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Summary of Topics

The fourth edition of the Standard for Digital Alarm Communicator System Units, UL 1635, was
issued to revise the operation requirements.

The revised requirements are substantially in accordance with Proposal(s) on this subject dated January
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INTRODUCTION

1 Scope

1.1 These requirements cover digital alarm communicator system units for use in central-station
burglar-alarm systems, proprietary burglar alarm systems, police station connect burglar-alarm systems,
residential burglar-alarm systems, residential fire warning systems, and home health care medical alert

systems.

1.2 As covered by these requirements, a digital alarm communicator system consists of a digital alarm

communicato

r transmitter interconnected to or integral with:

A need for of]
a digital alarn
the telephone
in condition g

1.8 The ope
interested in
residential m

1.4 If equipnpent covered by these requirements is intended for use in a combination burg

fire-protective
with the Stan

1.5 Service fequired tgbe provided by the central-station is covered by the Standard for C

Alarm Servic

central-stafion burglar-alarm confrol unit,

proprietary burglar alarm control unit,

police-station-connect burglar-alarm control unit,

residential burglar-alarm control unit,

residential fire warning control unit, or

nome health care medical alert control unit.

premises transmission will activate the digital;alarm communicator transmitter,
N communicator receiver located at a centralzstation or residential monitoring sf
company’s switched network (dial system) and transmits a message identifyin
t the protected premises or residence:
ation of a digital alarm communicator system is under the control of the ow

the property, the occupantsofthe residence, and the operators at the cen
bnitoring station.

signaling systemjthe portion of the equipment serving a fire-alarm function
dard for Contral’ Units and Accessories for Fire Alarm Systems, UL 864.

bs, UL 827.

that contacts
ation through
g the change

ner or others
ral-station or

ar-alarm and
shall comply

entral-Station

1.6 A digital

alarm communicator system may be classified as police-station connected if:

a) It is used in combination with a protected premises control unit, an alarm sounding device,
and an alarm housing that complies with the Standard for Police Station Connected Burglar
Alarm Units and Systems, UL 365, and

b) The signals are transmitted to a digital burglar-alarm communicator receiver located at a
central-station that complies with the Standard for Central-Station Alarm Services, UL 827.
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1.7 Devices installed on individual properties are further classified as to extent of protection at each
location, according to the requirements covering installation and classification (of extent) of alarm

equipment at individual locations as published in the Standard for Installation and Classificat
and Holdup Alarm Systems, UL 681, that should be consulted by burglar-alarm installers.

ion of Burglar

1.8 Digital alarm communicator units for use in residential burglar-alarm systems shall comply with the

Standard for Household Burglar-Alarm System Units, UL 1023, in addition to the applicable
in this standard.

requirements

1.9 Digital alarm communicator units for use in residential fire warning systems shall comply with the
Standard for Household Fire Warning System Units, UL 985, in addition to the applicable requirements in

this standard.

1.10 Digital §larm communicator units for use in home health care medical alert systems
with the Standard for Home Health Care Signaling Equipment, UL 1637, in addition.to t
requirements|in this standard.

2 Components

2.1 Except indicated in 2.2 a component of a product covered by this-standard shall co
requirements| for that component. See Appendix A for a list of standatds covering compone
used in the products covered by this standard.

2.2 A compdnent is not required to comply with a specific requirement that:

a) Inpolves a feature or characteristic not required in the application of the compon
produict covered by this standard, or

b) Is[superseded by a requirement in this standard.
2.3 A compd

use.

nent shall be used in accordance with its rating established for the intended

2.4 Specific
Such compo
exceeding sp

components are incomplete in construction features or restricted in performanc
hents are intended\for use only under limited conditions, such as certain tem
ecified limits, and-shall be used only under those specific conditions.

shall comply
he applicable

mply with the
nts generally

ent in the

conditions of

b capabilities.
peratures not
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3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or

approximate

information.

3.2 Unless otherwise indicated, all voltage and current values specified in this standard are rms.

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

5 Terminoldgy

5.1 The term
6 Glossary
6.1 For the

6.2 ACKNOV

central station to notify the subscriber that a signal has been recejved indicating that the prot

has been pro
6.3 CIRCUIT

a) H
chara

b) Low-Voltage — A circuit involving apotential of not more than 30 volts AC rms, 4

or A(

c) P
powsd
nonir
netw

“product” as used in this standard refers to all types of digital alarm commun

urpose of this standard, the following definitions apply.

VLEDGMENT SIGNAL — An audible and/or visual signal that is sent to the sub
perly armed. The acknowledgment signal is to be/sent manually or automatica
S, ELECTRICAL:
gh-Voltage — A circuit involving a potential of not more than 600 volts and hay
cteristics in excess of those of a low=voltage power-limited circuit.

peak.

wer Limited — A circuit Whose output is limited as specified in Tables 6.1 and
r limitation shall be provided by the construction of the transformer, a fixed im

terchangeable fuseya nonadjustable manual reset circuit protective device, or|
Drk.

cator units.

scriber by the
bction system

Ily.

ing circuit

12.4 volts DC

6.2. The
bedance, a
a regulating
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Table 6.1
Power limitations for inherently limited power source (overcurrent protection not required)
Circuit voltage V. AC-DC Maximum nameplate ratings Current limitation Ip,,°
volts amperes
( ) VA (volt amperes) Current (amperes) (amp )
0 to 20 5.0 X Vinad 5.0 8.0
over 20 to 30 100 100/V max? 8.0
over 30 to 100 100 100/V gy 100/Vmay®
over 100 to 250 DC only 0.030 X Vja® 0.030 0.030

NOTE — Adapted from the National Electrical Code, (NFPA 70), 1996 Edition, copyright National Fire Protection Association,

Batterymarch Park, Quincy, MA 02269.
2 Vmax: Maximum output voltage regardless of load with rated input applied. 0 — 20 V-rms, 0 — 28.3 V DC or,A( peak; 20 —
30 V-rms, 28.8 — 42.4 V DC or AC peak
b I max: Maximym output after 1 minute of operation under any noncapacitive load, including short circuit,
Table 6.2
Power linjitations for power sources not inherently limited (overcurrent-protection|required)
Circuit voltage Maximum nameplate ratings Current limitation |¢ Power limitation Maximum
Dvercurrent
Vmax® AC-DC VA (volt amperes) | Current (amperes) [ Ina° (ampefes) (VA)max® (volt Protection
(volts) amperes) (amperes)
0to 20 5.0% Viax® 5.0 1000/Vhax® 2509 5.0
over 20 to 190 100 100/V max® 1000/V nax® 250d 100/V max®
over 100 to 150 100 100/V pax® 1.0 NA 1.0
NOTE — Adapt¢d from the National Electrical Code, (NFPA 70)4996 Edition, copyright National Fire Protection Association,
Batterymarch Hark, Quincy, MA 02269.
8 Viax: Maximym output voltage regardless of load with.rated input applied. See footnote a in Table 6.1.
b Imax: Maximurh output after 1 minute of operation undeéf any noncapacitive load, including short circuit, and witH overcurrent
protection bypassed.
¢ (VA)max: Maximum volt-ampere output regardiess of load with overcurrent protection bypassed.
d If the power gource is a transformer (VA)max 18 350 or less when Vi, is 15 or less.
6.4 CORD-CONNECTED UNIT)= A unit intended for connection to the power source by means of a
supply cord. Such a unit is infended to be moved for reasons of interchange or realignment of the units
of a system.
6.5 DIGITAL|ALARM-COMMUNICATOR RECEIVER — A unit located at a central-station of a residential

monitoring st

ption that will receive and display signals from a digital alarm communicator trTnsmitter.

6.6 DIGITAL ALARM COMMUNICATOR TRANSMITTER — A unit located at the protected premises or
residence that will contact the digital alarm communicator receiver through the telephone company’s
switched network (dial system) and transmit the necessary data to identify the digital alarm communicator
transmitter and the change of status at the protected premises or residence. As covered by these

requirements

, the digital alarm communicator transmitter either:

a) Provides all alarm or monitoring control functions or

b) Interfaces with an alarm or monitoring control unit that provides this function (a slave unit).
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6.7 FIXED E

QUIPMENT — A device intended to be permanently connected electrically.

6.8 LINE-VOLTAGE - The voltage at any field connected source of supply, nominally 50 — 60 Hz; and
either 115, 208, or 230 volts.

6.9 NORMAL STANDBY CONDITION — The ready-to-operate condition of the product existing prior to its

being tripped

or operated by an intrusion.

6.10 OFF-HOOK - The condition in which a connection has been established with the telephone
company’s switched network in preparation for dialing a telephone number.

6.11 ON-HOOK - The condition causing the equipment to disconnect from (hang up) the telephone

company’s s

6.12 PORTABLE EQUIPMENT - Cord- and plug-connected equipment that is capabte.of bg

moved about
6.13 PRIMA
6.14 RADIO

6.15 RESID
receives and

6.16 SAFET
electric shock
an interlock d

6.17 SECON

6.18 STATIC
in place, or Iq

7 Installatio

7.1 Acopyd

a) The installation and operating instructions intended to accompany each product

comy

vitched network.

RY BATTERY — A battery that by construction is not intended to“be recharged
FREQUENCY - Electromagnetic radiation, nominally aboyve-20 kilohertz.

ENTIAL MONITORING STATION — A building eguipped with receiving eq
displays the information to the operator for action,)See 1.6.

Y CIRCUIT — Any primary or secondary circtit-that is relied upon to reduce t
, or unintentional contact with moving part§&‘that may cause injury to persons
ircuit).

