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INTRODUCTION
1 Scope

1.1 These requirements cover electrically operated smoke detector monitors intended to be used in
ordinary indoor locations in accordance with the National Electrical Code, NFPA 70; the Life Safety Code,
NFPA 101; and Chapter 2 of the National Fire Alarm Code, NFPA 72.

1.2 As covered by these requirements, a smoke detector monitor is a unit that provides for the
connection and supervision of initiating circuits which are, in turn, to be connected to smoke detectors. The
smoke detectors may be single station or multiple station and are mstalled within |nd|V|duaI living units of
multifamily re dications at an

attended ce
smoke dete

1.3 In addif
manual acti
detectors or

1.4 An installation wiring diagram attached to the monitor, or referenced in the markings o

indicates the

1.5 These

the monitor, nor do they cover units intended for connectionite’smoke detectors that:

a) Do

b) Arg

1.6 A prody
from those c
injury to pe
requirements
maintained.
specific reqy

tral monltorlng Iocatlon asa supplement to the S|gnal |nd|cat|on prowded at the
or. These units are not intended for use as fire protective signaling controlunits.

ion to smoke detector monitoring, a monitor covered by these requirements m

not) on either an individual or zone basis.

devices and circuits acceptable for connection to it inthe field.

equirements do not cover automatic fire detectots or alerting devices not provi

not have integral sounding devices or

installed in common areas of multifamily dwellings.

ct that contains features, characteristics, components, materials, or systems ne
bvered by the requirements in‘this Standard, and that involves a risk of fire, ele
'sons shall be evaluated 'using the appropriate additional component and
to determine that the level of safety as originally anticipated by the intent of th
A product whosefeatures, characteristics, components, materials, or systems
irements or provisions of this Standard shall not be judged to comply with {

ocation of the

by provide for

ation of alarm signals within the individual living units (whether\integral with the smoke

h the monitor,

led as part of

w or different
ctric shock, or

end-product
s Standard is
5 conflict with
his Standard.

Where appropriate, revision of requirements shall be proposed and adopted in conformance with the

methods em

2 General

bloyed fordevelopment, revision, and implementation of this Standard.

21

211

Components

Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with

the requirements for that component. See Appendix A for a list of standards covering components
generally used in the products covered by this standard.

2.1.2 A component need not comply with a specific requirement that:

a) Involves a feature or characteristic not needed in the application of the component in the product
covered by this standard or

b) Is superseded by a requirement in this standard.

2.1.3 A component shall be used in accordance with its recognized rating established for the intended

conditions of

use.
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2.1.4 Specific components are recognized as being incomplete in construction features or restricted in
performance capabilities. Such components are intended for use only under limited conditions, such as
certain temperatures not exceeding specified limits, and shall be used only under those specific conditions

for which they have been recognized.

2.2 Units of measurement

221

may be only approximate. The first stated value is the requirement.

If a value for measurement is followed by a value in other units in parentheses, the second value

2.2.2 Unless otherwise indicated, all voltage and current values mentioned in this standard are root-

mean-square
2.3 Undate

231 Anyu
be interpreteq

3 Glossary

3.1 Forthe

3.2 ALARM
immediate ac

3.3 ALERTI
trouble condi
and chimes.

3.4 ALERTI

3.5 END-OH
limit the amol

3.6 FAULT -

3.7 GROUN
wiring system

(rms)
\ 7*
l references

hdated reference to a code or standard appearing in the requirements of this s
as referring to the latest edition of that code or standard.

burpose of this standard the following definitions apply:

SIGNAL — An audible and visual signal indicating an emergency fire condition
fion.

NG DEVICE — Any device that provides. an audible signal to the attendant to ind
ion. Examples of audible signal devices are bells, horns, sirens, electronic ho

NG DEVICE CIRCUIT — A circuit to which alerting devices are connected.

F-LINE RESISTOR —A resistor installed at the end of an initiating or alerting de
nt of supervisory eurrent.

- An open or ground condition on any line extending from a monitor or monitoring

DED CONDUCTOR - A conductor used to connect the intentionally grounde
to a grounding electrode.

tandard shall

that requires

cate a fire or

s, buzzers,

vice circuit to

) accessory.

d circuit of a

3.8 GROUNDING CONDUCTOR — A conductor used to connect noncurrent carrying parts of equipment,
raceways, and enclosure to a grounding electrode at the service. The grounding electrode is, in turn,

connected to

3.9
fire alarm indi

3.10

3.1

earth ground or to some conducting body that serves in place of earth ground.

cation at the monitor.

INITIATING DEVICE CIRCUIT — A circuit to which initiating devices are connected.

INITIATING DEVICE — An automatically operated smoke detector, the operation of which results in a

MONITOR — An electrically-operated visual and audible alerting device containing or having

provision for connection to remote alarm and trouble alerting devices. This device is used to indicate the

presence of a

larm and faults on the circuit extending from the unit.
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3.12 MONITOR ACCESSORY - A device or appliance that is externally connected to a monitor and
employed to provide supplementary signaling indication. Such accessories include end-of-line resistors or
diodes, auxiliary relays, remote switches, and living area interface units.

3.13 PROGRAM-CONTROLLED UNIT — A unit for which the intended operation is controlled or
influenced by a stored program. As used here, the word "program” refers to a set of instructions that is
carried out in a sequential and repetitive manner and that determines the system output signal resulting
from a specific system input signal. "Stored" refers to the action provided by memory devices in which the
memory may be either transient or permanent and that are used for retaining information, instruction,
status, and the like.

3.14 SIGNALING LINE CIRCUIT — A circuit over which signals are transmitted between a monitor and its
accessories.

3.15 SUPPLEMENTARY SIGNALING CIRCUIT — A circuit to which room status or housekeeping
equipment, gr the like, may be connected.

3.16 TROUBLE SIGNAL — A visual and audible signal indicating a fault condition of any nature, such as
an open or gfound, or other trouble condition that has occurred in the device or connected wifing.

3.17 VOLTAGE CLASSIFICATIONS:

a) High-Voltage Circuit — A circuit involving a potentials of not more than 300 volts and having
characteristics in excess of those of a low-voltage circuit

b) Loyw-Voltage Circuit — A circuit involving a potential of not more than 30 volts alterpating current
(AC) rms, 42.4 volts direct current (DC) or AC peak.

c) Power-Limited Circuit — A circuit in which the power is limited as specified in Rower-Limited
Circults, Section 36.

INSTRUCTIQNS AND DRAWINGS
4 General
4.1 Installgtion wiring diagram

4.1.1 An ingtallation wiring diagram shall be provided with each monitor illustrating the field connections
to be made. [The drawing may be attached to the unit or, if separate, shall be referenced in the marking on
the unit by thesname or trademark of the manufacturer, drawing number, and issue number of date.

4.1.2 The drawing shall show a pictorial view of the installation terminals or leads to which field
connections are to be made as they would appear when viewed during an installation. The terminal
numbers on the unit shall agree with the numbers on the drawing.

4.1.3 The following marking information shall appear on the installation wiring diagram for the applicable
circuits to which field connections are made. In addition, each circuit shall be marked to indicate that the
circuit is "SUPERVISED" or "NOT SUPERVISED."

a) Main Supply Circuit — Volts, frequency, and maximum current input or specific power supply with
which the unit is intended to be used. A terminal for the connection of a grounded conductor shall
be properly identified. If the input current can vary appreciably with the extent of output circuit
loading and will affect the size of the supply circuit wire used, more than one current rating may be
shown in conjunction with a marking on the unit indicating the limitations of loading.
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b) Trouble Supply Circuit — Voltage, frequency, and maximum current input.

c¢) Battery Circuit — DC voltage and the maximum current input. For a storage battery intended to be
charged by the unit, the maximum charging currents (trickle and fast charge) shall be indicated as

well as the capacity in ampere-hours.

d) Initiating Device Circuit — Reference by manufacturer's name and model number to

the intended

smoke detectors and the intended connection. Smoke detectors shall be shown connected in an
initiating device circuit such that a trouble signal emanating from a particular detector (for example,
the beacon lamp in a photoelectric detector) will not prevent operation for alarm signals from other
initiating devices on the same circuit. The maximum line impedance shall be indicated unless the

unit can operate with a 100 ohm impedance in each circuit.

e) Alefting Device Circuit — The type of signaling devices and their intended conn
circuit|is intended for the connection of a polarized appliance, the field connections
appliahce is to be wired shall be marked with plus or minus (+, —) symbols, or,symb
been determined to be equivalent, to indicate the intended field connection:

f) Sugplementary Signaling Circuits — Maximum current, voltage, and frequency.
provides relay contact operation, the position of the contacts andvthe condition
(supetvisory, alarm, or trouble) shall be indicated.

g) Sigpaling Line Circuit — Maximum line impedance, voltage; current, and frequencyj
operafing range shall also be indicated if a field adjustment of current is indicated.

h) Acgessory Circuits — Reference to the name of manufacturer, model number, and
the actessory.

i) Power-Limited Circuits — Connections to_eircuits that may be connected to power-
shall he identified by the marking "Power-Limited Circuit" or a marking determined to b

j) Aluminum Connections — The following shall be marked on the wiring diagram:
Alumi]vum Conductors."
i

k) Wi
intended, the marking "NE€or a marking determined to be equivalent shall be used.

4.1.4 The optput parameters’indicated in accordance with 4.1.3 (d) — (g) shall be stated a
Table 4.1, or in a format-determined to be equivalent.

ection. If the
to which the
bls that have

If the circuit
pf the circuit

The current

onnection to

limited cable

e equivalent.

‘Do Not Use

ng Terminals — Where éxtra terminals are provided to which field connections are not

5 specified in

Table 4.1
Output parameters
Current (or wattage)
Normal maximum
Designation Type voltage standby (alarm) Frequency Ripple voltage
Alternating current AC
Half-wave HW
Full-wave FW
Direct current DC

4.1.5 For a unit provided with field-wiring terminals as described in 14.3.1:

a) If a special tool is required for connection, its use shall be indicated on the installation wiring

diagram by name of manufacturer and model number or equivalent.


https://ulnorm.com/api/?name=UL 1730 2022.pdf

APRIL 11, 2022 UL 1730 1

b) The range of wire sizes shall be indicated on the installation wiring diagram.

c) If means for testing for an open and a ground fault on the circuit to which the wiring is connected
is not incorporated into the unit, the means shall be indicated on the installation wiring diagram.

4.2 Operating instructions

4.2.1 A monitor shall be provided with understandable operating instructions. These instructions shall
appear on the cabinet front or on a separate sheet that can be framed and located adjacent to the unit.

4.2.2 |If separate from the unit, the instructions shall include the model number of the unit and be
referenced in_the marking on the unit by number and issue number or date

4.2.3 The Instructions shall include a capsule description of pertinent conditions~applicable to the
particular mgnitor. Examples of typical conditions are as follows:

a) Nofmal standby;

b) Algrm;

c) Algrm test;

d) Algrm reset;

e) Trquble;

f) Offfnormal position of switches;

g) Function of lights, switches, and meters;
h) Pefiodic testing recommendations;

i) Fuse replacement; and

j) Alatm silencing procedute.

4.2.4 In addition to the description specified in 4.2.3, a blank space shall be provided on the instruction
sheet to fill ifn the name, address, and telephone number of the local service representativg to contact in
the event of frouble.

4.2.5 If the|instructions appear on a separate sheet a notation shall be added on the bgttom that the
instructions ghould be framed and placed adjacent to the unit for ready reference.

CONSTRUCTION
ASSEMBLY
5 Protection of Service Personnel

5.1 Anuninsulated live part of a high-voltage circuit and sharp corners or projections within the enclosure
shall be located, guarded, or enclosed to reduce the likelihood of unintentional contact by persons
performing service functions that may be performed while the unit is energized.

5.2 During the examination of a unit in connection with the requirements in 5.1, a part of the outer
enclosure that may be removed without the use of tools, or part of the outer enclosure that may be
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removed by the user to allow access for making intended operating adjustments, shall be disregarded; it
will not be assumed that the part in question affords protection against electric shock.

5.3 An electrical component requiring examination, replacement, adjustment, servicing, or maintenance
while the unit is energized shall be located and mounted with respect to other components and with
respect to grounded metal so that it is accessible for such service without subjecting the service personnel
to a risk of electric shock from adjacent uninsulated high-voltage live parts.