DARY BATTERY — A battery that by construction is intended to be recharged

NARY EQUIPMENT - Cord-and plug-connected equipment that is intended t
cated in a dedicated space:

h and Operating Instructions

—h

onent.as jproduced,

b) TI|1e related schematic wiring diagrams, and

ing carried or

uipment that

e risk of fire,
(for example,

b be fastened

or

¢) The installation drawings

is to be furnished with the product submitted for investigation, to be used as a guide in the examination
and test of the product or component. For this purpose, a final printed edition is not required.
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7.2 The instructions and drawings shall include at least the following:

a) Typical installation drawing layouts and a complete representative installation wiring
diagram(s) for the product(s) indicating recommended locations and wiring methods that shall
be in accordance with the National Electrical Code, ANSI/NFPA 70-1996, the Standard for
Installation and Classification of Burglar and Holdup Alarm Systems, UL 681, the Standard for
Central-Station Burglar-Alarm Systems, UL 611, the Standard for Installation and Classification
of Residential Burglar Alarm Systems, UL 1641, National Fire Alarm Code, NFPA 72-1993,
Chapter 2 or Household Fire Warning Equipment, ANSI/NFPA 74-1989, as applicable.
Locations where installations are not recommended shall also be included.

b) Concise description of the operation, testing, and maintenance procedures for the product(s),

and 1

c) Id
manu

d) A

operation of the product(s).

e) A
persq

7.3 The instr
a manual. If
marking infor

8 Electric S

8.1 Any part
the Electric S

8.2 Theinse
shock.

entification of replacement parts, such as lamps or batteries, by a part numbe

ecommended testing frequency (that shall be at least once each year).

facturer's model number, or the equivalent.
description of the conditions that might be expected to result in'false alarms g
description of any features provided to reduce the risk of fire, electric shock, g
ns and a warning against bypassing such features,

Lictions may be incorporated on the inside of the\product, on a separate sheet
not included directly on the product, the instructions or manual shall be refe
mation on the product. See (Marking) Genéral, Section 84.

hock

that is exposed only during operator servicing shall not present the risk of electn
hock Current Test, Section 42,

tion of the intended compadnent into a socket in the product shall not result in a

r impaired

r injury to

or as part of

renced in the

ic shock. See

isk of electric
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CONSTRUCTION

ASSEMBLY

9 General

9.1 Product

assembly

9.1.1 The product shall be factory-built as a complete assembly and shall include all the components
necessary for its intended function when installed and used as intended. The product may be shipped
from the factory as two or more major subassemblies. See 9.1.2.

9.1.2 If the p|
subassembli
without requi
more subas
operation of

oduct is not assembled by the manufacturer as a complete unif, it shall be afra
s. Each subassembly shall be capable of being incorporated into a compl
ing alteration, cutting, drilling, threading, welding, or similar tasks by the)ins
mblies, that must bear a definite relationship to each other for the-cdrrect
he product shall be arranged and constructed to permit them to be incorpo

hged in major
bte assembly
aller. Two or
nstallation or
ated into the

complete asgembly only in the correct relationship without need for alteration or alignment, or such

subassembli

s shall be assembled, tested, and shipped from the factory as_one product.

9.2 Electric

9.2.1 Louver
unintentional
requirement,
unless tools
Personnel, S

9.2.2 Uninsu
9.2.5.

9.2.3 Openir
any dimensio
9.2 for side 0

| protection

5 and other openings in the enclosure shall be constrdcted and located to redy
parts such as covers, panels, and grilles uséd-as part of the enclosure are tq
are required for their removal or an interlock is provided. See also Protecti

bction 10.

ated high-voltage live parts shall belocated, guarded, or enclosed as indica

gs directly over uninsulateéd-high-voltage live parts shall not exceed 0.187 inch

pening designs, or the equivalent.

ce the risk of

contact with uninsulated high-voltage live parts. In determining compliapce with this

be removed
bn of Service

ed in 9.2.3 —

(4.75 mm) in

n, or shall be of a configuration as illustrated by Figure 9.1 for top cover designs and Figure
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Figure 9.1
Cross sections of top cover designs

—

SLANTED OPENINGS

11 r]E
I I S

FC500 VERTICAL QPENINGS

Figure 9.2
Cross section of side louvers

INSIDE \ OUTSIDE

OUTWARD PROJECTION

INSIDE OUTSIDE

ECH10 INWARD PROJECTION
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9.2.4 An opening in an electrical enclosure that does not permit entrance of a 1 inch (25.4 mm) diameter
rod shall be sized and arranged so that a probe, as illustrated in Figure 9.3, cannot be made to contact
any uninsulated live part (other than low-voltage) when inserted through the opening in a straight or
articulated position.

9.2.5 An opening that permits entrance of a 1 inch (25.4 mm) diameter rod may be used under the
conditions described and illustrated in Figure 9.4.
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Figure 9.3
Accessibility probe
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Figure 9.4
Opening in enclosure

ENCLOSURE OPENING
SECTION A-A

LIVE PART -

SECTION B-B
T T 7=
\ ]
\ /
AN
~_1 -
__~I

The opening may be used if, within the enclosure, there is no uninsulated live metal part or enamel-insulated wire:

LIVE PART

a) Less than X inches (mm) from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane.

X equals five times the diameter of the largest diameter rod that can be inserted through the opening, but not less than 6-1/16 inches
(154 mm).
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10 Protection of Service Personnel

10.1 An uninsulated live part of a high-voltage circuit within the enclosure shall be located, guarded, or
enclosed so as to reduce the risk of unintentional contact by persons performing service functions that
may be performed while the equipment is energized.

10.2 During the examination of a product in connection with the requirements in 10.1, a part of the outer
enclosure that may be removed without the use of tools, or part of the outer enclosure that may be
removed by the user to allow access for making routine operating adjustments is to be disregarded. It is
to be assumed that the removable part in question does not afford protection against the risk of electric
shock.

10.3 An elefrical component that may require examinaiion, replacement, adjusimenti,|servicing, or
maintenancel while the product is energized shall be located and mounted with irespect to other
components aind with respect to grounded metal so that the component is accessiblefor'such service and
risk of electri¢ shock to the service person from adjacent uninsulated high-voltage’livé partg is reduced.

10.4 The follpwing are not considered to be uninsulated live parts:

a) Cpils of relays and solenoids, and transformer windings, if the-coils and windingg are
provifled with insulating overwraps rated for the potentials en€ountered,

b) Términals and splices with insulation rated for the potential encountered, and
c) Inpulated wire.

11 Enclosures

11.1 General

11.1.1 The enclosure of a product shall have the strength and rigidity to resist total or partial collapse and
the attendanf reduction of spacings,-loosening or displacement of parts, or other defgcts. See the
Mechanical trength Tests for Enclosures, Section 56.

11.1.2 Operating parts, such—as' gear mechanisms, light-duty relays, and similar devi¢es, shall be
enclosed to protect against malfunction due to dust or other material that may impair their intended
operation.

11.1.3 An enclosuré_c¢ontaining other than power limited circuits shall be constructed tp reduce the
possibility of|emission of flame, molten metal, flaming or glowing particles, or flaming drpps. See the
Ignition Throgigh\Bottom-Panel Openings Tests, Section 55.

11.1.4 The requirement in 11.1.3 necessitates either a nonflammable bottom in accordance with the
requirements in 11.3.2, or a protective barrier as illustrated in Figure 11.1 under all areas containing
combustible materials.
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Figure 11.1
Protective barrier

30°

A — The entire d
is to be provided
is required only
noncombustible

B — Projection o
lowest point on {

EB110

pmponent under which~a\barrier (flat or dish with or without a lip or other raised edge) of noncom
. The sketch abovg is of a metal enclosed component with ventilating openings to show that the
for those openings from which flaming parts might come. If the component or assembly does
enclosure, the-area to be protected would be the entire area occupied by the component or asser

f the ouiline of the area of (A) which needs a bottom barrier vertically downward onto the horizo
he outer edge (D) of the barrier.

bustible material
protective barrier
ot have its own
hbly.

htal plane of the

C —Inclined line that traces out an area (D) on the horizontal plane of the barrier. Moving around the perimeter of the area (B) which
needs a bottom barrier, this line projects at a 30-degree angle from the line extending vertically at every point around the perimeter
of (A) and oriented to trace out the largest area, except that the angle may be less than 30 degrees if the barrier or portion of the
bottom cover contacts a vertical barrier or side panel of noncombustible material, or if the horizontal extension of the barrier (B) to
(D) would exceed 6 inches (152 mm).

D — Minimum outline of the barrier, except that the extension B — D need not exceed 6 inches (152 mm) (flat or dished with or without

lip or other raised edge). The bottom of the barrier may be flat or formed in any manner provided that every point of area (D) is at
or below the lowest point on the outer edge of the barrier.
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11.1.5 A construction employing individual barriers under components, groups of components or
assemblies, as illustrated in Figure 11.1 is considered to comply with the requirement in 11.1.3.

Exception: See 11.3.3.

11.2 Doors and covers

11.2.1 An enclosure cover shall be hinged, sliding, or similarly attached so it cannot be removed:

a) If it gives access to fuses or any other overcurrent protective device, the intended

functi

oning of which requires renewal or

b)

f

Exception Ng
circuit, an en

Exception N
central-statio

11.2.2 Faste
access is nof

Exception:

11.2.3 The d
protective wi
might be sub

Exception:
need not con

11.3 Enclos

11.3.1 Open
objects is pre
used to prev
used.

11.3.2 Open
materials no|

This requirement does not apply to a product located at a central-station.

It IS necessary 1o open the cover In connection with the intended operation Of

. 1. If its position is supervised by a tamper contact that is connected incthe)clos
rlosure cover need not comply with these requirements. See also 36.5.

D. 2: Neither this requirement nor Exception No. 1 applies 'to~“a product
.

hers requiring the use of a tool or key shall be used,for)the assembly of all
required for operation of the product.

over of an enclosure shall be provided with“a supervisory contact, connected
ect to tampering without causing an_ alarm signal.

An enclosure located inside of aycompletely protected safe or vault, or at a (
hply with this requirement.

Lire openings
ngs in the enclosure' shall be so constructed and of such size that direct en

vented. See also,9.2.3. See Figure 9.1 for examples of top cover construction
bnt direct entry: See Figure 9.2 for examples of side opening constructions

ngs Shall not be provided in the bottom panels or protective barriers under are

Flammability
that prevents

the unit.

bed protective

located at a

enclosures if

in the closed

ing circuit, if it gives access to any relays, terminals, controls, or related components that

rentral-station

try of foreign
5 that may be
hich may be

as containing
for Tests for

t classified as V-1 or less flammable, in accordance with the Standard

of Ptastic Materiat-for UseimDevitcesandApptiances, Ut 94, untess tonstructe

materials from falling directly from the interior of the product onto the supporti

d in a manner
ng surface or

onto any other location under the product. Figure 11.2 illustrates a type of baffle that complies with this
requirement. A second construction that complies with this requirement is a 0.040 inch (1.02 mm) sheet
steel bottom panel in which round holes of 5/64 inch (2.0 mm) maximum diameter are spaced not closer
together than 1/8 inch (3.2 mm) center-to-center. Constructions other than these two may be used if they

comply with t

he Ignition Through Bottom-Panel Openings Tests, Section 55.
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Figure 11.2
Bottom panel baffles
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BAFFLE PLATES
(MAY BE BELOW

BOTTOM OF PRODUC

EB142

11.3.3 The |
flammable m

11.3.4 Open
only CTFE,
receptacles,

11.3.5 Opern
components
signal.

— ><<<_

BOTTOM OF PRODU;:BV//

ottom of the enclosure under areas.gontaining only materials classified ag
hy have openings not larger than 1/1& square inch (40.3 mm?).

ngs may be used, without limitation of the size or number of openings, in are
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hnd in areas underneath impedance protected or thermally protected motors.

ings in the enclosure shall not give access to relays, terminals, control
hat might be subject to tampering by hand or with tools without causing an alg

V-1 or less
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11.4 Screens and expanded metal

11.4.1 Screens or expanded metal used as a guard, enclosure or part of an enclosure, shall comply with
the requirements in 11.4.3 and 11.5.1, and with the Mechanical Strength Tests for Enclosures, Section 56.

11.4.2 Perforated sheet steel and sheet steel used for expanded metal mesh shall not be less than 0.042
inch (1.07 mm) thick if uncoated or 0.046 inch (1.17 mm) thick if zinc coated if the mesh openings or
perforations are 1/2 square inch (323 mm?) or less in area and shall not be less than 0.080 inch (2.03
mm) thick if uncoated or 0.084 inch (2.13 mm) thick if zinc coated for larger openings. The largest
dimension of this material shall not exceed 4 inches (102 mm).

Exception: If the indentation of a guard or the enclosure will not alter the clearance between uninsulated
live parts and grounded metal so as To impair performance or reduce spacings below |the minimum
required values [see Spacings (General), Section 26, and the Mechanical Strength Tests'\fQr Enclosures,
Section 56], 0.021 inch (0.53 mm) expanded steel mesh or perforated sheet steel [0:023 inch (0.58 mm)
if zinc coatedq] may be used, provided that:

a) The exposed mesh on any one side or surface of the product so protected has an area of
not more than 72 square inches (464 cm?) and has no dimension:greater than 12 inches (305
mm) lor

b) The width of the opening covered by this material is nefgreater than 3-1/2 inches (89 mm).
11.4.3 The Wires of a screen shall not be less than 16 AWG' (1.3 mm? diameter) steel |if the screen
openings arel 1/2 square inch (323 mm?) or less in area, ‘@nd shall not be less than 12 AWG (2.1 mm?
diameter) stegel for larger screen openings.
11.5 Cast metal
11.5.1 The minimum thickness of cast metalcfor an enclosure shall be as indicated in Table 11.1.
Exception: Cast metal of lesser thickness may be used if considering the shape, size, amd function of

the enclosurg, it provides equivalent mechanical strength. See the Drop Test, Section| 53, and the
Mechanical Strength Tests for Enclosures, Section 56.
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Table 11.1

Cast-metal electrical enclosures

Use, or dimension of area involved?

Minimum thickness, inch (mm)

than the die-cast type

Cast metal of other

greater than 6

greater than 6

inches (152 mm)

inches (152 mm)

At a threaded conduit hole
At an unthreaded conduit hole

Area of 24 square inches (155 cm?) or less and having no dimension

Area greater than 24 square inches (155 cm?) or having any dimension

Die-cast metal
1/162 (1.6)
3/32 (2.4)

1/4 (6.4)
1/8 (3.2)

1/8 (3.2)
1/8 (3.2)
1/4 (6.4)
1/8 (3.2)

@ The area limj
a larger area.

tEtioTfor et 6ot 6-TTT- T thCKeSS-TTay- e Obtaiet-bythe-provision ot TemforcimgTips subdividing

11.5.2 If thrg
equivalent co
and the cons

11.5.3 If thrd
enclosure w4
rounded inle
provided by &

ads for the connection of conduit are tapped through a hole in an enclosure|wall, or if an

nstruction is used, there shall not be less than 3-1/2 nor more than five threadg
fruction shall permit a standard conduit bushing to be attached ascintended.

ads for the connection of conduit are tapped only part of the way through
I, there shall not be less than 3-1/2 full threads in the métal, and there shall
hole for the conductors that shall afford protection/to the conductors equi

standard conduit bushing.

11.6 Sheet metal

11.6.1 The t
or 11.3, whic

Exception:

Mechanical §

nickness of sheet metal for an enclosure’§hall not be less than that indicated

hever applies.

in the metal,

a hole in an
be a smooth,
alent to that

n Table 11.2

bheet metal of lesser thickness may be used if considering the shape, size, aphd function of
the enclosure, it provides the equivalent mechanical strength. See the Drop Test, Section 53, and the
trength Tests for Enclosures,-Section 56.

Table 11.2

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

Withoyit supporting frame? With supporting frame or equivalent Minimum thicknegs | Minimum thickness
reinforcing? uncoated, metal coated,

Maximum wifith,? Maximum length,® Maximum Width,P Maximum length, inch (mm inch (mm)
inches (pm) inches (cm) inches (cm) inches (cm) [MSG] [GSG]

4.0 (102) Not limited 6.25 (15.9) Not limited 0.020 (0.51 0.023 (0.58)

4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) [24] [24]

6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)

7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 125 (31.8) [22] [22]

8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)

9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) [20] [20]

12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)

14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) [18] [18]

18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)

20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) [16] [16]

22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)

25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) [15] [15]

Table 11.2 Continued on Next Page
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Table 11.2 Continued

Without supporting frame? With supporting frame or equivalent Minimum thickness | Minimum thickness
reinforcing? uncoated, metal coated,

Maximum width,? Maximum length,® Maximum Width,P Maximum length, inch (mm) inch (mm)
inches (cm) inches (cm) inches (cm) inches (cm) [MSG] [GSG]

25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)

29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) [14] [14]

33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)

38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) [13] [13]

42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)

47.0 o=y 5870 {14979) 680 17277) 8470 (2132 2% [12]

52.0 (1p2.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74L 0.111 (2.82)

60.0 (1p2.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) [11] [11]

63.0 (1p0.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12 0.126 (3.20)

73.0 (1B5.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) [10] [10]

a A supporting
essentially the
moments which
reinforcing may
channels. Cong
1) A
2) A

® The width is
enclosure may

¢ For panels wi
be limited to th

have supports in common and be made

a frame, for example; with spring clips.

of a single.sheet.

ich are not supported along one side, for example, 'side panels of boxes, the length of the unsup
b dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

rame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
bame outside dimensions as the enclosure surface and which has sufficient.torsional rigidity to regist the bending
may be applied via the enclosure surface when it is deflected. Construction/that is considered to|have equivalent
be accomplished by designs that will produce a structure that is as rigidas one built with a framg
truction considered to be without supporting frame includes:

single sheet with single formed flanges (formed edges),
single sheet which is corrugated or ribbed, and

3) An enclosure surface loosely attached to
he smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent gurfaces of an

of angles or

orted side shall

Table 11.3
Minimum thickness of sheet metalfor electrical enclosures aluminum, copper, gr brass
Without supporting frame? With supporting frame or equivalent reinforcing? Ninimum thickness,

Maximum Width,? Maximum\length,° Maximum width,? Maximum length,

inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.3)
6.0 (15,2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (165) 80 (20-3) 1570 (381 870 (457
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)

Table 11.3 Continued on Next Page
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Table 11.3 Continued

Without supporting frame? With supporting frame or equivalent reinforcing? Minimum thickness,

Maximum width,? Maximum length,® Maximum width,? Maximum length,

inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)

a A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has

channels. Cong
1
2
3
b The width is t
enclosure may
¢ For panels wh
be limited to th

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. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or

truction considered to be without supporting frame includes:

A single sheet with single formed flanges (formed edges),

A single sheet which is corrugated or ribbed, and

An enclosure surface loosely attached to a frame, for example, with spring clips.
he smaller dimension of a rectangular sheet metal piece which is part of an enclosure) Adjacent S
have supports in common and be made of a single sheet.

ich are not supported along one side, for example, side panels of boxes, the length of the unsup
b dimensions specified unless the side in question is provided with a flange atleast 1/2 inch (12.7

urfaces of an

orted side shall
mm) wide.

11.6.2 A shg
thickness of 1

if of galvaniz¢d steel, and of not less than 0.045 inch (1.14 mmj. if of nonferrous metal.