5.4 The following are not considered to be uninsulated live parts:

a) Coils or relays and solenoids, and transformer windings, if the coils and windings are provided
with insulating overwraps rated for the potentials involved;

b) Ter]ninals and splices having insulation rated for the potential involved; and

c¢) Insulated wire.

5.5 If the linpar distance from a component requiring servicing to an uninsulated high-voltade part is less
than 6 inches| (152 mm), the part shall be protected by insulating tape, barriers, or a means determined to
be equivalent

Exception No} 1: A unit need not comply with this requirement if eithér:

a) An fnterlock is provided on the cover that de-energizes all live parts when the covar is removed
or

b) Theg cover is marked in accordance with 53.8:

Exception Nol 2: This requirement does not apply~to uninsulated high-voltage parts if the curtent is limited
in accordance with the Electric Shock Current Test, Section 43.

6 Enclosures
6.1 Genera

6.1.1 The frame and enclosure of a monitor shall have the strength and rigidity to resist tptal or partial
collapse with jattendant réduction of spacings, loosening or displacement of parts, or development of other
conditions that could-imipair operation of the unit and increase the risk of fire, electric shock, or injury to
persons.

6.1.2 Uninsulated high-\/nlfngn electrical partis. of a unit shall be located or enclosed-to prn\/i e protection
from unintentional contact.

6.1.3 An operating part, such as a gear mechanism, a light-duty relay, or similar device, shall be
enclosed to protect against malfunction from dust or other foreign material that may impair the intended
operation.

6.1.4 The mounting means of an enclosure shall be accessible without disassembly of any operating part
of the unit. Removal of a completely assembled panel to mount the enclosure is not considered to be
disassembly of an operating part.

6.1.5 A material used within an enclosure shall be classified V-2 or HF-2, or less flammable, in
accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94.
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Exception No. 1: A motor, relay, capacitor, semiconductor, transformer, switch, insulating tubing or tape,
or other electrical element need not comply with this requirement if it complies with the flame test
applicable to the component.

Exception No. 2: A meter face and case (if acceptable for mounting live parts) and indicator lamp or jewel
need not comply with this requirement.

Exception No. 3: The material used to form a gear, cam, belt, bearing, strain-relief bushing applied over a
PVC-jacketed cord, or other small part that contributes negligible fuel to a fire need not be investigated if

the part is isolated from uninsulated electrical parts that are not power-limited either by:

a) At least 0.5 inch (12.7 mm) of air or

b) A S

Exception N¢. 4: Tubing for air or fluid systems, and foamed plastic, need only be'classified

olid barrier of material classified V-2 or less flammable.

HB or HBF, if

the tubing orffoamed plastic is isolated for uninsulated electrical parts that are not power-limited either by:
a) At least 0.5 inch (12.7 mm) of air or
b) A qolid barrier of material classified V-2 or less flammable.
6.1.6 If a monitor is not intended to be installed in a separate ¢abinet that has provision for|connection to
a Class | wirlng system, as defined by the National Electrical:Code, ANSI/NFPA 70, the englosure of the
unit shall haye provision for connection to a Class | wiring system.
6.1.7 An opening in the top of the enclosure shall be constructed and sized to reduce th¢ likelihood of

entry of forei

6.1.8 To co

hn objects.

mply with the requirements in 6<3+7, an opening directly over an uninsulated live

part shall not

exceed 0.18f inch (4.75 mm) in any dimension unless the configuration of the opening pfevents direct
entry of unjnsulated high-voltage parts. See Figure 6.1 for examples of acceptable top cover

constructions.
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Figure 6.1

Cross sections of top cover designs

—

EC

6.1.9 Anop
a) Ent

b) Corn

Louver openi
examples of |

SLANTED OPENINGS

LLL

1500 VERTICAL OPENINGS

bning in the side of the enclosureshall be located and sized to reduce the likelih
'y of a foreign object and

tact with internal parts by persons.

hgs may be used if shaped to deflect external falling objects outward. See H
buver constructions that may be used.

bod of:

igure 6.2 for
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Figure 6.2

Louvers

INSIDE OUTSIDE

!
OUTWARD PROJECTION

INSIDE OUTSIDE

EC510 INWARD PROJECTION

6.1.10 Openings shall not be provided in the bottom panels or protective pans under areas containing
materials nof classified V-1 or less flammabile, in accordance with the Standard for Tests forl Flammability
of Plastic Materials for Parts in Devices and Appliances, UL 94, unless constructed in g manner that
prevents materials from falling directly-from the interior of the unit onto the supporting surfage or onto any
other location under the unit. Figure 6.3 illustrates a type of baffle that complies with this r¢quirement. A
second construction that complies with this requirement is a 0.040 inch (1.02 mm) thick sheett steel bottom
panel in whigh round holes '©f/5/64 inch (2.0 mm) maximum diameter are spaced no closer together than
1/8 inch (3.2|mm) centersto-center. See the Abnormal Operation Tests, Section 49.
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Figure 6.3

Bottom panel baffles

2X BUT NEVER LESS

‘._/THAN 1"(25.4mm)

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF MACHINE)

6.1.11 The
flammabile, in
Devices and

6.1.12 Openings may be used without limitation on the size ‘or number in areas that contain

a) CTH
b) Plu

6.1.13 An ¢
component th

6.1.14 Fast¢ners requiring the use of a tool or key shall be used for an enclosure if access is

for intended g

6.1.15 Ane
with the surfa

a)An

K
/

7

bottom of the enclosure under areas containing only “materials classified
accordance with the Standard for Tests for Flammability of Plastic Materialg
A\ppliances, UL 94, may have openings not larger.than 1/16 square inch (40 mmj

— ] < [——

TTOM OF MACHIN
£B141 BOTTOM O CHINE

FE, FEP, PVC, TFE, and neoprene-insulated wire cable and

Js and receptacles.
pening in the enclosure shall not permit access to a relay, terminal, contrg
at might be subject to tampering.

peration of the unit.

ce of the wall shall not have:

bnfunetional opening or

V-1 or less
for Parts in

)

DNnly:

I, or related

not required

hclosure intended for recessed mounting and having a front panel that is intendgd to be flush

b) Openings that vent into concealed spaces of a building structure, such as into hollow spaces in
the wall, when the unit is mounted as intended.

Exception: The requirement in (b) does not apply to an opening for a mounting screw or nail or for a
manufacturing operation (such as paint drainage) if the opening has no dimension greater than 17/64
inches (6.75 mm) or an area greater than 0.055 square inch (35.48 mm?), and there is no more than one
mounting screw hole for each 12 inches (305 mm) of length of mounting surface, or fraction thereof.

6.2 Cast metal

6.2.1
6.1.

The thickness of cast metal for an enclosure shall be at least the applicable value specified in Table
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Exception: Cast metal of lesser thickness may be used if it provides equivalent mechanical strength
considering the shape, size, and function of the enclosure.

Table 6.1
Cast-metal electrical enclosures

Minimum thickness

Die-cast metal,

Cast metal of other than
the die-cast type,

Use, or dimensions of area involved? inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less having no dimension 1/16 1.6 1/8 3.2
greater than 6 jnches (152 mm)
Area greater tHan 24 square inches (155 cm?) or having any 3/32 24 1/8 3.2
dimension gredter than 6 inches (152 mm)
At a threaded ¢onduit hole 1/4 6.4 1/4 6.4
At an unthreaded conduit hole 1/8 3.2 1/8 3.2

@ The area limi
area.

ation for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs subdividing a larger

6.2.2 If thrg
there shall n
suchthatas

ads for the connection of conduit are tapped all the way through a hole in an ehclosure wall,
bt be less than 3-1/2 nor more than five threads infthe' metal, and the construction shall be
andard conduit bushing can be attached as intended.

6.2.3 If thr

rounded inl

6.3 Sheet

6.3.1 Thet
in Table 6.2 ¢

ads for the connection of conduit are tapped only part of the way through|a hole in an
enclosure wall, there shall not be less than 3-1/2 fulbkthreads in the metal, and there shall pbe a smooth,
hole that affords protection to the conductors equivalent to that provided hy a standard
conduit bushjng.

etal

r Table 6.3.

Exception: §
considering §

nickness of sheet metal used for the enclosure shall be at least the applicable value specified

heet metal of lesSer thickness may be used if it provides equivalent mechahical strength
he shape, size, ‘and function of the enclosure.
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Table 6.2

Minimum thickness of sheet metal for electrical enclosures carbon steel or stainless steel

Without <u . , With supportir.lg frarpe gr equivalent Minimum Minimum
pporting frame reinforcing thickness thickness metal
Maximum width,® | Maximum length,® | Maximum width,”® | Maximum length, uncoated, coated,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm) inch (mm)
4.0 10.2 Not limited 6.25 15.9 Not limited
4.75 121 5.75 14.6 6.75 171 8.25 21.0 0.020 0.51 0.023 0.58
6.0 15.2 Not limited 9.5 241 Not limited
7.0 17.8 8.75 222 10.0 254 12.5 31.8 0.026 0.66 0.029 0.74
8.0 20[3 Not Timited 120 30.5 Not Timited
9.0 2219 11.5 29.2 13.0 33.0 16.0 40.6 0.032 0.81 0.0p4 0.86
125 3118 Not limited 19.5 49.5 Not limited
14.0 356 18.0 45.7 21.0 53.3 25.0 63.5 0.042 1.07 0.0¢5 1.14
18.0 457 Not limited 27.0 68.6 Not limited
20.0 50,8 25.0 63.5 29.0 73.7 36.0 91.4 0.053 1.35 0.0p6 1.42
22.0 559 Not limited 33.0 83.8 Not limited
25.0 6315 31.0 78.7 35.0 88.9 43.0 109.2 0.060 1.52 0.0p3 1.60
25.0 6315 Not limited 39.0 99.1 Not limited
29.0 737 36.0 91.4 41.0 104.1 51.0 129.5 0.067 1.70 0.0[70 1.78
33.0 8318 Not limited 51.0 129.5 Not limited
35.0 889 47.0 119.4 54.0 137.2 66.0 167.6 0.080 2.03 0.0p4 213
42.0 106.7 Not limited 64.0 162.6 Not limited
47.0 119.4 59.0 149.9 68.0 172.7 84.0 213.4 0.093 2.36 0.0p7 2.46
52.0 132.1 Not limited 80.0 203,2 Not limited
60.0 152.4 74.0 188.0 84.0 2134 103.0 261.6 0.108 2.74 0.1111 2.82
63.0 160.0 Not limited 97.0 246.4 Not limited
73.0 18%.4 90.0 228.6 103.0 261.6 127.0 322.6 0.123 3.12 0.1p6 3.20
@ A supporting filame is a structure of angle or ¢hannel or a folded rigid section of sheet metal which is rigidly attachefl to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending
moments which|may be applied via the enclosure surface when it is deflected. Constructions that are considered to fave equivalent
reinforcing may pe accomplished by désigns that will produce a structure which is as rigid as one built with a frame of angles or
channels. Consfructions consideredtobe without supporting frame include:
1) Sipgle sheet with.single formed flanges (formed edges);
2) A single sheet which is corrugated or ribbed; and
3) An) enclosutre surface loosely attached to a frame, for example, with spring clips.
b The width is the smallér dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfages of an
enclosure may have‘supports in common and be made of a single sheet

¢ For panels which are not supported along one side, for example side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
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Table 6.3

Minimum thickness of sheet metal for electrical enclosures aluminum, copper, or brass

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Maximum width,”

Maximum length,®

Maximum width,°

Maximum length,

Minimum thickness,

inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 7.6 Not limited 7.0 17.8 Not limited
3.5 8.9 4.0 10.2 8.5 21.6 9.5 241 0.023 0.58
4.0 10.2 Not limited 10.0 25.4 Not limited
5.0 12.7 6.0 15.2 10.5 26.7 13.5 34.3 0.029 0.74
6.0 15.2 Not limited 14.0 35.6 Not limited
6.5 16.5 8.0 20.3 15.0 38.1 18.0 45.7 0.036 0.91
8.0 20.3 Not limited 19.0 48.3 Not limited
9.5 241 1.5 29.2 21.0 53.3 25.0 63.5 0.045 1.14
12.0 30.5 Not limited 28.0 711 Not limited
14.0 35.6 16.0 40.6 30.0 76.2 37.0 94.0 0.058 1.47
18.0 457 Not limited 42.0 106.7 Notlimited
20.0 50.8 25.0 63.5 45.0 114.3 55.0 139.7 0.075 1.91
25.0 63.5 Not limited 60.0 152.4 Not limited
29.0 73.7 36.0 91.4 64.0 162.6 78.0 198.1 0.095 2.41
37.0 94.0 Not limited 87.0 221.0 Not limited
42.0 106.7 53.0 134.6 93.0 236.2 114.0 289.6 0.122 3.10
52.0 132.1 Not limited 123.0 3124 Not limited
60.0 152.4 74.0 188.0 130.0 330.2 160.0 406.4 0.153 3.89

1) Single sheet with single formed flanges (formed edges);

2) A single sheet whichiis,corrugated or ribbed; and

3) An enclosure surface loosely attached to a frame, for example, with spring clips.

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attachpd to and has
essentially the[same outside dimensions as the enclosure-surface and which has sufficient torsional rigidity to resisf the bending
moments which may be applied via the enclosure surfaceywhen it is deflected. Constructions that are considered tq have
equivalent reinforcing may be accomplished by designs-that will produce a structure which is as rigid as one built wjth a frame of
angles or channels. Constructions considered to he without supporting frame include:
3) An enclosur surface loosely attached to aframe, for example, with spring clips.

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure maylhave supparts-in common and be made of a single sheet.

¢ For panels which arenet.supported along one side, for example, side panels of boxes, the length of the unsupported side shall
be limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 min) wide.

6.3.2 A hole larger than 1-3/8 inch (34.9 mm) diameter shall have a closure of thickness not less than
that required for the enclosure or shall have a standard knockout closure. Such closures shall be securely

mounted.

6.3.3 A knockout in a sheet metal enclosure shall be reliably secured, but removal of the knockout shall

not result in undue deformation of the enclosure.

6.3.4 A knockout shall be provided with a surrounding surface area of sufficient size to permit seating of

a conduit bushing, and shall be located so that a bushing used at any knockout likely to be used during
installation will not reduce spacings between uninsulated live parts and the bushing to values less than
those specified in Spacings, Section 29.

6.3.5 A sheet metal member to which a wiring system is to be connected in the field shall be at least:
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a) 0.032 inch (0.81 mm) thick, if of uncoated steel;

b) 0.034 inch (0.86 mm) thick, if of galvanized steel; and

¢) 0.045 inch (1.14 mm) thick, if of nonferrous metal.

6.4 Nonmetallic

6.4.1

An enclosure or part of an enclosure of nonmetallic material shall have sufficient mechanical

strength and durability and shall be formed so that operating parts will be protected against damage. The
mechanical strength of the enclosure shall be at least equivalent to a sheet metal enclosure of the
minimum thickness specified in Table 6.2.

6.4.2 Amon
enclosure or
properties, di
at temperatu
factors are to

6.4.3 A wod
edges expos
arcing parts

metal liner, a
bottom of th
completely ern

6.5 Doors 4

6.5.1 Anen

a) Giv|
which

b)Isn

Exception: A
are located w

6.5.2 Intend
or for silencin

j the factors to be taken into consideration when evaluating the acceptability lof
parts are flammability, mechanical strength, resistance to impact, moistur

es to which the material may be subjected under conditions of /Anticipated u
be considered with regard to aging. See the Polymeric Materials Tests, Section

den enclosure shall be solid or laminated wood, at least3/8 inch (9.5 mm)
bd to internal electrical parts, and shall be spaced atdeast 1/2 inch (12.7 mm
nd potential sources of ignition. All electrical partsShall be mounted to a met
least 0.010 inch (0.25 mm) thick, shall be provided. The liner shall complet
enclosure. All high-voltage circuits and nonpower-limited low-voltage circ
closed by metal not less than 0.010 inch thick.

a)

C

nd covers

closure cover shall be hinged, sliding, or similarly attached to prevent its being reg

s access to fuses or to any-other overcurrent protective device, the intended f
requires renewal or

pcessary to open the\eover in connection with the intended operation of the unit.

tamper switch ‘'may be used in lieu of an attachment, if only overcurrent prote
fthin the unit.

ed operation, as mentioned in 6.5.1, is considered to include operation of a swit
g ah.audible signal device or operation of any other component of a unit that 1

B nonmetallic
b absorption

-

blectric strength, insulation resistance, resistance to arc tracking, and resistance to distortion

se. All these
B8.

thick with no

from live or
al chassis. A
bly cover the
Lits shall be

moved if it:

unctioning of

ctive devices

ch for testing
equires such

action in conr

ectionwith its intended pnrfnrman‘n

6.5.3 A hinged cover is not required if the only fuses enclosed are intended to provide protection to
portions of internal circuits such as may be used on a separate printed wiring board or circuit subassembly,
to reduce the risk of circuit damage resulting from a fault. See 53.9 for circuit fuse marking specification.

6.5.4 A hinged or sliding cover shall be provided with a lock, latch, or catch.

6.5.5 An unhinged cover shall be securely held in place by screws or by securement means determined
to be equivalent.

6.5.6 Glass covering an observation opening shall be secured in place so that it cannot be displaced in
service and shall provide mechanical protection for the enclosed parts. The thickness of a glass cover
shall not be less than specified in Table 6.4.
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Table 6.4
Thickness of glass covers

Maximum size of opening

Length or width, Area, Minimum thickness,
inches (mm) inches? (cm?) inch (mm)
4 102 16 103 1/16 1.6
12 305 144 929 1/8 3.2
Over 12 305 Over 144 929 a

@1/8 inch (3.2 mm) or more, depending upon the size, shape, and mounting of the glass panel. See 37.2.1 and 37.2.2.

6.5.7 Agla
any dimensid
3/16 inch (4
equivalent.

6.5.8 A tran
material doe
may be subjq

n greater than 12 inches (305 mm), shall be supported by a continuous greove|
8 mm) deep along all four edges of the panel, or by an arrangement dete

sparent material other than glass may be used for the cover af an observation
5 not introduce a risk of fire, distort, or become less transparent at the temperat
cted under either normal or abnormal service conditions.

6.6 Screens and expanded metal

6.6.1 A scr
with the requ

6.6.2 Perfo
inch (1.07 m|
square inch

(2.13 mm) if

ben and expanded metal used as a guard, enclosure, or part of an enclosure
rements in 6.6.2 and 6.6.3.

rated sheet steel and sheet steel used;for expanded metal mesh shall not be le

323 mm?) or less in area, andsshall not be less than 0.080 inch (2.03 mm) thig
vinc coated] for larger openings. The largest dimension shall not exceed 4 inche

Exception: If
live parts an

the indentation of a guard or the enclosure will not alter the clearance betwee
grounded metal sg_as to impair intended operation of the unit or reduce spaci

minimum required values (se€e Spacings, Section 29), 0.020 inch (0.61 mm) expanded n
perforated sheet metal [0.023.inch (0.58 mm) if zinc coated] may be used if:

a) The exposedimesh on any one side or surface of the protected unit has an area of
72 square inGhés (465 cm?) and has no dimension greater than 12 inches (305 mm) o

b) Thewidth of a protected opening is not greater than 3-1/2 inches (89 mm).

5s panel for an opening having an area of more than 144 square inches (929 crlnz), or having

not less than
rmined to be

ppening if the

ire to which it

shall comply

5s than 0.042

m) thick [0.045 inch (1.14 mm) if Zinc coated] if the mesh openings or perforations are 1/2

k [0.084 inch
5 (102 mm).

n uninsulated
ngs below the
etal mesh or

not more than
,

6.6.3 The wires of a screen shall not be smaller than 16 AWG (1.3 mm?) if the screen openings are 1/2
square inch (323 mm?) or less in area, and shall not be smaller than 12 AWG (3.3 mm?) for larger screen
openings.

6.7 Battery compartments

6.7.1 A compartment for vented storage batteries shall have a total volume not less than twice the
volume occupied by the batteries. Ventilating openings shall be located so as to permit circulation of air for
dispersion of gas while the battery is being charged at the highest rate permitted by the means
incorporated in the unit.

6.7.2 The interior of a storage battery compartment shall be protected so that it will be resistant to
detrimental action by the electrolyte.


https://ulnorm.com/api/?name=UL 1730 2022.pdf

22

UL 1730

APRIL 11, 2022

7 Electric Shock

71

7.11

Shock current

See the Electric Shock Current Test, Section 43.

7.2 Antenna terminals

7.21

Any part that is exposed only during operator servicing shall not present a risk of electric shock.

Each terminal provided for the connection of an external antenna shall be conductively connected

to the supply circuit grounded conductor. The conductive connection shall have a maximum resistance of

5.2 megohms
the on or off g

Exception No

a) Su

means;

b) The

c) In
conne

Exception Ng.

the requirems

722 Them
the resistor v
4.7 megohms

y A IIIIIIIIIIUIII VVGLLGHU Iallllu UI IIL VVaLl. GIIU OIIGII IJU UIICLJLIVU VVII.II lIIU MUWTT OV

osition.

1: The conductive connection need not be provided if:

h a connection is established in the event of electrical breakdown. of the ante

s

breakdown does not result in a risk of electric shock; and

a construction using an isolating power transforiner, the resistance of th
ction between the supply circuit and chassis does hot exceed 5.2 megohms.

2: A component comprised of a capacitor,with a built-in shunt resistor that ¢
nts for antenna isolating capacitors may bé‘rated a minimum of 1/4 watt.

aximum value of 5.2 megohms mentioned in 7.2.1 is to include the maximum
hlue used; that is, a resistor rated.4.2 megohms with 20 percent tolerance or a
with a 10 percent tolerance may-be used.

7.3 Circuit element replacement

7.3.1 The i
result in a risk

sertion in any socket of any semiconductor, or similar replaceable circuit elem
of electric shock;

8 Accessibjlity of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

8.1 To redu

ce . the likelihood of unintentional contact that may involve a risk of electric sh

uninsulated |

/itch in either

nna isolating

b conductive

omplies with

tolerance of
fesistor rated

ent shall not

ock from an

ve_part or film-coated wire, or injury to persons from a moving part, an o

bening in an

enclosure shall have a minor dimension less than 3/4 inch (19.1 mm) diameter and such a part or wire
shall not be contacted by the probe illustrated in Figure 8.1.
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Figure 8.1

Articulate probe with web stop
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8.2 Before determining compliance with the requirements in 8.1, a part of the enclosure that may be
opened or removed by the user without using a tool (to attach an accessory, to make an operating
adjustment, or for other reasons) is to be opened or removed.

8.3 The probe specified in 8.1 is to be applied to any depth that the opening will permit; and is to be
rotated or angled before, during, and after insertion through the opening to any position that is necessary
in order to examine the enclosure. The probe is to be applied in any possible configuration. If necessary,
the configuration may be changed after insertion through the opening.

8.4 The probe specified in 8.1 is to be used as a measuring instrument to judge the accessibility provided
by an opening, and not as an instrument to judge the strength of a material; it is to be applied with the
minimum force necessary to determine accessibility

9 Protectioh Against Corrosion

9.1 Aniron
plating, or oth

or steel part shall be protected against corrosion by enameling, galvanizing,
er equivalent means.

sherardizing,

Exception Noj

or similar part.

Exception Ng
corrosion of
unintentional

Exception Ng
additional pro

9.2 Thereq
upon which in

9.3 Bearing
9.4 Metals s
FIELD-WIRIN

10 General

1: This requirement does not apply if such protection is impracticable, such as

. 2: This requirement does not apply to a part such as a washer, screw, bolt,
the unprotected part would not be likely to result in a risk of fire or electrig
contact with a moving part that involves a risk ©fihjury to persons.

. 3: A part made of stainless steel, polished or treated if necessary, does
tection against corrosion.

irement in 9.1 applies to an enclosure of sheet steel or cast iron and to a spring
tended mechanical operationmay depend.

surfaces shall be of matefials and construction that resist binding due to corrosi
hall be used in eombinations that are galvanically compatible.

G CONNECTIONS

on a bearing

or the like, if
shock or in

5 not require

or other part

pn.

10.1 A mon

tor shall be provided with wiring terminals or leads for connection of conductors of at least

the size required by the National Electrical Code, ANSI/NFPA 70, corresponding to the electrical rating of
the unit.

11 Supply Connections

11.1 A unit shall have provision for connection of conduit.

Exception: An enclosure without provision for the connection of conduit may be used if furnished with
definite instructions identifying the section(s) of the unit intended to be drilled in the field for the
connection.
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12 Field-Wiring Compartment

12.1  The field-wiring compartment to which connections are to be made shall be of sufficient size for
completing all wiring connections specified by the installation wiring diagram.