11.6.3 A plafe or plug closure for an unused conduit opgning or other hole in the enclosur

less than 0.0
hole having 3

11.6.4 A clog
required for t
be securely

11.6.5 A kn

et metal member to which a wiring system is to be,connected in the field
ot less than 0.032 inch (0.81 mm) if of uncoated steel) of not less than 0.034 in

P7 inch (0.69 mm) thick if of steel or 0.032%inch (0.81 mm) thick if of nonferrou
1-3/8 inch (34.9 mm) diameter maximiym dimension.

ure for a hole larger than 1-3/8 inch (34.9 mm) diameter shall have a thickness
he enclosure of the product or*a-standard knockout seal shall be used. Such
hounted.

bckout in a sheet metal” enclosure shall be capable of being removed wi

deformation

11.6.6 Akn

a conduit bughing and shall'be located so that installation of a bushing at any knockout likg
during installation will-0ot result in spacings between uninsulated live parts and the bushin
those specifi¢d under-Spacings, General, Section 26.

f the enclosure.

kout shall be provided with a surrounding surface of sufficient area to provide

shall have a
ich (0.86 mm)

b shall not be
s metal, for a

equal to that
closures shall

thout excess

for seating of
ly to be used
y of less than
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11.7 Product enclosure mounting

11.7.1 An enclosure shall have means for mounting that shall be accessible without disassembly of any
operating part of the product. Removal of a completely assembled panel to mount the enclosure is not
considered to be disassembly of an operating part.

11.8 Polymeric materials

11.8.1 Among the factors to be taken into consideration when judging the acceptability of a nonmetallic
enclosure are:

1) Mechanical strength,

2) Rgsistance to impact,

3) Mpisture-absorptive properties,

4) Flammability and resistance to ignition from electrical sources,

5) Dlelectric strength, insulation resistance, and resistance to arc-tracking, and

6) Resistance to distortion and creeping at temperatures-{o.which the material may be
subjgcted under any conditions of use.

All these facjors shall be considered with respect to aging-in accordance with the Polymgric Materials
Test, Section| 51, and Mechanical Strength Tests for En¢losures, Section 56.

12 Corrosioh Protection

12.1 Iron and steel parts, other than bearings; and the like, where such protection is impragticable, shall
be protected| against corrosion by enameling, galvanizing, sherardizing, plating, or other equivalent
means. Bearing surfaces shall be of su¢h-materials and construction as to resist binding dug to corrosion.

12.2 The requirement of 12.1 applies to all enclosures of sheet steel or cast iron, and to a|l springs and
other parts upon which intended mechanical operation may depend.

Exception Nq. 1: This requirement does not apply to parts, such as washers, screws, bolts| and the like,
if corrosion @f such ugprotected parts would not be likely to result in a risk of fire, electric shock, or
unintentional|contact with moving parts that may cause injury to persons, or to impair the ogeration of the
unit.

Exception No—2: f ,
protection against corrosion.

T ; ire additional

12.3 Metals shall be galvanically compatible

Exception: If galvanic action does not impair intended operation of the product, or result in the risk of fire,
electric shock, or unintentional contact with moving parts that may cause a risk of injury to persons, this
requirement does not apply.
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12.4 Hinges

and other attachments shall be resistant to corrosion.

FIELD WIRING CONNECTIONS

13 General

13.1 Wiring terminals or leads shall be provided for connection of conductors of at least the size required
by the National Electrical Code, ANSI/NFPA 70-1996.

14 Cord Connected Products

14.1 A portable product that is intended to be connected to high-voltage or line voltage shall be provided

with no less

for connectiop to the supply circuit.

Exception:

result in damage to the cord or product, or result in a risk of fire, electric shock, er injury to pe
intended opeyation of the product, or is not required for the intended operation,of the produ

14.2 A flexible cord may be used with a stationary product.

14.3 A flexible cord shall be of Type SJ, SJT, or equivalent, having<conductors not smaller

(0.82 mm?). |

14.4 The po
be transmitte

14.5 If a kno
which it may
cause abrasi

14.6 Clampg|
varnished-clo
necessary to

14.7 The su
cord-entry ho

a) S
highg

an o teet (1.3 m) of tflexible cord and a two or three prong attachment plug, o

he cord may be less than 6 feet in length if it is evident that the use{of the lon

shall be rated for use at the voltage and ampacity rating of the product.

ver supply cord shall be provided with strain relief means so that a stress on th
i to terminals, splices, or internal wiring. Séé the Strain Relief Test, Section 5

t in a flexible cord serves as strain relief, a surface against which the knot ma
Come in contact shall be free from projections, sharp edges, burrs, fins, and the
bn of the insulation on the condugtors.

of any material (metal ¢r-6therwise) may be used on cords and supply
th insulating tubing or theJequivalent under the clamp unless the tubing or the
prevent the clamp from damaging the cord or supply leads.

bply cord or supply leads shall be prevented from being pushed into the un
le if such displacement is likely to:

ibject the)cord or supply leads to mechanical damage or to exposure to a tem
r than that for which the cord or supply leads are rated,

f a type rated

ger cord may
brsons, impair
Ct.

han 18 AWG
b cord will not
1.
bear or with

like that may

eads without
equivalent is

t through the

perature

b) R

cduce spacings (suchas toa metatstrain-retief clamp) befow theminimumnm e

values, or

c) Damage internal connections or components.

uired
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15 Permanently Connected Products

15.1 General

15.1.1 A permanently connected product shall have provision for connection of one of the wiring systems
that, in accordance with the National Electrical Code, ANSI/NFPA 70-1996, would be acceptable for it.

15.1.2 A knockout provided for connection of a field-wiring system to a field-wiring compartment shall

accommodate conduit of the trade size determined as specified in Table 15.1.

Trade size of conduit in inches (mm OD)

Table 15.1

Wire sizq Number of wires
AWG (hm?) 2 3 4 6
14 e.-1n 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3 1/2 (21.3)
12 B-3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 374 (26.7] 3/4 (26.7)
10 B-3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7] 3/4 (26.7)
8 B-4) 3/4 (26.7) 3/4 (26.7) 1 (33,4) 1 (33.4) 1-1/4 (42.3)
6 (13.3) 3/4 (26.7) 1 (33.4) 1 (83)4) 1-1/4 (42.3 1-1/4 (42.3)

Note — This tafjle is based on the assumption that all conductors will be of the same size and there will be no m¢re than six
conductors in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal cross-
sectional area ¢f the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectiopal area of the
wires, based oi the cross-sectional area of Type THW wire.

15.1.3 The Igcation of a terminal box or compartmentin ‘which power supply connections are to be made
shall permit the connections to be accessible without\removal of parts other than a service dover or panel

and the covef of the outlet box or compartment inéwhich the connections are made.

15.1.4 A terinal compartment intended forthe connection of a supply raceway shall Qe secured in

position and ghall be prevented from turning.

15.1.5 Unless the product is marked in accordance with 84.12, it shall be provided with field-wiring
terminals or lpads for the conngetion of conductors having an ampacity not less than that rgquired by the

product. It is pssumed that branch circuit conductors rated 60°C (140°F) will be used.
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15.2 Field-w

iring terminals

15.2.1 General

15.2.1.1 As specified in these requirements, field-wiring terminals are those terminals to which power
supply (including equipment grounding) or control connections will be made in the field when the product
is installed as intended.

15.2.1.2 A field wiring terminal shall comply with the requirements in:

a) 156.2.2.1 - 15.2.2.5;

b) The Standard Tor Electrical Quick-Connect Terminals, UL 310;

c) The Standard for Wire Connectors, UL 486A-486B;

d) The Standard for Equipment Wiring Terminals for Use With Alumingmband/or Copper

Conag

e) The field wiring requirements (Code 2) in the Standard for Terminal Blocks, UL

The current-
material. Seq
terminals inte
Standard for
installation in
specific conn

15.2.1.3 A fi
accomplisheq
lug, or offset;
not be used f{

15.2.2 Gene

15.2.2.1 Non

mm?) and lafjger wires. If the connectors or lugs are secured to a plate, the plate shall nof

0.050 inch (1

15.2.2.2 A w|
be smaller th

uctors, UL 486E; or

barrying parts shall be silver, copper, a copper alley;, or a similar nonferrou
uring screws and the like may be plated steel¢)Equipment provided with
nded for field termination of electrical conductots to the equipment and comp
Electrical Quick-Connect Terminals, UL 310s:shall be provided with strain r
structions shall include instructions for effecting the strain relief and include ref
pctors to be used.

eld-wiring terminal shall be prevented from turning or shifting in position.
by means such as two screws(or rivets; by square shoulders or mortises; by
or by a connecting strap or.glip fitted into an adjacent part. Friction between

or preventing movement of'the terminals.

ral application

ferrous soldering,lugs or solderless (pressure) wire connectors shall be used fg

.27 mm) thick. Securing screws may be plated steel.

re binding screw intended for connection of the power supply (line voltage) so

1059.

s conductive
juick-connect
ying with the
blief, and the
erence to the

This may be
a dowel pin,
surfaces may

r8 AWG (8.4
be less than

urce shall not

an No. 10 (4.8 mm diameter). The screw may be of plated steel.

Exception: A No. 8 (4.2 mm diameter) screw may be used for the connection of one 14 AWG (2.1 mm?)
and one No. 6 (3.5 mm diameter) screw may be used for the connection of one 16 AWG (1.3 mm?) or
smaller conductor.
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15.2.2.3 For connection of other than power supply (line voltage) circuits using 10 AWG (5.3 mm?) and
smaller wires, a wire binding screw shall not be smaller than No. 8 (4.2 mm diameter), except that a No.
6 (3.5 mm diameter) screw may be used for the connection of one 14 AWG (2.1 mm?) or smaller

conductor and a No. 4 (2.8 mm diameter) screw may be used for the connection of one 1
mm?) or smaller conductor.

15.2.2.4 Terminal plates tapped for wire binding screws shall:

9 AWG (0.65

a) Have not less than two full threads in the metal (the terminal plate metal may be extruded to
provide the two full threads) and shall have upturned lugs, clamps, or the equivalent, to hold the
wires in position. Other constructions may be used if they provide equivalent thread security of
the wire binding screw. However, two full threads are not required if fewer threads will result in

a sedure connection in which the threads will not strip with tightening forque in acc
the vplues indicated in the Standard for Wire Connectors, UL 486A-486B.

b) Bg of a nonferrous metal not less than 0.050 inch (1.27 mm) thick if used"with 3
mm dliameter) or larger screw, and not less than 0.030 inch (0.76 mm)-thick for a N
mm dliameter) or smaller screw.

15.2.2.5 If two or more conductors are intended to be connected by wrapping under the s
nonferrous intervening metal washer shall be used for each additional’conductor. A separa
not required if two conductors are separated and intended to be secdred under a common cl
If the wires protrude above terminal barriers, the nonferrous¢separator shall include me
upturned tabs or sides, to retain the wire.

15.2.3 Qualified application

15.2.3.1 Any
construction

of the following terminal configurations may be used for connection of field
complies with all of the requirementsin 15.2.3.2.

a) P
switc]
type
sprin
See

ish-In Terminals — Nonferrous_(Screwless) push-in terminals of the type used

hes and receptacles wherein’solid conductors may be pushed into slots conta
Fetaining contacts. The leads can be removed by means of a tool inserted to 1
j tension on the conductor. Push-in terminals shall not be used with aluminun
B4.14.

b) Q
male
for cq
shall

Lick-ConnectiTerminals — Nonferrous quick-connect (push type) terminals con
posts permanently secured to the device and provided with compatible female
nnection Jto field wiring. Requires special tool for crimping of field wires. Matin
be shipped with the product with instructions for their installation.

brdance with

No. 8 (4.2
0.6 (35

hme screw, a
tor washer is
amping plate.
ans, such as

wiring, if the

bn some
ning spring-
elieve the

conductors.

sisting of
e connectors
g terminals

c) SofderTermimats— Conventiomat TTonferrous sofder terminats:

Exception: See 16.4.

d) Solderless Wrapped Terminals — Solderless wrapped nonferrous terminals that require a

special tool and terminal post design.

e) Telephone Type Terminals — Nonferrous terminal plates using a narrow V-shaped slot for
securing of a conductor in a special post design. Requires special tool for wire connection.

f) Other Terminals — Other terminal connections may be used if determined to be equivalent to

(a) — (e) of this paragraph and limited to the same restrictions.
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15.2.3.2 Any of the terminal configurations listed in 15.2.3.1 may be employed for connection of field
wiring if the construction complies with all of the following:

a) If a special tool is required for connection, its use shall be indicated on the installation wiring
diagram. See 84.4.

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

perm

issible wire size shall not be smaller than 22 AWG (0.32 mm?).

c) The wire size to be employed shall have the current-carrying capacity of the circuit
application.

d) Tihe Terminal configuration shall comply with the requirements in the Special Tef

Asse

Exce
15.2.

mblies Tests, Section 57.

ption: Terminals complying with the requirements in any of the {standards
1.3 are not required to be subjected to the Special Terminal Assemblies Tests

15.3 Field wiiring leads

15.3.1 If leaq
inches (152 1

Exception Nd
result in dam)
persons, or i
product.

Exception N

a) T
not ¢

b) Tl
equiy

c) Ti

d) T
large

is are provided in lieu of wiring terminals, they shall have a minimum free leg
hm), and shall not be smaller than 22 AWG (0.32 mmi2).

. 1: A lead may be less than 6 inches long if it\is, evident that the use of a lon
age to the lead insulation or the product, or result in a risk of fire, electric shod
mpair intended operation of the product, orlds not required for the intended op

. 2: Solid copper leads as small as\26 AWG (0.13 mm?) may be used if

e current does not exceed dampere for lengths up to 2 feet (61 cm) and the
xceed 0.4 ampere for lengths up to 10 feet (3.05 m),

nere are two or more.conductors and they are covered by a common jacket o
alent,

e assembled conductors comply with the requirement of 54.2.1 for strain relig

ne installation instructions shall indicate that the lead shall not be spliced to a
f than 18 AWG (0.82 mm@).

minal

specified in
5, Section 57.

d length of 6

ger lead may

k, or injury to

eration of the

current does

the

f, and

conductor

15.3.2 Leads inmterndedfor conmection of & tine voittage source shatt ot be smatter—tarm

mm2).

AWG (0.82

15.3.3 Leads intended for connection to an external circuit shall comply with the strain relief test specified

in 54.2.1.
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15.4 Polarity identification

15.4.1 In a product intended to be connected to a grounded circuit, one terminal or lead shall be identified
for the connection of the grounded conductor. The identified terminal or lead shall be the one connected
to the screw shells of lampholders and to which no primary overcurrent-protective devices or other
switching devices of the single-pole type are connected.

15.4.2 A terminal intended for the connection of a grounded supply conductor shall be composed of or
plated with metal that is substantially white in color and shall be 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 distinguishable from the other leads.

16 Groundillg

16.1 A grounding means shall be provided for all equipment containing parts that¢reqlire gfounding, see
Bonding for Girounding, Section 20.

16.2 The follpwing are considered to constitute means for grounding:

a) Infa product intended to be permanently connected by a métal enclosed wiring $ystem, a
knockout or equivalent opening in the metal enclosure of-the product.

b) In[a product intended to be permanently connected by a nonmetallic-enclosed wiring system,
such|as nonmetallic-sheathed cable, an equipment grounding terminal or lead.

c) Inja cord-connected product, an equipment.grounding conductor in the cord.

16.3 On a pgrmanently connected product, a terminal intended solely for the connection of an equipment
grounding cdnductor shall be capable of securing a conductor of the size rated for the ppplication in
accordance With the National Electrical Code; ANSI/NFPA 70-1996.

16.4 A solddfring lug, a push-in terminal, a screwless connector, or a quick-connect or sinjilar friction fit
connector shall not be used for.the grounding terminal intended for the connection of field supply
connections ¢r for the grounding Wire in a supply cord.

16.5 On a germanently,_onnected product, a wire binding screw intended for the conmection of an
equipment grounding conductor shall have a green colored head that is hexagonal, slottgd, or both. A
pressure wirg connector intended for connection of such a conductor shall be plainly ident{fied by being
marked “G,”|”GR%“Ground,” “Grounding,” by the symbol @ or the like, or by a marking on a wiring
diagram provjded 'on the product. See also 16.6. The wire binding screw or pressure wire cgnnector shall
be secured its—unlikely to be
removed during service operations, such as replacing fuses, resetting manual-reset devices, or the like.

16.6 If a pressure wire connector intended for grounding is located where it could be mistaken for a
neutral conductor of a grounded supply, it shall be identified by a marking "EQUIPMENT GROUND” or
with a green color identification or both.
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16.7 On a permanently connected product, the surface of an insulated lead intended solely for the
connection of an equipment grounding conductor shall be finished in a continuous green color or a
continuous green color with one or more yellow stripes, and no other field wiring lead shall be so identified.

16.8 An equipment grounding conductor of a flexible cord shall be:

a) Finished to show a green color or shall be green with one or more yellow stripes;

b) Connected to the grounding member of an attachment plug having a fixed grounding
contact;

c) Connected by a screw or other means (not likely to be removed during servicing not

invol
not b

dy P
than

16.9 The scfew mentioned in 16.8(c) shall be of corrosion resistant metaly. or shall be prot
a manner that will not inhibit electrical conductivity between the screw a
lock washer shall be used to prevent the screw from be€oming loosened by v

corrosion in
conductor. A

16.10 If a p
connector bo|
be contacted
product end
broken last w

16.11 A grou

marked or tagged with instructions for its proper use. The adapter shall not be attached to th
hipment to the user.

plug during s

16.12 A dua
shall be prov,

e used for securing the grounding conductor; and

ovided for use on products intended for use on a circuit operating ata potenti
150 volts to ground.

fy, and has conductive parts that are connected\to the grounding conductor a

iNg the power supply cord) to the frame or enclosure of the appliance. solder

oduct is provided with a power supply cord or¢cord set incorporating a se

by a person during the connection or disconhection of the cord connecto

nding adapter included with a product equipped with a grounding type supply

alone shall

al of more

bcted against
hd any other
bration.

parable cord

nd that might

body at the

Df the cord, the construction shall be such that the grounding connection is made first and
ith respect to the power supply conductors.

cord shall be
e attachment

voltage rated appliance_{such as 120/240 volts) employing a grounding typeé supply cord

ded with a 120/240+olt grounding type adapter tagged with instructions for it

5 proper use.
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INTERNAL WIRING

17 General

17.1 Internal wiring shall have thermoplastic or rubber insulation not less than 1/64 inch (0.4 mm) thick
for 0 — 300-volt applications if:

a) Power is less than 375 volt-amperes,

b) C

urrent less than 5 amperes, and

¢) The wiring is not subject to flexing or mechanical abuse.

Otherwise, th
shall be used
equivalent in

17.2 Leads

length to permit the full opening of the cover without applying stress to the.leads or their con

leads shall b
between part

17.3 Insulati
as a result of
in intended u

17.4 Wirewa
may cause a
pass shall be
thicker than (

18 Wiring Methods

18.1 All splig

18.2 Strandd
strands solde

18.3 A splicq

18.4 A printg

s shall be smooth and free from sharp“edges, burrs, fins, moving parts, and

ermoplastic or rubber insulation not less than 1/32 inch (0.8 mm) thick and ‘g
bulating and mechanical properties.
br a cable assembly connected to parts mounted on a hinged’eover shall bg

b secured or equivalently arranged to reduce the risk of abrasion of insulation
5 of the enclosure.

bn, such as coated fabric and extruded tubing, shall*not physically or electrica

exposure to the temperature or other environmental conditions to which it may
5e.

brasion of the conductor insulation. Holes in sheet metal walls through which in
provided with a bushing if the wallis 0.042 inch (1.07 mm) or less thick. H
.042 inch shall have smooth, rounded edges.

es and connections sshall be mechanically secure and electrically bonded.

d conductors clamped under wire-binding screws or similar parts shall have
red together‘or-equivalently arranged.

shall be Jprovided with insulation determined to be equivalent to that of the w

d.wjring board shall comply with the Standard for Printed-Wiring Boards, UL 7

ted 600 volts

. Other insulating material of lesser thickness may be used if it has is~deternpined to have

p of sufficient
nections. The
and jamming

ly deteriorate
be subjected

the like, that
sulated wires
joles in walls

the individual

ires involved.