12.2 Wiring intended for mounting in an outlet box shall be located or protected so that, upon installation,
the wiring in the outlet box is not forced against the terminals or other sharp edges that can damage the
conductor insulation.

12.3 An outlet box or compartment in which field-wiring connections are to be made shall be located so
that the connections may be inspected after the unit is installed as intended. The removal of mounting

SCrews, or e valent gr'rglﬁgnr\'\nrﬂ'7 io |nepnr~+ the fiald wiring r\nhhnr\hr\he, may be pnrfnrmnr .

12.4 Field-
intended for
be marked a

13 Power-
13.1 If the ¢

protective si
nonpower-li

a) The enclosure shall provide a minimum of two‘cable openings into the enclosu

singl
Thes
1, an
prody

b) Th

either:

viring areas shall not have sharp edges that may abrade wire insulatién, “If
routing in one of several areas to comply with this requirement, the compartmen
5 specified in 53.10.

Limited Circuits

onstruction of the product is such that the product either requires or permits pow
naling circuit conductors to occupy the same enclosufe as electric light, pows
ited fire protective signaling circuit conductors, botfy of the following conditions s

opening is provided, a continuous and firmly fixed nonconductor such as fl
are to provide segregation of the power-limited conductors from electric light,
d nonpower-limited fire protective sighaling conductors. The installation doc
ct shall completely detail cable entry touting of all conductors into the product.

e product shall be constructed so that, with all field-installed wiring connected t

1) A minimum of 6.4 mm (1/4 inch) is provided between all power limited cond
electric light, power; Class 1, or nonpower-limited fire protective signaling cond

2) For circuit.conductors operating at 150 volts or less to ground and wheg
limited conductors are installed using Types FPL, FPLR, FPLP, (or permit
cables-as described in Article 760 of the NEC); a minimum 6.4 mm (1/4 inch)
provided between the power limited cable conductors extending beyond the
electric light, power, and Class 1, and nonpower-limited fire protective signalin

field wiring is
t interior shall

er-limited fire
r, Class 1, or
hall be met:

e or, when a
exible tubing.
power, Class
ument of the

b the product,

uctors and all
uctors; or

re the power
ed substitute
separation is
jacket and all
j conductors.

Specific wire routing configurations detailed in the installation document achieves compliance with this
requirement. When a wire routing scheme does not maintain the required separation, barriers or
nonconductive sleeving shall be used to assure separation.

14 Field-Wiring Terminals

14.1

14.11

General

A field-wiring terminal shall be prevented from turning or shifting in position. This may be

accomplished by means such as two screws or rivets; by square shoulders or mortises; by a dowel pin,
lug, or offset; or by a connecting strap or clip fitted into an adjacent part. Friction between surfaces shall
not be used to prevent movement of the terminal.
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14.2 General application

14.2.1

A nonferrous soldering lug or solderless (pressure) wire connector shall be used for 8 AWG (8.4

mm?) and larger wire. If the connector or lug is secured to a plate, the plate shall not be less than 0.050
inch (1.27 mm) thick. A securing screw may be of plated steel.

14.2.2 A wire binding screw intended for field wiring connections shall not be smaller than No. 8 (4.2 mm

diameter). Th

e screw may be of plated steel.

Exception: A No. 6 (3.5 mm diameter) screw may be used for the connection of one 14 AWG (2.1 mm?) or
smaller conductor.

14.2.3 Ater

a) Ha
provid

wire in position. Other constructions may be used if they provide equivalént securif]

bindin

b) Be
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14.2.4 If twi
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not required i
If the wires
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14.3 Qualif

14.3.1 Any
connections 4

a) Te
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conne

b) Qu
posts
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termi

minal plate tapped for a wire binding screw shall:

e not less than two full threads in the metal (the terminal plate metal' may be
e the two full threads) and shall have upturned lugs, clamps, or thelequivaler

j screw threads.

bf a nonferrous metal not less than 0.050 inch (1.27 mm) thick for a No. 8 (4.2 n
er screw, and not less than 0.030 inch (0.76 mm) thick for a’No. 6 (3.5 mm diam

b or more conductors are intended to be connected by wrapping under the sa
tervening metal washer shall be used for each*additional conductor. A separa

rotrude above terminal barriers, the nenferrous separator shall include meg
or sides, to retain the wire.

ed application

of the following terminal.configurations may be used on a circuit to which
re made, within the limitations specified in 14.3.2:

bphone-Type Terminals — Nonferrous terminal plates employing a narrow V-sh
g a conductor'in/a post. A tool specifically intended for this purpose is
ction.

ck Conpect Terminals — Nonferrous quick connect (push type) terminals consi
permanently secured to the unit and provided with compatible female cg
ction _to field wiring. Such terminals require a specific tool for crimping of field

b extruded to
t to hold the
y of the wire

nm diameter)
bter) screw.

me screw, a
or washer is

two conductors are separated and intended;to'be secured under a common clamping plate.

ns, such as

field wiring

aped slot for
required for

sting of male
nnectors for
vires. Mating

als-shall be shipped with the unit with instructions for their installation

c) Push-In Terminals — Nonferrous (screwless) push-in terminals of the type used on some
switches and receptacles, wherein solid conductors are pushed into slots containing spring-type
contacts. The leads can be removed by means of a tool inserted to relieve the spring tension on the
conductor.

d) Wire-Wrapped Terminals — Terminals of copper or brass, having at least two sharp edges, and

requiri

ng a specific connection tool and terminal post design.

e) Solder Terminals — Conventional nonferrous solder terminals.

f) Other Terminals — Other terminal connections and materials may be employed if determined to
be equivalent to those specified in (a) — (e) and limited to the same restrictions.
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14.3.2 A unit using a terminal of any of the configurations described in 14.3.1 for connection of field
wiring shall comply with all of the following:

a) The wire size to be used shall be acceptable for the current-carrying capacity of the circuit
application. The minimum wire size to be used shall not be smaller than 18 AWG (0.82 mm?) for
single conductors, and shall not be smaller than indicated in Article 760 of the National Electrical

Code,

ANSI/NFPA 70, for power-limited multiple-conductor cables.

b) Except for connections described in 14.3.1 (b) and (c), removal of a lead for testing or routine
servicing, including detection, location, and correction of installation wiring faults shall not be

required.
C) Instructions-in-accordance-with-4-1.5-shallbe prr\\lirlnrl_
15 Field-Wliring Leads
15.1 A lead provided for field connections shall not be less than 6 inches (152 mm) long,

strain relief,
not be less th

16 Ground
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connected tg
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16.2 Thefq

a) AC
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instal

b) AC
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rated
condt

c) Di
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hnd not smaller than 18 AWG (0.82 mm?). The insulation, if of rubber or therm
an 1/32 inch (0.8 mm) thick.

ing

init intended to be connected to a grounded circuit,.orie terminal or lead shall b
pn of the grounded conductor. The identified:xterminal or lead shall be th
the screw shells of lampholders and to which.no single-pole primary overcurr|
onnected.

llowing circuits of a unit shall be grounded under the indicated conditions:

circuits less than 50 volts if supplied by a transformer, the supply system of W
olts to ground; if supplied by\a.transformer, the supply system of which is ung
ed as overhead conductorsoutside of buildings.

circuits of 50 volts and-over if the system can be grounded so that the maxim

d on the ungrounded conductors does not exceed 150 volts; or if the syste
240-/120-volt, (3;phase, 4-wire, in which the midpoint of one phase is us
ctor.

ctive Signaling power-limited circuits having a maximum current of 0.03 ampere 3

Articl(f 760-0f the National Electrical Code, ANSI/NFPA 70.

!

er$

ect current circuits operating at 51 — 300 volts, except for 250 volts DC, maximum fire

provided with

pplastic, shall

identified for
one that is
ent-protective

hich exceeds
rounded; or if

Lm voltage to
is nominally
as a circuit

s specified in

16.3 The following may be used as means for grounding:

a) For a unit intended to be permanently connected by a metal-enclosed wiring system, a knockout
or equivalent opening in the metal enclosure.

b) For a unit intended to be connected by a nonmetal-enclosed wiring system, such as nonmetallic-

sheat

hed cable, an equipment grounding terminal or lead.

16.4 A terminal intended for the connection of a grounded supply conductor shall be of, or plated with,
metal that is white in color and distinguishable from the other terminals; or identification of the terminal
shall be clearly shown in some other manner, such as on an attached wiring diagram. A lead intended for
the connection of a grounded power-supply conductor shall be finished to show a white or gray color and

shall be read

ily distinguishable from the other leads.
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16.5 A wire-binding screw intended for the connection of an equipment grounding conductor shall have a
green colored head that is hexagonal, slotted, or both. A pressure wire connector intended for connection
of such a conductor shall be plainly marked "G," "GR," "GROUND," "GROUNDING," or the like, or by a
marking on a wiring diagram provided on the unit. The wire-binding screw or pressure wire connector shall
be secured to the frame or enclosure of the unit and shall be located so that it is unlikely to be removed
during servicing of the unit.

16.6 The surface of an insulated lead intended solely for the connection of an equipment-grounding

conductor shall be green, with or without one or more yellow stripes. No other lead shall be so identified.

INTERNAL WIRING AND ASSEMBLY

17 General
17.1 Interng
may be subijg
place with cla

17.2 A lead

length to permit the full opening of the cover without applying stress toythe lead or the conr

lead shall be
jamming of th

17.3 Insulat
environments

17.4 A wire
may cause af

17.5 A splic

17.6 A strai
strands solde|

17.7 A splic
18 Separat

18.1 Internd

| wiring shall have insulation rated for the potential involved and the temperatu
cted. The wiring shall be routed away from moving parts and sharpprojection
Mps, string ties, or the equivalent, unless of sufficient rigidity to retain a shaped f

or a cable assembly connected to a part mounted on a hinged cover shall be

secured or equivalently arranged to reduce the likelihdod of abrasion of the i
e leads between parts of the enclosure.

on, such as coated fabric and extruded tubing;’shall be rated for the temperg
| conditions to which it may be subjected in-the intended use of the unit.

wvay shall be smooth and free from sharp edges, burrs, fins, moving parts, and
rasion of conductor insulation.

e or connection shall be mechanically secure and bonded electrically.

ded conductor clamped Under a wire-binding screw or similar part shall have
red together or equivalently arranged.

b shall be provided with insulation equivalent to that of the wires involved.

on of Circuits

re to which it
5 and held in
orm.

of sufficient
ections. The
sulation and

ture or other

the like, that

he individual

routing, or otf

potential involved.

l.wiring of circuits that operate at different potentials shall be separated by bariiers, clamps,

mmwmmmmmmﬁq

r the highest

18.2 A metal barrier used to provide separation between the wiring of different circuits shall have a
thickness at least equal to the applicable minimum value specified in Table 6.2. A barrier of insulation
material shall not be less than 0.028 inch (0.71 mm) thick and shall be of greater thickness if its
deformation may be readily accomplished so as to defeat its purpose. The clearance between the edge of
a barrier and a compartment wall shall not be more than 1/16 inch (1.6 mm).

19 Bonding for Grounding

19.1 An exposed dead metal part that could become energized shall be bonded to the point of
connection of the equipment grounding terminal or lead, and to the metal surrounding the knockout, hole,
or bushing provided for field power-supply connections.
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19.2 Anuninsulated dead metal part of a cabinet, electrical enclosure, motor frame or mounting bracket,
capacitor, or other electrical component shall be bonded for grounding if the part may be contacted by the
user or by service personnel when servicing the unit.

Exception No. 1: An adhesive-attached, metal-foil marking, screw, handle, or the like, that is located on
the outside of an enclosure or cabinet and isolated from electrical components or wiring by grounded
metal parts so that it is not likely to become energized, need not be bonded.

Exception No. 2: An isolated metal part, such as a relay frame or armature, assembly screw, or the like,
that is separated from both wiring and uninsulated live metal parts need not be bonded.

Exception Ng—3- panelorcover that does not-encloseuninsulatedlive parts heec be bonded if
wiring is separated from the panel or cover so that it is not likely to become energized.