96.

18.5 A printed-wiring assembly treated with insulating coatings or encapsulation shall comply with the
requirements of the Dielectric Voltage-Withstand Test, Section 46, before and after being treated. If it is
impractical to use untreated samples, finished samples shall comply with the requirements of the
Dielectric Voltage-Withstand Test after they are subjected to the Humidity Test, Section 40; the
Temperature Test, Section 47; and other applicable tests described in this standard.
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18.6 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case, there
shall be a bushing or the equivalent which shall provide a smooth, rounded surface against which the cord
may bear.

18.7 If the cord hole is in phenolic composition or other nonconducting material, or in metal not less than
0.042 inch (1.07 mm) thick, a smooth, rounded surface is considered to be the equivalent of a bushing.

18.8 Ceramic materials and some molded compositions may be used for insulating bushings if they have
been investigated and found acceptable for the purpose.

18.9 Fiber may be used where it will not be subjected to temperatures 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 if it will not be
exposed to njoisture.

18.10 A soft|rubber bushing may be used in the frame of a motor if the bushing is notess than 3/64 inch
(1.2 mm) thick and if the bushing is located so that it will not be exposed to oil, gredase, oily vapor, or other
substance which may have a deleterious effect on rubber. If a soft rubber bushing is used in a hole in
metal, the hgle shall be free from sharp edges, burrs, projections, and the like;"which would be likely to
cut into the rlibber.

18.11 An ingulating-metal grommet may be used in lieu of an insulating bushing, provjded that the
insulating material used is not less than 1/32 inch (0.8 mm) thick-and completely fills the sgace between
the grommetfand the metal in which it is mounted.

19 Separatipn of Circuits

19.1 Internall wiring of circuits that operate at different.potentials shall be separated by barfiers, clamps,
routing, or other equivalent means, unless all conductors are provided with insulation that ig rated for the
highest poternjtial involved.

19.2 A barrigr used to provide separation(between the wiring of different circuits shall be ¢f metal or of
insulating material. A barrier of insulating-material shall not be less than 0.028 inch (0.71 mm) thick. Any
clearance befween the edge of a barrier and a compartment wall shall not be more than 1/16 inch (1.6
mm).
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20 Bonding for Grounding

20.1 In a product intended for connection to a high-voltage source, provision shall be made for the
grounding of all exposed or accessible noncurrent-carrying metal parts which are likely to become
energized and that may be contacted by the operator, user, or by service personnel during service
operations likely to be performed while the product is energized.

20.2 Uninsulated metal parts, such as cabinets, electrical enclosures, capacitors and other electrical
components, shall be bonded for grounding if they may be contacted by the operator, user, or service

person, exce
20.3 Metal p
a) A
outsi

meta

b) Is

pt as indicated in 20.3.

arts described as follows need not be grounded:

Hhesive-attached metal foil markings, screws, handles, and the like that are, lo
e of enclosures or cabinets and isolated from electrical components or\wiring
parts so that they are not likely to become energized.

pblated metal parts, such as small assembly screws, that are physically separa

wiring and uninsulated live parts.

c) C
sepa

d) P

barrigr of vulcanized fiber, varnished cloth, phenoli¢.composition, or similar materia

than
used

0.028 inch (0.71 mm) thick, and secured. inplace. If material having a lesser t
consideration is to be given to such factors as its electrical, mechanical, and

propérties when compared with materials inithicknesses specified above.

20.4 The res
unit, and any|

20.5 Any ap
requirement

conductor of
supply of not
means to a (g
the two point
current in am

20.6 The msg

istance between the point of comnection of the equipment grounding means, a
other point in the grounding.circuit shall not be more than 0.1 ohm.

a power supply cord; an alternating current (60 hertz) of at least 25 amperes
more than 12 yolts'is to be passed from the point of connection of the equipm
oint in the gfeunding circuit, and the resulting drop in potential is to be meas
5. The resjstance in ohms is to be determined by dividing the drop in potential i
peres.passing between the two points.

tal ‘enclosure of a product having a slide-out chassis is considered to be gr

hbinets, panels, and covers that do not enclose uninsulated live parts, if wiring
rated from the cabinet, panel, or cover so that they arg not likely to become energized.

hnels and covers that are insulated from electrical components and wiring by &

propriate instrument may be used to determine whether a product comp
n 20.4, but if unacceptable results are obtained from a circuit not including t

tated on the
by grounded

ed from

is physically

In insulating
s not less
hickness is
flammability

or within the

lies with the
he grounding
from a power
ent grounding
ired between
h volts by the

pbunded if the

resistance betweenthepoint-of tonmectionmof theequipmentgrounding means and enctosure does not
exceed 0.1 ohm. Unless a separate grounding conductor is used, all nonconductive coatings between the
enclosure and equipment grounding means shall be penetrated when the chassis is inserted in the
enclosure. In such cases, metal-to-metal contact shall be maintained at any point of insertion or
withdrawal of the chassis.
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20.7 Metal-to-metal hinge bearing members for a door or cover are considered to be a means for bonding
a door or cover for grounding if:

a) a minimum of two pin-type hinges are used, each with a minimum of three knuckles or
b) the hinges are continuous (piano-type).
20.8 A separate component-bonding conductor shall be of copper, a copper alloy or other material

determined acceptable for use as an electrical conductor. Ferrous metal parts in the grounding path shall
be protected against corrosion by metallic or nonmetallic coatings, such as enameling, galvanizing or

plating. A separate bonding conductor or strap shall:

a) B
encld

b) N
grou
of th

20.9 The bo
connections;
than 445°C

vitreous enar
other nonmet
Exception:
20.10 With r
screwhead o
means depe
engage the n

20.11 An intg¢rnal connection for bonding internal components to the enclosure for groundir

a field-instal
quick-connegc
limited to usg

b protected from mechanical damage or be located within the confines of the q
sure or frame and

bt be secured by a removable fastener used for any purpose other thian*bondi
ding unless the bonding conductor is unlikely to be omitted after removal and
fastener.

nding shall be by a positive means, such as by clamping, ortiveting, by bolte
or by welding, soldering and brazing materials having a_softening or melting
833°F). The bonding connection shall penetrate noaconductive coatings, suc
allic material.

bee 20.12.

bference to 20.9, a bolted or screwed:-¢onnection that incorporates a star was

nds upon screw threads, two orymore screws or two full threads of a singl¢
hetal.

ed grounding conductor or for the grounding wire in a supply cord, m
t terminal of the specified dimensions if it is not likely to be displaced and the
on a circuit having a branch circuit protective device rated as specified in Tal

uter

ng for
replacement

d or screwed
point greater
h as paint or

nel. Bonding around a resilient mount shall not depend on the clamping actiop of rubber or

her under the

a serrated screwhead, may be usedfor penetrating nonconductive coatings. If the bonding

b screw shall

g, but not for
by employ a
component is
le 20.1.
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Table 20.1
Internal terminal connections for bonding

Terminal dimensions, inches (mm) Rating of protective device, amperes
0.020 by 0.187 by 0.250 20 or less
(0.51 by 4.75 by 6.35)
0.032 by 0.187 by 0.250 20 or less
(0.81 by 4.75 by 6.35)
0.032 by 0.205 by 0.250 20 or less
(0.81 by 5.2 by 6.35)
0.032 by 0.250 by 0.312 60 or less
{0-8+by-6-4-by—+02)

20.12 A con
material may
the use of a
exposure to t
the effect of
considered, V
intended fash

20.13 On a
less than tha

20.14 Onay
shall be bas
connected. Tl
grounding co

hection that depends upon the clamping action exerted by rubber or~othe
be used if it complies with 20.15 under any intended degree of compression
variable clamping device and if the material’s intended performancé’is not i
ne effects of oil, grease, moisture, and thermal degradation which hiay occur in
hssembling and disassembling such a clamping device for maintenance purp
vith particular emphasis on the likelihood of the clamping -device being reass
ion.

ord-connected product, a bonding conductor or strap)shall have a cross-secti
of the grounding conductor of the supply cord..See also 20.16 and 20.17.

ermanently-connected product, the size of g, conductor used to bond an electr
bd on the rating of the branch circuit evércurrent device to which the equiy
he size of the conductor or strap shall be in accordance with Table 20.2. A
hductor is not required to be larger-than the circuit conductors supplying the e

Table 20.2
Bonding wire conductor size

r nonmetallic
esulting from
mpaired after
service. Also,
pses is to be
embled in its

pnal area not

cal enclosure
ment will be
n equipment
Quipment.

Rating of ovgrcurrent Size of bonding conductor?
device amperes . . .
Copper wire, Aluminum wire,
AWG (mm?) AWG mm2)

15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 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.

20.15 A conductor such as a clamp or strap used in place of a separate wire conductor as indicated in
20.14 may be used if the minimum cross-sectional conducting area is equivalent to the wire sizes
specified in Table 20.2.
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20.16 A bonding conductor to an electrical component need not be larger than the size of the conductors
supplying the component.

20.17 Splices shall not be used in wire conductors used to bond electrical enclosures or other electrical
components.

20.18 If more than one size branch circuit overcurrent protective device is involved, the size of the
bonding conductor is to be based on the rating of the overcurrent device intended to provide ground-fault
protection for the component bonded by the conductor. For example, if a component is individually
protected by a branch circuit overcurrent device smaller than other overcurrent devices used with the
equipment, a bonding conductor for that component is to be sized on the basis of the overcurrent device

intended for ground-fault protection of the component.

20.19 The clntinuity of the grounding system of the product shall not rely on the dimensief

nonmetallic n

20.20 It may
the like) des
energized if
Where it is
functional ing
comply with 1

20.21 Functi
and for basic|

a) A

b) Mjnimum through-air or over surface\spacings of 1/16 inch (1.6 mm).

20.22 The th
material used
used as func
mm) and thig
minute. The
supplementa

20.23 The in
reinforced ins
and supplem
and this insu

haterial.

not be practical to connect certain conductive parts (control shafts,ymounting
Cribed in 20.1 to the grounding means. Such parts are not considered like
upplementary insulation is used in addition to the functional ihsulation (see 20
mpractical to provide separate functional insulation and“\supplementary ir
ulation may be replaced by more substantial insulatiofi) ‘Such reinforced in
he requirements of 20.23.

pnal insulation is defined as the insulation necessary for the proper functioning
protection against electric shock, and shall have:

dielectric voltage withstand capability of 4000 volts for 1 minute and

ickness, insulation qualities,.and the resistance to deterioration as a resul
as supplementary insulation’ shall be no less than would be required for the g
ional insulation. The minirthum thickness of supplementary insulation shall be
insulation shall have a dielectric voltage withstand capability of at least 25
minimum through-air or over surface spacing between conductive parts
y insulation shallibe 1/16 inch (1.6 mm).

sulation qualities and resistance to deterioration as a result of aging of matg

bntary.insulation. The minimum thickness of reinforced insulation shall be 5/64
ation”shall have a dielectric voltage withstand capability of at least 3500 volts

al integrity of

screws, and
y to become
21) provided.
sulation, the
sulation shall

bf the product

t of aging of
ame material
/32 inch (0.8
DO volts for 1
beparated by

rials used as

ulation (shall be no less than the total that would be required for the combination of functional

nch (2.0 mm)
for 1 minute.

The minimur
separated by

T through=airor-over surface spacing betweer tive parts—and accessibte tor
reinforced insulation shall be 1/8 inch (3.2 mm).

ductive parts

20.24 A convenience receptacle provided on a product intended to be grounded shall be of a grounding
type. The grounding contact of the receptacle shall be electrically connected to the grounding means of
the product.
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COMPONENTS, ELECTRICAL

21 General

21.1 Mounting of components

21.1.1 A switch, lampholder, attachment-plug, connector base, or similar electrical component shall be
secured in position and, except as noted in the following paragraphs, shall be prevented from turning.

21.1.2 The requirement that a switch be prevented from turning may be waived if the construction

complies with

all of the following:

a) T

b) The means for mounting the switch make it unlikely that the operation)of the sw|

loosd

c) S

d) The operation of the switch is by mechanical means rather than by direct contac

persq

21.1.3 A lam
light in which
will not redug

21.1.4 Unins
prevented frd
the acceptal
contacts.

21.1.5 The n

21.1.6 Aloc
means for p

mounting mepns.

21.1.7 Aflu

0.040 inch (1.02ymm) or thicker nonferrous metal, or of 0.100 inch (2.54 mm) or thicker n

€
switc
operation of the switch,

bacings are not reduced below the minimum required values-if the switch rotat

switch is a plunger or other fype that does not tend to rotate when operaieq
is considered to be subject to forces that tend to turn the switch during inten

n it,

ns.

pholder of the type in which the lamp cannotbe replaced, such as a neon pil
the lamp is sealed in a nonremovable jewél) need not be prevented from turn
e spacings below the minimum required™values.

. A toggle

ded

tch will

es, and

t by

bt or indicator

ing if rotation

ulated live parts shall be so secured’to the base or mounting surface so that they will be

m turning or shifting in positionfy such motion may result in a reduction of sp
le values. Securing of contact”assemblies shall provide for the continued

heans for preventingwturning shall not consist only of friction between surfaces
washer which provides both spring take-up and an interference lock may bq

eventing from, turning a small stem-mounted switch or other device having

plate for outlet-box mounting shall be of 0.030 inch (0.76 mm) or thicker fer

material.

acings below
alignment of

used as the

a single-hole

ous metal, of
onconductive

21.1.8 A yoke, strap, or the mounting ears of a part intended to be mounted on a standard outlet box or
similar back box shall be of 0.040 inch (1.02 mm) or thicker steel. If a nonferrous metal is used, it shall
be of a thickness sufficient to provide mechanical strength and rigidity equivalent to that of 0.040 inch thick

steel.
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21.2 Insulating materials

21.2.1 An insulating base for the support of live parts shall be of a flame-resistant, moisture-resistant
insulating material, such as porcelain, phenolic or cold-molded composition, or the equivalent. See the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

21.2.2 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 which 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.

21.2.3 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers, but not
for the sole spipport of live paris it shrinkage, current leakage, or warping of the fiber may injroduce a risk
of fire or eledtric shock.

21.2.4 A couptersunk sealed live part shall be covered with a waterproof insulating,eompour]d that will not
melt at a tefperature 15°C (27°F) higher than the maximum intended operating tempgrature of the
assembly, and at not less than 65°C (149°F) in any case. The depth or thickness of sealifg compound
shall not be Iess than 1/8 inch (3.2 mm).

21.2.5 The tmickness of a flat sheet of insulating material, such as phénolic composition or the like, used
for panel-mouinting of parts shall not be less than that indicated in.Table 21.1.

Table 21.1
Thickness of flat sheets of insulating material

Maximum dimensions Minimum thicKness,
Length or width, Area,
inches (cm) inches? (cm?) inch (mm)
24 (61) 860 (2322) 3/82 (9.59)
48 (122) 1152 (7432) 1/2 (12.7)
48 (122) 1728 (11148) 5/8 (15.9)
48 (122) Over 1728 (11148) 3/4 (19.1)

@ Material less fhan 3/8 inch (9.5 mm) but not less than 1/8 inch (3.2 mm) in thickness may be used for a panel if the panel is
adequately supported or reinforced to provide rigidity not less than that of a 3/8 inch (9.5 mm) sheet. Material legs than 1/8 inch
(3.2 mm) may Ipe used for subassemblies, such as supports for terminals for internal wiring, resistors, and other fomponents.
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21.3 Fuseholder

21.3.1 A fuseholder shall be installed or protected so that adjacent uninsulated high-voltage live parts,
other than the screw shell of a plug fuseholder, cartridge fuse clips, or wiring terminals to the fuseholder,
will not be exposed to contact by persons removing or replacing fuses. A separation of less than 4 inches
(102 mm) is considered to be adjacent.

21.4 Current-carrying parts

21.4.1 All current-carrying parts shall be of silver, copper, a copper alloy, or other material determined as
to be acceptable for use as an electrical conductor.

Exception: Wlultimetallic thermal elements and heater elements of a thermal protector nedd not comply
with this reqirement.

21.4.2 Bearifpgs, hinges, and the like shall not be used as current-carrying parts.

21.5 Power-pn indicator

21.5.1 Loss pf commercial power shall be indicated. See Power Failure TFest, Section 62.
22 Overcurrent Protection

22.1 If primary circuit breakers or fuses are provided, their rating shall be in accordance with the
maximum ingut to the product.

23 Semicongductors

23.1 Semicopductors shall be rated for the intended application under all environmental |conditions to
which they may be exposed in service. See Performance Tests, Sections 28 — 58.

24 Switcheq
24.1 A switch provided as part ofithe product shall have a current and voltage rating not legs than that of
the circuit it gontrols when the-product is operated under any condition of intended servicel If the circuit
controlled hag a power factar less than 75 percent, the switch shall have:

a) Alhorsepowerrating (judged on the basis of the ampere equivalent) or

b) Alrating.of not less than 200 percent of the maximum load current.
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25 Transformers and Coils

25.1 A transformer shall be of the two-coil or insulated type.

Exception: An autotransformer may be used provided that the terminal or lead common to both input and
output circuits is identified as being intended for connection to the grounded conductor, and the output

circuits are located only within the enclosure containing the autotransformer. See 15.4.1.

25.2 Coils shall be treated with an insulating varnish, and baked or otherwise impregnated to exclude
moisture.

25.3 Film-coated or equivalently coated wire is not required to be given additional treatment to reduce the
risk of moistyre absorpfion.

SPACINGS
26 General

26.1 Spacings between uninsulated live parts and between uninsulated live,parts and dead metal parts
shall not be Iess than those indicated in 26.2 — 26.5.

26.2 The spacing between an uninsulated live part and:
a) Al|wall or cover of a metal enclosure,
b) Affitting for conduit or metal-clad cable, and

c) A|metal piece attached to a metal enclosure, where deformation of the enclosurg is likely to
redug¢e spacings,

shall not be Iess than those specified in Table 26.1. See Figure 26.1.

Table 26.1
Minimum spacings

Point of application Minimum spacings
Voltage range, Through air, Over surface,
volts inch (mm) inch (mm)

To walls of encjosure:

Cast metal enclosures 0 - 300 1/4 (6.4) 1/4 (6.4)
Sheet metal erctosares =50 74 (672) 7% (6.4)
51 — 300 1/2 (12.7) 1/2 (12.7)
Installation wiring terminals:
(General application)? 0-30 3/16 (4.8) 3/16 (4.8)
31 -150 1/4 (6.4) 1/4 (6.4)
151 — 300 1/4 (6.4) 3/8 (9.5)
Installation wiring terminals, except solder-type
terminals (special application, see 15.2.3.1) 0-230 1/8 (3.2) 1/8 (3.2)
31 -150 3/16 (4.8) 3/16 (4.8)
151 — 300 1/4 (6.4) 1/4 (6.4)

Rigidly clamped assemblies:?