Exception N
wiring by an
not less than

D. 4: A panel or cover need not be bonded if it is insulated from elegtrical con
nsulating barrier of vulcanized fiber, varnished cloth, phenolic comp@sition, or s
1/32 inch (0.8 mm) thick and secured in place.

nponents and
imilar material
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Hing means may be used as an electrical conductor. If of ferraus metal, it shal
bsion by painting, plating, or a means determined to big“equivalent. A sepa
all be installed so that it is protected from mechanical.damage.

onding shall be by a positive means, such as\by clamping, riveting, bolte

g around a resilient mount shall not depénd on the clamping action of rub

for penetrating nonconductive ¢éatings as required in 19.4.

bonding means depends-upon screw threads, either two or more screws or two
v engaging metal may be-Gsed.

bl-to-metal hingebearing member for a door or cover may be used as a mean
pver for grounding, if a multiple bearing-pin type (piano-type) hinge is used.

lip-joint~or- similar hinge-bearing members need not comply with this requi
ptween-the two parts connected by the bonding element is not more than 0.1 ohn

be protected
rate bonding

i or screwed

razing, or welding. The bonding connection shall penetrate nonconductive cogtings such as

ber or similar

bd or screwed connection that incorporates a star washer or serrations under the screwhead

full threads of

s for bonding

rement if the
.

19.8 Thesi
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be based on

the rating of the branch-circuit overcurrent device by which the unit will be protected. The size of the

conductor sh

all be as specified in Table 19.1.

19.9 A conductor, such as a clamp or strap, used in place of a separate wire conductor may be used, if
the minimum cross-sectional conducting area of the bonding means is not less than that of the wire
specified in Table 19.1.

19.10 Aspl

19.11

ice shall not be used in a wire conductor used for bonding.

integrity of nonmetallic material.

The electrical continuity of the bonding system of a product shall not rely on the dimensional
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Table 19.1
Bonding wire conductor size

Size of bonding conductor?
Rating of overcurrent device, Copper wire, Aluminum wire,
amperes AWG (mm?) AWG (mm?)
15 14 2.1 12 3.3
20 12 3.3 10 53
30 10 5.3 8 8.4
40 10 53 8 8.4
60 10 5.3 8 8.4
100 8 8.4 6 13.3
200 6 13.3 4 21.2
2 Or equivalent cross-sectional area.
COMPONENT[S - ELECTRICAL
20 General
20.1 Mounting of components
20.1.1 A stdtionary part that supports a moving compongnt'shall be securely mounted in|position and
prevented from loosening or turning by means other than friction between surfaces.
20.1.2 An yninsulated live part shall be securedsto the base or mounting surface so that it will be

prevented fro
the required 1

20.1.3 Fricti

Im turning or shifting in position, if such motion may result in a reduction of sp
hinimum values. See Spacings, Section 29.

pon between surfaces may-noi'be used as a means to prevent turning, loosenirn

hcings below

g, or shifting

of a part as rgquired in 20.1.1 and 20.1.2; but a toothed-lock washer that provides both spring take-up and
an interferenge lock or equivalent méans may be used.

20.2 Insulating materials

20.2.1 A base for the-support of live parts shall be noncombustible, moisture-resistgnt insulating
material, sudgh as porcelain, phenolic or cold-molded composition, or a material deternined to be
equivalent.

20.2.2 Among the factors to be considered in judging electrical insulation are:

a) Mechanical and electrical strength;

b) Resistance to burning, moisture, arcing, and creep (flow due to stress); and

c) Thermal endurance at temperatures encountered in intended use.

See the Polymeric Materials Tests, Section 38.

20.2.3 A base mounted on a metal surface shall be provided with an insulating barrier between the
mounting surface and all live parts on the underside of the base that are not staked, upset, sealed, or
equivalently prevented from loosening so as to prevent such parts and the ends of replaceable terminal
screws from coming in contact with the supporting surface.
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20.2.4 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, but not
for the sole support of live parts if shrinkage, current leakage, or warping of the fiber may introduce a risk
of fire or electric shock.

20.2.5 A countersunk sealed live part shall be covered with a waterproof insulating compound that will
not melt at a temperature 15°C (27°F) higher than the maximum normal operating temperature of the
assembly, and at not less than 65°C (149°F) in any case. The depth or thickness of sealing compound
shall not be less than 1/8 inch (3.2 mm).

20.2.6 The thickness of a flat sheet of insulating material, such as phenolic composition, or the
equivalent, used for panel-mounting of parts, shall not be less than the applicable value specified in Table
20.1.

Table 20.1
Thickness of flat sheets of insulating material
Maximum dimensions
Length or width, Area, Minimum thickpess,®

inches (cm) inches? (cm?) inch (mm)

24 60.9 360 2,322 3/8 9.5

48 122.0 1152 7,432 1/2 12.7

48 122.0 1728 11,148 5/8 15.9
Over 48 122.0 Over 1728 Over11,148 3/4 19.1

@ Material less than 3/8 inch (9.5 mm) but not less than 1/8 inch (3.2/mi) thick may be used for a panel if the panel is supported or
reinforced to pfovide rigidity not less than that of a 3/8 inch sheet, Material less than 1/8 inch thick may be used for pubassemblies,
such as suppofts for terminals of internal wiring, resistors, and.ether components.

20.2.7 A small conforming-shaped insulating cover, such as might be secured over| an exposed
transistor or pther small component, theomission of which may increase the risk of electri¢ shock to the
user or servigce personnel, shall be secured to the component so that it is not likely to be disgarded during
intended us€ or servicing, and shall.comply with the following:

a) Its[removal shall be required only during servicing or replacement of the component it covers
and

b) It shall not bé essential to the intended functioning of the unit.

20.3 Currert-carrying parts

20.3.1 A current-carrying part shall be of silver, copper, copper-alloy, or equivalent.
20.3.2 A bearing, hinge, or the like, shall not be for use as a current-carrying part.
20.4 Bushings

20.4.1  Ahole in a wall or partition through which insulated wires or flexible cords pass and on which they
may bear shall have smooth, rounded surfaces to prevent abrasion of the insulation. If used, a bushing
shall be ceramic, phenolic or cold-molded composition, fiber, or other material that has been determined to
be equivalent. Polymeric material shall not be clamped so as to cause cold-flow of the material that could
result in risk of fire or electric shock.

20.4.2 If a hole through which a wire or cord passes is in phenolic composition or other intended
nonconducting material, a smooth, rounded surface is considered to be the equivalent of a bushing.
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20.4.3 Ceramic materials and some molded compositions may be used for insulating bushings, but
bushings of wood and of hot-molded shellac shall not be used.

20.4.4 Vulcanized fiber may be used where it will not be subjected to a temperature higher than 90°C
(194°F) under intended operating conditions if the bushing is not less than 3/64 inch (1.2 mm) thick and

will not be exposed to moisture.

20.4.5
projections, a

nd the like, that could cut into the rubber.

If a soft rubber bushing is used in a hole in metal, the hole shall be free from sharp edges, burrs,

20.4.6 An insulated metal grommet may be used in lieu of an msulatlng bushlng if the insulating material

|t is mounted

metal in whic
21 Switchep
21.1 A switgh provided as part of the unit shall have a current and voltage rating not less th

circuit it contr
21.2 A switd

Exception: A

a) Thd
switch

b) The

c) The

bls when the unit is operated under any condition of intended service.
h shall be prevented from turning in accordance with 20.1() - 20.1.3.

switch need not be prevented from turning if:

b switch is of a plunger or other type that does-hot tend to rotate when opera
is considered to be subject to forces that tefd to turn the switch during operatio

means of mounting the switch makes:it:unlikely that operation will loosen the s\

spacings are not reduced below,thé minimum required values if the switch does

22 Lampholders and Lamps

221 Alamg

holder and lamp shall be rated for the circuit in which they are used when the un

under any condition of intended-service.

22.2 A lamg
screw shell w|

holder in a<high-voltage circuit shall be installed so that uninsulated live parts
Il not be éxposed to contact by persons removing or replacing lamps.

such as a ne

nmet and the

an that of the

fed (a toggle
-

itch; and

rotate.

it is operated

other than a

be replaced,
need not be

22.3 With riference to 20.1.1 — 20.1.3, a lampholder of a type in which the lamp cannot

n\pilot or indicator light in which the lamp is sealed in by a nonremovable jewel

prevented from turning if rotation cannot reduce spacings below the minimum required values.

224 Anindi

cator lamp shall be color coded as follows:

a) Red for alarm;

b) Yellow or amber for trouble; and

c) White or green for power on.

Exception: Color coding need not be provided if a marking adjacent to the indicator lamp identifies the
lamp function.
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23 Transformers and Relays
23.1  Aninput supply line voltage transformer shall be of the two-coil or insulated type.

Exception: An autotransformer may be used if the terminal or lead common to both input and output
circuits is identified for connection to a grounded conductor and the input circuits are located within the
enclosure containing the autotransformer. See 17.1 for further internal wiring specifications.

23.2 A caoil shall be treated with a film coating and baked or otherwise impregnated to exclude moisture.

23.3 Film-coated or equivalently coated wire is not required to be given additional treatment to prevent
moisture ab

m
I'PUuUrT.

24 PrintedtWiring Boards

241 A printed wiring board shall comply with the applicable requirements imthe Standard for Printed-

Wiring Boarg
and the spag
shall be sect
board orind

24.2 A prinfed-wiring board shall comply with the flammability teqtirements in 6.1.5.

s, UL 796. The securing of components to the board shall be made in the inte
ings between circuits shall comply with the requirements for Spacings, Section }
rely mounted so that deflection of the board during servicing-will not result in d
bvelopment of a risk of fire or electric shock.

nded manner
9. The board
amage to the

25 Protectjve Devices

251 A fusgholder shall be of either the cartridge«&nclosed or plug-fuse type. A plug fuse shall not be
used in a unif rated at more than 125 or 125/250 valts.

25.2 A fusgholder, fuse, or circuit breaker, shall be rated for the application.

26 Overcufrent Protection

26.1 A battery, other than a primiary battery having an open-circuit potential of 30 volts or|less, shall be
protected by| a fuse or othér,overcurrent protective device rated at not less than 150 percent of the
maximum operating load on the battery.

26.2 If a fuse or other overcurrent protective device is provided in the supply circuit of a unit, the device
shall have a fating not less than 150 percent of the rating of the unit.

27 Storage Batteries

271

A battery shall be located and mounted so that terminals of cells will be prevented from coming in

contact with terminals of adjacent cells or with metal parts of the battery enclosure as a result of shifting of
the batteries. The mounting arrangement shall permit access to the cells for checking the specific gravity
of the electrolyte.

27.2 A conditioning charge shall be limited so that, with the maximum rate of charge that can be
obtained, the battery gases will not adversely affect any part of the unit. The trickle and fast charge rates of
a battery shall not exceed the battery manufacturer's recommended rates.
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28 End-of-Line Devices

28.1 An end-of-line device intended for connection to a circuit by conduit or metal-clad cable shall be
arranged for mounting inside a metal box to which such connection can be made. Mounting on an outlet
box together with provision of field-wiring terminals or leads or an equivalent arrangement may be
performed.

28.2 A device intended for installation inside a detector base shall be provided with splice leads, spade
type terminals with upturned lugs, or the equivalent, for making field connections. The exposed live parts
of the assembly, except for the connection portion of the terminal, shall be covered with insulating tubing at
least 0.013 inch (0.33 mm) thick, or the equivalent.

29 Spacinds

29.1 The spacings between an uninsulated live part and:
a) Awgall or cover of a metal enclosure;
b) A fifting for conduit or metal-clad cable; and

c) A metal piece attached to a metal enclosure, where defoermation of the enclosure is likely to
reduc¢ spacings,

shall not be Igss than the applicable value specified in Table 29:1.

Table 29.1
Minimum:spacings
Minimum spacings Minimum gpacings over
through air, surface,
Point of application Voltage range, volts inch? (mm) inch? (mm)
To walls of enclpsure:
Cast metal enclosures 0-300 1/4 6.4 1/4 6.4
Sheet mettal enclosures 0-50 1/4 6.4 1/4 6.4
51-300 1/2 12.7 1/2 12.7
Installation wirifhg terminals¢(general
application):®®
With barriers 0-30 1/8 3.2 3/16 4.8
31-150 1/8 3.2 1/4 6.4
151 -300 1/4 6.4 3/8 9.5
Without barriers 0-30 3/16 4.8 3/16 4.8
31-150 1/4 6.4 1/4 6.4
151 -300 3/8 9.5 3/8 9.5
Rigidly clamped assemblies:®
100 volt-amperes maximum® 0-30 1/324 0.8 1/32¢ 0.8
Over 100 volt-amperes 0-30 3/64 1.2 3/64 1.2
31-150 116 1.6 116 1.6
151 -300 3/32 24 3/32 2.4
Other parts 0-30 116 1.6 1/8 3.2
31-150 1/8 3.2 1/4 6.4

Table 29.1 Continued on Next Page
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Table 29.1 Continued

Minimum spacings Minimum spacings over
through air, surface,
Point of application Voltage range, volts inch® (mm) inch? (mm)
151 —300 1/4 6.4 3/8 9.5

@ Measurements are to be made with solid wire having rated ampacity for the applied load connected to each terminal. In no case
shall the wire be smaller than 18 AWG (0.82 mm?).

b Spacing requirements apply also to solder-type terminals described in 14.3.1(e).
¢ Rigidly clamped assemblies include such parts as contact springs on relays or cam switches, printed-wiring boards, and the like.
4 Spacings less than those indicated, but not less than 1/64 inch (0.4 mm), may be used for the connection of integrated circuits

and similar components where the spacing between adjacent connecting wires on the component is less than 1/32 inch (0.8 mm).

29.2 The spacings between an uninsulated live part and:

a) An
b) An

c) An

shall not be Igss than the applicable value specified in Table 29.1.£See also 29.4 and 29.6.

29.3
signaling op
such parts sk

294 The s
judged unde
29.1.

29.5 Film-g
requirements

29.6 Minim
as a potent
component
requirements

If a sllort circuit between uninsulated live parts of«the*same polarity would prevent

uninsulated live part of opposite polarity;
uninsulated grounded part other than the enclosure; and

exposed dead metal part that is isolated (insulated),

ration of the unit without simultaneously preducing an alarm signal, the spac
all not be less than the applicable value specified for "Other Parts" in Table 29.1

bacings within a snap switch, lampholder, or similar device supplied as part
I other requirements for such devices and need not comply with the requirem

pated wire is consideredan uninsulated live part in determining compliance
, but a film coating may be used as turn-to-turn insulation in coils.

um values of spacings are not specified for a socket or similar related compon
ometer, and.the like, used in an electronic circuit. However, if the spacin
jo not comply with the requirements in 29.2 — 29.5, the circuit shall con
in the\Dielectric Voltage-Withstand Test, Section 48.

29.7 An ing

the intended
ngs between

of a unit are
ents in Table

with spacing

bnt part, such
js in such a
nply with the

dlating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic cg

mposition, or

similar material used where spacings would otherwise be insufficient, shall not be less than 0.028 inch
(0.71 mm) thick.

Exception: A liner or barrier not less than 0.013 inch (0.33 mm) thick may be used in conjunction with an
air spacing of not less than one-half of the through air spacing required, if the liner is located so that it will
not be subjected to the direct effects of arcing.

OPERATING COMPONENTS

30 General

30.1

30.2 A moving part shall have sufficient play at bearing surfaces to prevent binding.

A cam or similar part shall be securely fastened to prevent independent turning or loosening.
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30.3 An adjusting screw or similar adjustable part shall be prevented from loosening under the conditions
of intended use.

30.4

maintained under all conditions of intended use.

INTERCONN
31 General

311 Cords

ECTION OF UNITS

and plugs

Interrelated operating parts shall be formed and assembled so that their alignment will be

31.1.1 At
may be provi

31.1.2 The
necessity of if

31.2 Strain

31.2.1 Strai
transmitted to

31.22 Ifak

nie stamp or similar device supplied as a part of a unit and that is not intendedhto

ed with a cord and cord connector for connection of the combination.

nvestigation of such a feature is to include consideration of the utility of the de
s being readily detachable.

relief

n relief shall be provided so that a mechanical stress'on a flexible cord or cab)
terminals, splices, or interior wiring. See the StrainRelief Tests, Section 50.

not in a flexible cord serves as strain relief,the surface against which the knot

with which it fnay come in contact shall be free from projections, sharp edges, burrs, fins, and

may cause al

rasion of the insulation on the conductars.

31.2.3 Means shall be provided to prevent a. flexible cord from being pushed into the uni

cord-entry ho

e if such displacement is likely to:

a) Subject the cord to mechanical damage or to exposure to a temperature higher

which

b) Is |

PERFORMA

32 General

the cord is rated or

NCE

be stationary,

vice and the

e will not be

may bear or
the like, that

through the

than that for

kely to reduce spacings, such as to metal strain relief clamp, below the mininhum required
valueg.

32.1

unless otherwise specified.

Samples that are fully representative of production are to be used for each of the following tests

32.2 The initiating devices used for the following tests are to be those specified by the wiring diagram of
the unit. However, substitute devices may be used if they produce functions and conditions equivalent to

those obtaine

d with the loads intended to be used in service.

32.3 The alerting devices (bells, horns, and the like) used for testing are to be those specified by the
wiring diagram of the unit, except that substitute devices may be used if they produce equivalent signal
indication and circuit loading. Substitute load devices are considered to be those found by investigation to
provide the same load conditions as those obtained with the devices intended to be used with the unit in

service.
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324
tested in that

position.

If a unit is intended to be mounted in a specified position in order to function as intended, it is to be

32.5 Unless specifically noted otherwise, the test voltage for a unit is to be as specified in Table 32.1, at
rated frequency.

Table 32.1
Test voltages
Nameplate voltage rating? Test voltage
1100 120 120
220 to 240 240
Other Marked nameplate rating
Battery circuit Nominal battery~voltage

2 Products ratg

d at frequencies other than 60 hertz are to be tested at their rated nameplate voltage and frequency.

33 Normal

33.1 A mor
initiating dev
installation w

33.2 Initiati
specified by
operated for

33.3 Initiall
present.

33.4 An alg
within 90 se
manually silg

33.5 Thevi
the like. If th
obtain a disp
visually distir

Operation Test

itor shall operate for all conditions of its intended perfermance when used in co
ces, alerting devices, and power supplies to form a‘combination of the type ind
ring diagram.

Ng devices, alerting devices, and power supply circuits are to be connected
the installation wiring diagram to form*a. typical combination, and the unit
cach condition of its intended performanece.

, the unit is to be in the normal=standby condition. A visual "power on" indic

conds of initiation by an audible and visual signal. The audible signal shal
nced.

sual signal required in 33.4 may be by a lamp, display on a CRT, presentation g
e status_Of'the initiating device circuit is not shown at all times, means shall b
ay of all-eircuits that are in alarm or trouble. Initiating circuit alarm and trouble si
ct from each other.

njunction with
icated by the

o the unit as
s then to be

ation is to be

rm in any initiating circuitof 5 or more continuous seconds shall be indicated at the monitor

persist until

n a printer, or
e available to
gnals shall be

33.6 A common audible signal may indicate both alarm and trouble conditions. If a silencing feature is
provided, operation of the feature in conjunction with one status change shall not prevent the audible
signal from reenergizing due to any subsequent status change.

33.7

If a monitor oversees supplementary functions, such as room status, housekeeping, or the like, a

fire alarm signal shall take precedence or be clearly recognizable over any other signal, even if the nonfire-
alarm signal is initiated first.

33.8

If the "off-normal" position of any normally preset mechanism or similar part of a unit requires

manual restoration in order to permit signaling performance of the unit, such position shall be indicated by
a visual or audible trouble signal.
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34 Electrical Supervision Test

34.1 The circuits and functions of a monitor and related accessories specified in (a) — (h) shall be
electrically supervised to indicate the occurrence of any of the following fault conditions by means of a
visual and audible trouble signal at the unit. The trouble signal shall be given within 24 hours from the
occurrence of the fault. The trouble signal shall be distinctive from an alarm signal and shall identify the
location of the fault.

a) A ground fault that prevents operation or an open circuit in any initiating or signaling circuit.
b) Loss of primary operating power to the unit or accessory.

c) Logs—c

eratie - Ay —StT nat utilizes a
primaty battery and prowdes a Iow battery S|gnal

d) Rupture of any fuse, if the rupture prevents normal operation.
e) For|a program-controlled unit, failure to execute its program cycle.

f) A ground fault that prevents operation or an open circuit in an alarm-alerting device|circuit, other
than aft an alerting device included as part of the unit or intended to be installed in the game area as
the unjt, and the interconnecting wiring for which it is intended-to-be installed in conduit.

g) A short circuit, a break, or a ground fault in a circuit for supplementary signals unlesgs the fault in
no waly affects the normal operation of the unit except:for omission of the supplementary feature.
An overcurrent protective device provided for supplementary circuit protection and rglied upon for
compllance with this requirement shall be noninterehangeable.

h) Failure of a cooling fan motor that wouldtresult in temperatures exceeding those specified in
Table B9.1.

34.2 A single break or a single ground fault'in any external circuit or interruption and restdration of any
source of elegtrical energy connected to.a-unit shall not cause an alarm signal.

34.3 A multiple ground fault or ‘short circuit fault on conductors extending from a circuit|intended for
connection tq limited energy cable and that would prevent proper alarm operation shall resuilt in either a
trouble signallor an alarm signal.

34.4 Failurd of electrofiic components, such as opening or shorting of capacitors, shall either have no
adverse effedt on normal operation or be indicated by a trouble or alarm signal.

345 Ifitis ) pe used. The
reliability of the component may be based on deratlng or on rellablllty data recorded for the particular
component. See the Temperature Test, Section 39.

35 Input and Output Characteristics Test

35.1 The input or output current of each circuit of a monitor shall not exceed the marked rating of the unit
by more than 10 percent when the unit is operated under the conditions of intended use.

35.2 The measured voltages at the output circuits, with the minimum or maximum (rated) loads applied
and while the unit is energized at 85 to 110 percent of rated voltage, shall be compatible with the rating of
the device or appliance intended to be connected to the circuit.

35.3 The power supplied by a power-limited circuit shall comply with the requirements in Power-Limited
Circuits, Section 36.
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36 Power-Limited Circuits
36.1 General

36.1.1 All field wiring circuits that derive energy from power sources connected to a product shall be
classified as power-limited or nonpower-limited circuits. A circuit shall be considered nonpower-limited
unless otherwise identified in the installation documentation and marking on the product.

36.1.2 The power source(s) supplying a power-limited circuit shall be either inherently limited requiring
no overcurrent protection or limited by a combination of a power source and overcurrent protection such
that a power-limited circuit shall have electrical characteristics as described in Table 36.1 for AC circuits or
Table 36.2 forDC circuits-

Table 36.1
Power limitations for alternating-current fire protective signaling-circuits
Inherently limited power source Not inherently limited pgwer source
(overcurrent protection not required) (overcurrent protectior| required)
Over Over Over Over
Circuit Voltage Vpa,” 0-20 20-30 30-100 0-20 20-100 100 - 150
Power limitations (VA)nax® (VOlt- - - - 2509 250 NA
amps)
Current limitatigns |,,,,° (amps) 8.0 8.0 160\ hax 1000/V pax 1000/V ax 1.0
Maximum overgurrent protection - - - 5.0 100/V nax 1.0
(amps)
Power source VA (volt- 5.0 X Vax 100 100 5.0 X Vax 100 100
maximum amps)
nameplate ratirlgs | on 5.0 100V, 100V, 5.0 100V, 100V,
(amps)

@V nax is the mgximum output voltage regardless-of load with rated input applied.

b (VA)may is the maximum volt-ampere output aftér 1 minute of operation regardless of load and with overcurrent protection
bypassed if usqd. Current-limiting impedance,shall not be bypassed when determining I,,.x and VA -

© lmax is the maximum output current undér any noncapacitive load, including short circuit, and with overcurrent protgction bypassed
if used. If a tranjsformer limits the output'current, |, limits apply after 1 minute of operation. If a current-limiting impgdance,
determined to e suitable for the purpose, is used in combination with a nonpower-limited transformer or a stored efergy source,
such as a storage battery to limit,the output current, the limits apply after 5 seconds of operation.

4 If the power spurce is a trarisformer, (VA)max is 350 or less when Vi, is 15 or less.

Reproduced in part frem:thie National Electrical Code, ANSI/NFPA 70, copyright National Fire Protection Association, Batterymarch
Park, Quincy, MA 02269.
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Table 36.2
Power limitations for direct-current fire protective signaling circuits
Inherently limited power source (overcurrent Not inherently limited power source
protection not required) (overcurrent protection required)
Over Over Over Over Over
Circuit voltage Vya,” 0-20 20 - 30 30-100 100- 200 0-20 20 -100 100 — 150
Power limitations (VA)max’ - - - - 250¢ 250 NA
(volt-amps)
Current limitations I,4,° 8.0 8.0 150/V ax 0.030 1000/V ax 1000/V ax 1.0
(amps)
Maximum overcurrent — = = = 50 1007V, 1.0
protection (amp#)
Power VA (volt- 5.0 * Vinax 100 100 0.030 x Vyax | 5.0 % Vppay 160 100
source amps)
nmaarf]'e’?)?;?e Current 5.0 100N,y | 100/, 0.030 5.0 x 100V, | | 100V,
: (amps)
ratings

8V nax is the ma

1

if used. If a tran

B (VA)may is the 1
bypassed if use

max 1S the max
determined to b
such as a storag
9 If the power so

imum output voltage regardless of load with rated input applied.

haximum volt-ampere output after 1 minute of operation regardless of load and with overcurrent prot
. Current-limiting impedance shall not be bypassed when determining | ¢z 'and VA .-

mum output current under any noncapacitive load, including short circuit, and with overcurrent prote
former limits the output current, |, limits apply after 1 minute of.operation. If a current-limiting imp¢g
b suitable for the purpose, is used in combination with a nonpower-limited transformer or a stored en
e battery to limit the output current, |5, limits apply after 5 seconds of operation.

urce is a transformer, (VA)ax is 350 or less when V., is 15 or less.

ection

rtion bypassed
dance,
ergy source,

Reproduced in {
Park, Quincy, M

art from the National Electrical Code, ANSI/NFPA 70;.copyright National Fire Protection Association
A 02269.

, Batterymarch

36.1.3 With

a) Tra

b) A th

c) Cin
tempe

d) Cufrent limjting-impedances determined to be suitable for the application (positive
coeffig

36.1.4 With

regard to 36.1.2, means for current limiting that may be used include:

nsformer winding impedance;

ermal link embedded within the winding overwrap of a transformer;

cuit components_ (resistors, regulators, transistors, and the like) that com

rature test under.l,,,, condition; and

ient varistor, and the like).

ply with the

temperature

regard to 36.1.2, the following means of current limiting shall not be used:

a) Circuit component burnout,

b) Permanent (soldered-in and the like) or replaceable fuses,

¢) Opening of conductors on printed circuit boards, or

d) Opening of internal wiring conductors.

36.1.5 The overcurrent protection device specified in 36.1.2 shall be of the noninterchangeable type
such that it cannot be renewed in the field with an overcurrent device having a higher current rating.

36.1.6

If the product contains a float battery charger, Viyax Imax, @nd VA, measurements are to be

conducted with both AC and battery connected to the product. If the product contains a battery transfer
relay or contains a trickle charge battery circuit, measurements of V., lhax, and VA,.x are to be
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conducted with the product first energized only from the AC power source and then repeated with the
product energized solely from the battery. The battery used during these measurements is to have the
largest capacity as specified in the manufacturer's installation document.

36.1.7 When conducting |,.x and VA.x measurements, all overcurrent protection devices of the product
are to be short-circuited. All current limiting devices are not to be bypassed and are to be allowed to
remain functional.

36.2 Maximum voltage

36.2.1 When the product is energlzed onIy from |ts rated primary power source, the output voltage of the
circuit under r open circuit

conditions.
product inco
energized sQ
Viax Vvalue
requirements

he maximum voltage recorded under these two cond|t|ons is to be conS|dere
rporates a secondary source of supply, this test is to be repeated with thg
lely from the secondary power source and with the primary power source-discg
pbtained from each power source is to be considered separately when
specified in Table 36.1 or Table 36.2.

36.3 Maximum current

36.3.1 In g
connected a

rder to determine compliance with the I, limitation, a variable load resi
Cross the circuit. While monitoring the current throughthe load resistor, the loag

be adjusted from open circuit to short circuit as quickly as possible and the highest current r|

The load reg
maintained
determined i

36.3.2

If the

istor is then to be readjusted to produce the\highest current obtained. This

gnd the current through the load resistor is o be measured after 1 minute or

N Table 36.1 or Table 36.2.

maximum current through the load resistor cannot be maintained for 5 se

current limitipg devices (opening of thermal Jink, power supply foldback, PTC varistor affect,

the circuit lo
indicated in T

hd resistor is to be adjusted«to a value that will produce a current just above
[able 36.1 or Table 36.2. The-results are in compliance if the |,,, value stated in

Table 36.2 ca

36.3.3 Ifa
transformer
minute. The
limitations as

36.4 VA,

nnot be maintained for more than 5 seconds.

transformer limits the value of |, and if |, cannot be maintained for 1 n
burnout, a plot{ of current versus time is to be generated and the graph extr,
results are in.compliance if the extrapolated value of |5, at 1 minute does not e
indicated.in-Table 36.1 or Table 36.2.

(not inherently limited circuits only)

d Vpax If the
2 control unit
nnected. The
applying the

stor is to be

resistor is to
bading noted.
load is to be
b seconds as

conds due to
and the like),
he |,.x vValue
Table 36.1 or

hinute due to
ppolated to 1
ceed the I ax

36.4.1

The product is to be energized from a rated source of supply and the circuit under test open-

circuited. A variable load resistor, initially set to draw rated circuit current, is then to be connected across
the circuit. The circuit voltage and current are to be recorded and the load is to be removed. The
resistance of the load is then to be decreased, momentarily reconnected across the circuit while recording
the voltage and current, and then removed. This procedure is to be repeated until the load resistance has
been reduced to a short circuit. Using the recorded voltage and current, the volt-ampere output under each
load condition is to be calculated. The load resistor is then to be adjusted to that value which produced the
maximum volt-ampere calculated and connected to the circuit. After 1 minute, the voltage and current are
again to be measured. The results of this test are in compliance if the calculated volt-ampere output of the
circuit after 1 minute does not exceed the values specified in Table 36.1 or Table 36.2, as appropriate.
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37 Mechanical Strength Tests
37.1 Jarring — complete unit

37.1.1 A monitor shall withstand jarring resulting from impact and vibration without causing signaling
operation of any part and without impairment of its intended operation.

37.1.2 The unit (and associated equipment, if any) is to be mounted as intended to the center of a 6- by
4-foot (1.83- by 1.23-m), nominal 3/4-inch (19.1-mm) thick plywood board which is to be secured in place
at four corners. A 3 foot-pound (4.07 J) impact is to be applied to the center of the reverse side of this
board by means of a 1.18-pound (0.54-kg), 2-inch (51-mm) diameter steel sphere either:

a) Sw1|mg through a pendulum arc from a height of 2.54 feet (775 mm) or

b) Dropped from a height of 2.54 feet, depending upon the intended mounting of the unit.

See Figure 37.1.

37.1.3 The ynitis to be in the supervisory condition during the test.

Figure 37.1

Jarring test

Steel Sphere

y Radii
g pd __
7 el n | f
~ W~ |
: B £ | h
~ |
- Product Under Test | l
- ]
g ‘\‘/Q
: Tr7rrrrrrrrrrrrriri
(1) (2)
Test Method For Unit Test Method For Unit
Intended to be Mounted Intended to be Mounted
Vertically Horizontally
IP110

37.2 Impact — glass parts

37.2.1 A decorative glass part mounted as intended that has:

a) An area greater than 1 square foot (0.093 m?) or
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b) A major dimension greater than 18 inches (457 mm),

shall withstand an impact as described in 37.2.2 without displacement, breakage, or shattering (either
partial or total) that may result in the risk of an injury to persons.

37.2.2 The impact required in 37.2.1 is to be delivered by a 1.18 pound (0.54 kg), 2-inch (51-mm)
diameter steel sphere either:

a) Swung through a pendulum arc from a height of 25-1/2 inches (648 mm) or

b) Dropped from a height of 25-1/2 inches, directly on or near the center of the glass part.

38 Polymeric Materials Tests

38.1 Polymeric material used as an enclosure, or for the support of current-carrying parts| shall comply
with the appl|icable requirements in the Standard for Polymeric Materials — Use,in) Electrigal Equipment
Evaluations, [UL 746C.

39 Temperature Test

39.1 The materials used in the construction of a monitor or accessory shall not attain a temperature rise
greater than fhat specified in Table 39.1 under any condition of intended operation.

Table 3941
Maximum temperature rises
Normal standby Alarfm condition
(continuous), (short term),
Device or material °C (°F) °C (°F)
A. MOTORS
1. Class A insulation systems on coil windings of alternating-current
motors:
a) In gpen motors and on vibrator coils
Thermocouple or resistance method 75 135 75 135
b) In tetally enclosedimotors
Thermocouple er resistance method 80 144 80 144
2. Class Hinsulation systems on coil windings of alternating-current
motors:
a) In opeA-motors:
Thermocouple or resistance method 95 171 95 171
b) In totally enclosed motors:
Thermocouple or resistance method 100 180 100 180
B. COMPONENTS
1. Capacitors® 25 45 40 72
2. Fuses 25 45 25 45
3. Rectifiers — at any point:
a) Germanium 25 45 50 90
b) Selenium 25 45 50 90

Table 39.1 Continued on Next Page
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Table 39.1 Continued
Normal standby Alarm condition
(continuous), (short term),
Device or material °C (°F) °C (°F)
c) Silicon 25 45 75 135
4. Relays and other coils with:
a) Class 105 insulated windings:
Thermocouple method 65 117 65 17
Resistance method 75 135 75 135
b) Class 130 insulated windings:
Thermocouple method 85 153 85 153
Ressistance method 95 171 95 171
5. ResistoI”:
a) Carfjon 25 45 25 45
b) Wird wound 50 90 325 585
6. Sealing fompounds See note (e)
7. Solid-stdte devices See note (a) or (c)
C. INSULATED|CONDUCTORS |
1. Appliange wiring material 25°C (77°F) less than the established
temperature rating of thg wire
2. Flexible cord — Types SJD, SJT 35 63 35 63
D. ELECTRICAL INSULATION — GENERAL
1. Fiber uspd as electrical insulation or cord bushings 25 45 65 117
2. Phenoli¢ composition used as electric insulation or as‘parts where 25 45 125 225
failure will fesult in a risk of fire, electric shock, or injury to persons
3. Printed \viring boards Based on maximum use temperature rating of
printed-wiring board maerial
E. GENERAL
1. Mounting 25 45 65 117
2. Wood ol other combustible material 25 45 65 117
3. Enclosufe surfaces 40 72 40 72
2 In lieu of complying with these.temperature limits, these components may be evaluated in accordance with the applicable
sections of Cat]No. RDH-376;-Reliability Design Handbook (March 1976), IIT Research Institute.
® In lieu of complying with these temperature limits, a resistor may be used if it dissipates no more than one-half of it maximum
power rating under the\test condition specified.
¢ The temperatyre.of a solid-state device (transistor, SCR, integrated circuits), shall not exceed 50 percent of its ratipg during the

normal standb

a) The component complies with the requirements of MIL-STD-883E.

condition. The temperature of a solfd-State device shalf Mot exceed 75 percent of its rated temperature under any
condition of operation which produces the maximum temperature dissipation of its components. For reference purposes, 0°C
(32°F) is to be considered as 0 percent. For integrated circuits, the loading factor shall not exceed 50 percent of its rating under
the normal standby condition and 75 percent under any other condition of operation. Both solid-state devices and integrated
circuits may be operated up to the maximum ratings under any one of the following conditions:

b) A quality control program is established by the manufacturer consisting of inspection and test of 100 percent of all
components, either on an individual basis, as part of a subassembly, or the equivalent.

c) Each assembled production unit is subjected to a burn-in test, under the condition which results in the maximum
temperatures, for 24 hours while connected to a source of rated voltage and frequency in an ambient of at least 49°C (120°F)
followed by an operation test for normal signaling performance.

Table 39.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 1730 2022.pdf

APRIL 11, 2022

UL 1730

45

Table 39.1 Continued

Normal standby Alarm condition
(continuous), (short term),
Device or material °C (°F) °C (°F)

question.

4 For standard insulated conductors other than those mentioned, reference should be made to the National Electrical Code,
ANSI/NFPA 70, the maximum allowable temperature rise in any case is 25°C (77°F) less than the temperature limit of the wire in

¢ Unless a thermosetting material, the maximum sealing compound temperature, when corrected to a 25°C ambient temperature
shall be 15°C (27°F) less than the softening point of the compound as determined by the Standard Test Methods for Softening
Point by Ring-and-Ball Apparatus, ASTM E28.

39.2 Allval
prevailing in
specifically fd
unit is made
39.1aretob
(77°F). A ten
10 percent o

occupiable spaces, and that usually are not higher than 25°C (77°F). If @) ur
r use with a prevailing ambient temperature constantly more than 25°C (77°F),
with such higher ambient temperature, and the maximum temperature rises spe
b reduced by the amount of the difference between that higher ambient tempera
nperature is considered to be constant when three successive readings taken
the previously elapsed duration of the test, but not less than 5minutes, indicate,

39.3 Tempgrature measurements on a unit intended for recessed,mounting are to be madks

installed in a
top, sides, af

39.4 Excep

n enclosure of 3/4 inch (19.1 mm) thick wood having«Clearances of 2 inches (50
d rear, and with the front extended to be flush with‘the unit cover.

t at coils, temperatures are to be measured.by means of thermocouples consi

not larger than 24 AWG (0.21 mm?). The temperature of a coil may be measured

thermocoupl
temperature

39.5 Therm
type alerting
are necessal

39.6 In det

b or resistance method, except that the thermocouple method is not to be er
measurement at any point where supplementary thermal insulation is used.

ocouples consisting of 30 AWG(0.05 mm?) iron and constantan wires and a f
V.

ermining the température of a coil winding by the resistance method, the res

winding at the temperature-to’ be determined is to be compared with the resistance

temperature

by means of the-equation:

At

R
7(k+ t)—(k+1ty)

Lies for temperature rises apply to a unit intended for use with ambient temperatures normally

it is intended
the test of the
cified in Table
ure and 25°C
at intervals of
no change.

e with the unit
8 mm) on the

sting of wires
by either the
nployed for a

otentiometer-

instrument are to be used whenever referee temperature measurements by thermocouples

stance of the
at a known

in which:

At is the temperature rise in degrees C;

R is the resistance of the coil at the end of the test in ohms;

ris the resistance of the coil at the start of the test in ohms;

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum (values of k for other
grades must be determined);

t; is the room temperature at the end of the test in degrees C; and

t, is the room temperature at the start of the test in degrees C.
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39.7 As it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown may be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after the instant of shutdown. A curve of the resistance values and the time may be
plotted and extrapolated to give the value of R at shutdown.

39.8 The circuit of a current-regulating resistor or reactor provided as a part of a unit is to be adjusted for

the maximum

resistance or reactance at normal current.

39.9 For this test, the unit is to be operated:

a) Until constant temperatures are attained in the normal supervisory condition and

b) If th
until a

39.10 For 4
case less tha

39.11 The |
produce the h

39.12 If, du
wiring compal

in accordancg with 53.3.

40 Overvol

40.1 A mon
during the no
condition at tH

40.2 For op
during the no
for alarm-sig
minimum circ

40.3 For op

e unit is intended to produce a continuous signal, for 1 hour in the alarm signa
h actuating device is restored to normal, or a circuit-resetting device is operated

unit having provision for multiple zones, 10 percent of the total number of zon
N three zones, are to be energized during the alarm condition.

nit is to be operated continuously under representative service”conditions tha
ighest temperatures.

ing this test, the temperature on a lead intended to‘be field-installed, or on a g

ing condition
manually.
es, but in no

are likely to

urface of the

rtment which the lead might contact, is more than the 60°C (140°F), the unit shall be marked

age and Undervoltage Operation Test

itor shall withstand 110 percent ofits rated supply voltage continuously with

out damage

Fmal supervisory condition, and the unit shall operate as intended during an alarm signaling

e increased voltage. It shall also-operate as intended at 85 percent of its rated v|

eration at 110 percent of rated voltage, the unit is to be subjected to the incre
'mal supervisory condition until constant temperature of its parts is reached, an
naling conditionsc~For this test, zero line impedance in the initiating device
Lit loads, are to/beused.

eration at85 percent of rated voltage, the unit is to be subjected to the red

during the su
alarm-signali
reduced by

pltage.

ased voltage
0 then tested
circuit, and

Liced voltage

bervisary.condition until constant temperature of its parts is reached and then fested for the

g condition at the reduced voltage. In making the reduced voltage test, the vo
means that will maintain a stable potential of the required value under the

tage is to be
most severe

conditions of normal Toading. The reduced voltage value is to be computed on the basis of the rated
nominal voltage if a storage battery is intended to be used with the unit.

40.4 If the maximum impedance of an initiating circuit extended from a unit is required to be less than
100 ohms in order to obtain successful operation, the reduced voltage test is to be made with the
maximum impedance connected to the circuit. If no impedance limitation is indicated in the marking, 100
ohms is to be used in the initiating device circuit. For a signaling line circuit of a unit, the maximum
impedance indicated on the installation wiring diagram is to be used.

41 Variable Ambient Temperature Test

41.1 A monitor shall operate as intended following exposure to ambient air at temperatures of 49° and
0°C (120° and 32°F).
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41.2 The unit is to be maintained at each temperature until thermal equilibrium has been reached. The
unit then is to be tested to verify intended operation.

42 Humidity Test
42.1 A monitor shall operate as intended after exposure for 24 hours to moist air having a relative
humidity of 85 £5 percent at a temperature of 30 £2°C (86 +3°F). The performance is to be verified with the

unit in the humid ambient.

43 Electric Shock Current Test

43.1 If the
either earth ¢
with the requ

ervicing and
[ shall comply

pUII U;Ibu;t pUtCI |t;a: thVVUUII cul_y pai‘t that ;O UAPUDUd Ull:y dul;lly upclatUI
round, or any other exposed accessible parts, exceeds 42.4 volts peak, the-par
rements in 43.2 — 43.4, as applicable.

43.2 Thec
Table 43.1 w|
and either eg

bntinuous current flow through a 500-ohm resistor shall not exceed-the valuegs specified in
hen the resistor is connected between any part that is exposed only‘during operator servicing
rth ground, or any other exposed accessible part.

Table 43.1
Maximum current during operator. servicing
Maximum current through a 500-ohm resistor,
Frequency, hertz® milliamperes peak
0-100 7.1
500 9.4
1000 1.0
2000 141
3000 17.3
4000 19.6
5000 22.0
6000 251
7000 or more 275
@ Linear interpglation between adjaeent values may be used to determine the maximum current corresponding to frequencies not
shown. The table applies to_répétitive nonsinusoidal or sinusoidal waveforms.

43.3 Thed described in

43.2 shall no

Lirationof a transient current flowing through a 500-ohm resistor connected as
| exceed the value determined by the following equation:

]1 43

T is the interval, in seconds, between the time that the instantaneous value of the current first
exceeds 7.1 milliamperes and the time that the current falls below 7.1 milliamperes for the last time
and

2042

T<
<[

in which:

| is the peak current in milliamperes.
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The current shall not exceed 809 milliamperes, regardless of duration. The interval between occurrences
shall be equal to or greater than 60 seconds if the current is repetitive. Typical calculated values of
maximum transient current duration are shown in Table 43.2.

Table 43.2
Maximum transient current duration
Maximum peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containing excursions
milliamperes greater than 7.1 milliamperes peak

71 7.26 seconds
8.5 5.58
T0.0 T2
12,5 3.21
15.0 248
17.5 1.99
20.0 1.64
225 1.39
25.0 1.19
30.0 919 milliseconds
40.0 609
50.0 443
60.0 341

70.0 274
80.0 226
90.0 191
100.0 164
150.0 92
200.0 61
250.0 44
300.0 34
350.0 27
400.0 23
450.0 19
500.0 16
600.0 13
700.0 10
809.0 8.3

43.4 The maximum capacitance between the terminals of a capacitor that is accessible during operator
servicing shall comply with the following equations:

B 88,400
E'"¥ (In E-1.26)

for 424 <E <400

C=35288E'9%%  for 400 < E <1000

in which:

C is the maximum capacitance of the capacitor in microfarads and
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E is the potential in volts across the capacitor measured 5 seconds after the capacitor terminals are
made accessible, such as by the removal or opening of an interlocked cover or the like.

Typical calculated values of maximum capacitance are shown in Table 43.3.

Table 43.3
Electric shock — stored energy
Potential in volts, across capacitance prior to discharge Maximum capacitance in microfarads

1000 0.868
900 102

800 1.22

700 1.50

600 1.90

500 2,52

400 3:55

380 3.86

360 4.22

340 4.64
320 5.13
300 5.71

280 6.40
260 7.24
240 8.27
220 9.56
200 11.2

180 134
160 16.3
140 20.5
120 26.7
100 36.5
90 43.8
80 53.8
70 68.0

60 89.4

50 124.0
45 150.0
424 167.0

43.5 With reference to the requirements in 43.2 and 43.3, the current is to be measured while the resistor
is connected between ground and:

a) Each accessible part individually and

b) All accessible parts collectively, if the parts are simultaneously accessible.

The current also is to be measured while the resistor is connected between one part or group of parts and
another part or group of parts, if the parts are simultaneously accessible.

43.6 With reference to the requirements in 43.5, parts are considered to be simultaneously accessible if
they can be contacted by one or both hands of a person at the same time. For the purpose of these
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requirements, one hand is to be considered to be able to contact parts simultaneously if the parts are
within a 4 by 8 inch (102 by 203 mm) rectangle; and two hands of a person are considered to be able to
contact parts simultaneously if the parts are not more than 6 feet (1.83 m) apart.

43.7 Electric shock current refers to all currents, including capacitively coupled currents.

43.8 If the unit has a direct-current rating, measurements are to be made with the unit connected in turn
to each side of a 3-wire, direct-current supply circuit.

43.9 Current measurements are to be made:

a) With.any operating control, or adjustable control that is subject to user operation, in all operating
positigns and

b) Either with or without a separable connector, or similar component, in place.

These measyrements are to be made with controls placed in the position that’causes maximum current
flow.

44 Leakagg Current Test

44.1 If the gpen circuit potential is greater than 42.4 volts peak.as measured between ary accessible
part and eartl ground or any other accessible part, the leakage current at any accessible part shall not be
more than thg following values when tested in accordance with-44.2 — 44.7:

a) 0.5|milliampere for an ungrounded (2-wire) poftable, stationary, or fixed unit;
b) 0.5|milliampere for a grounded (3-wire)-portable unit; and

¢) 0.7% milliampere for a grounded (3-wire) stationary or fixed unit.

Exception: If|an electromagnetic radiation suppression filter is necessary for the unit tq function as
intended, the|leakage current may not'be more than 2.5 milliamperes if the unit complies with|the following
conditions:

a) A grounding means is provided;

b) With the filter fremoved from the unit, the leakage current does not exceed the limits specified in
(a) andl (b), as.applicable; and

¢) Thg unit\is marked in accordance with 53.15.

44.2 With reference to the requirements in 44.1, leakage current refers to all currents, including
capacitively coupled currents, that may be conveyed between exposed conductive surfaces of the unit and
ground, or between exposed conductive surfaces of the unit.

44.3 Leakage currents from all exposed surfaces are to be measured to the grounded supply conductor
individually, as well as collectively, if exposed surfaces are simultaneously accessible, and from one
exposed surface to another, if the exposed surfaces are simultaneously accessible. A part is considered to
be an exposed surface unless it is guarded by an enclosure considered to protect against the risk of
electric shock. Surfaces that can be readily contacted by one or both hands of a person at the same time
are considered to be simultaneously accessible. For the purpose of these requirements, one hand is
considered to be able to contact parts simultaneously if the parts are within a 4 by 8 inch (102 by 203 mm)
rectangle; and two hands of a person are considered to be able to contact parts simultaneously if the parts
are not more than 6 feet (1.83 m) apart.
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44 4 If all accessible surfaces are bonded together and connected to the grounding conductor of the
power-supply cord, the leakage current may be measured between the grounding conductor and the
grounded supply conductor. If exposed dead metal parts of a unit are connected to the neutral supply
conductor, this connection is to be open during the measurement.

445 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil having dimensions of 4 by 8 inches (10 by 20 cm) in
contact with the surface. If the surface is less than 4 by 8 inches, the metal foil is to be the same size as
the surface. The metal foil is not to remain in place long enough to affect the temperature of the unit.

446 The measurement CIrCUIt for the Ieakage current test is to be as illustrated in Figure 44.1. The
y indicate the
d not have all

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a cppacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composit¢ waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measureément circuitry is to have a frequency
respanse (ratio of indicated to actual value of current) that\is equal to the ratio of the jmpedance of
a 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of 0.5
or 0.7/5 milliampere, the measurement is to have anterror of not more than 5 percent gt 60 hertz.

44.7 Unles$ the meter is being used to measure leakage current from one part of a unit t¢ another, the
meter is to bg¢ connected between the accessible parts and the grounded supply conductor.
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