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Point of application Minimum spacings
Voltage range, Through air, Over surface,
volts inch (mm) inch (mm)
100 volt-amperes maximum 0-30 1/32¢ (0.8) 1/32¢ (0.8)
Over 100 volt-amperes 0-30 3/64 (1.2) 3/64 (1.2)
31 -150 1/16 (1.6) 1/16 (1.6)
151 — 300 3/32 (2.4) 3/32 (2.4)
Other parts 0-30 1/16 (1.6) 1/16 (1.6)
37 - 150 178 3.2) 174 (6.4)
151 — 300 1/4 (6.4) 3/8 (9.5)
a8 Measurements are to be made with solid wire of adequate ampacity for the applied load connected tofeach terfninal. In no
case shall the ire be smaller than 18 AWG (0.82 mm?).
b Rigidly clamppd assemblies include such parts as contact springs on relays or cam switches, printed-wiring boards, and the
like.
¢ Spacings lesq than those indicated are permitted for printed-wiring board traces of circuits\inyolving integrated ¢ircuits and
similar compongnts where the spacing between adjacent connecting wires on the component is less than 1/32 ingh (0.8 mm).
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Figure 26.1
Component spacings
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A — Uninsulated|live parts,of'a component.

B — Insulating mpterial”of a component.

C — Mounting screw of a component.
D — Dead metal part of a component.
E — Dead metal parts of the product.
F — Spacings to which the requirements of this standard apply unless specifically noted otherwise.

G — Spacings to which the requirements in this standard may not apply.
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26.3 The spacings between an uninsulated live part and:

a) An uninsulated live part of opposite polarity,

b) An uninsulated grounded dead metal part other than the enclosure, and

c) An exposed dead metal part that is isolated (insulated)

shall not be less than those indicated in Table 26.1. See also 27.1 and 27.2 and Figure 26.1.

26.4 If a short circuit between uninsulated live parts of the same polarity would prevent the intended
operation of the product without simultaneously producing an alarm signal, the spacings between such

parts shall ndt be Tess than those indicafted for ofher paris in Table 26.7.

26.5 Film-copted wire is considered an uninsulated live part in determining compliapce)of 3
the spacing requirements, but film-coating may be used as turn-to-turn insulation 4n, coils.

27 Components

27.1 A galvanhometer-type relay in which the spacings do not comply with’the requirement

be used if, u
27.2 Minimu
similar relate
used in eleg
requirements
Voltage-With

27.3 The spa
are judged o

PERFORMA
28 General

28.1 Test un

product with

5 in 27.2 may
on investigation, it complies with the performance requifements in this standayd.

M values of spacings are not specified for vacugmvtube and semiconductor] sockets and
0 component parts, such as vacuum tubes, semiconductors, potentiometers,|and the like,
tronic circuits. However, if the spacings ifCsuch components do not comply with the
of 26.2 — 26.5, the spacings shall be such that the circuit complies with the Dielectric
stand Test, Section 46.

cings within snap switches, lampholders, and similar wiring devices supplied as
h the basis of the requirements, for such devices.

part of a unit

NCE — ALL UNITS

its and data

28.1.1 Digit
used for the

28.1.2 The
that substitut
obtained with

alarm cemmunicator system units that are fully representative of production units are to be

ests described in Sections 32 — 58 unless otherwise specified.

vices used for testing are to be those specified by the wiring diagram of the prpduct, except
i i i iti ivalent to those
the devices intended to be used with the product.
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28.2 Test samples and miscellaneous data

28.2.1 The following samples are to be provided for testing:

a) Two or more complete samples of the product(s) to be tested.

Exception: A single sample may be provided if the size and complexity of the product would
make it impracticable to provide more than one sample. The single sample shall be fully
representative of the product.

b) One or more samples of each encapsulated or sealed assembly are to be provided in the
unencapsulated or unsealed condition.

c) In

d) If
alarn
comr
trans

e) If
more
comr

f) If {
comn
comg

28.3 Test vd

28.3.1 Unles
frequency an

stallation and operating instructions (see 7.1 and 7.2).

the product to be tested consists only of a digital alarm communicatgr, transmi
communicator receiver, or equivalent equipment that is compatible_with the
hunication format of the transmitter shall be provided to aid in determining that
Mmitter has communicated properly during the tests.

the product to be tested consists only of a digital alarm ¢dmmunicator receive

digital alarm communicator transmitters, or the equivalent, equipment using th
hunication format as the receiver shall be provided)for the tests.

hunication formats, the additional equipmentirequired as specified in (d) and (
atible with all formats.
Itages

s specifically noted otherwisey the test voltage for each test of a product shall b
1 as specified in Table 28.4:

Table 28.1
Voltage for tests

tter, a digital

the

r, two or
e same

he digital alarm communicator transmitter and receiver to be tested can use rlultiple

) shall be

e at the rated

Voltage rating of product Test potential, volts
110 - 120 120
220 — 240 240
Other Marked rating
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28.4 FCC requirements

28.4.1 A product radiating or utilizing radio frequency energy shall comply with the regulations of the
Federal Communications Commission (FCC) before it is submitted for test. A letter of certification or the
equivalent from the FCC is required as evidence of compliance.

29 Operation

29.1 All data exchanged between the transmitter at the protected premises and the receiver at the
central-station shall be by digital code or equivalent.

Exception: A voice message may be used to provide supplementary data only.

29.2 If the digital alarm communicator transmitter is required to send a message to thercentral-station or
residential nitoring-station, it shall seize the telephone line at the protected premiseq, cut off any
outgoing telephone call in progress, and prevent use of the line for future outgoing télephgne calls until
the signal trahsmission has been completed and the digital alarm communicater fransmitter disconnects.

29.3 In addition to the requirement of 29.2, the digital alarm communicator transmitter shall also
disconnect afy incoming call to free the telephone line for a signal transmission. See 29.4.

Note: This requitement will preclude the use of a digital alarm communicator systemin a telephone system where the disconnection
of an incoming dall cannot be obtained if the calling party does not go on-hook (hang up).

29.4 The digjtal alarm communicator transmitter shall obtain’a dial tone by one of the methods specified
in either (a) qr (b):

a) After going off-hook, the transmitter shallwait for 3 to 7 seconds before beginninpg the dialing
procgss. If additional attempts are neededto contact the central-station, the wait mpy be
lengthened before beginning the dialing process.

b) After going off-hook, the trahsmitter shall wait until the dial tone frequency(s) hap been
detegted and then begin the 'dialing process. The wait for the dial tone shall not ex¢eed 7
secopds. If the dial tone has-not been detected within 7 seconds, the transmitter shall go
on-hgok, wait for a predetermined period of time, go off-hook and start the sequenge again. On
the spcond and subSeguent attempts to detect the dial tone, the wait may exceed 7 seconds.

The time spenht on-hookbetween attempts for method (a) or (b) shall be sufficient to cause the telephone
company’s system tg_disconnect any incoming call that may have been present when the transmitter went
off-hook. Seq 29.3:

Exception:
system in which the transmitter is being used permits or requires it.

ifthe telephone
29.5 After the digital alarm communicator transmitter has contacted the digital alarm communicator
receiver:

a) It shall verify that contact has been made with the proper receiver,

b) The transmitter shall send its message,

c) The receiver shall verify that the message is valid, and
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d) The transmitter shall switch to on-hook (disconnect) as soon as the verification of its final
message and action is received.

The probability of verifying an invalid signal shall be a ratio of 1 to 1000 or less.

29.6 The digital alarm communicator transmitter and receiver units shall provide for the conditions

specified in (a

) and (b):

a) If the transmitter does not receive a signal verifying that contact had been made with the
receiver, it shall go on-hook after waiting no more than 45 seconds and then attempt to make
contact again.

b) If fhe Transmitter does not receive a sign-off signal indicafing that a valid messa
receiyed, verified and accepted, the transmitter shall go on-hook, and then attempt
contgct and deliver the message again. The transmitter may send the message a s

befo

29.7 The tra
or residential
the transmis

delivered to the central-station, the failure to communicate indicator abthe protected prem

need to latch

Exception Nd
to the centrd
contact was

Exception Ng
or a combing
been unable
been made i

Exception Nd
system, an in

29.8 The red

transmitter in
home health

29.9 When't

going on-hook, but shall not wait more than 5 seconds for the signseff“signa

smitter shall make no less than five nor more than ten attempts to.contact the g
monitoring station receiver, deliver an acceptable message,-and receive a sig
5ion line has been restored to normal and a communicatien failure messa

n.

. 1: The transmitter may indicate to the alarm system user that an attempt ha
|-station or residential monitoring station receiver during the secure (night) n
made or not.

. 2: For a digital alarm communicator;ttansmitter used in a residential burglar
tion residential burglar-alarm and fite 'warning system, an indication that the tn
to make contact with the receiver or an indication that an attempt to transmi
b not required until the next time’it is armed or disarmed by the user.

. 3: For a digital alarm ‘communicator transmitter used in a home health care
dication of either a failure to communicate or an attempt to communicate is nq

uirements in 29.9= 29.11 and 29.20 — 29.24 do not apply to a digital alarm ¢
fended for use in a residential burglar-alarm system, a residential fire warning
care medijcal alert system.

ne digital alarm communicator transmitter is placed into the secure (night) mod

of the sign-of]

signal indicating a successful transmission shall be indicated to the user by a

hJe has been
to make
econd time
in any case.

entral-station
n-off signal. If
ge has been
ses does not

s been made
hode whether

alarm system
ansmitter has
a signal has

medical alert
bt required.
ommunicator

system, or a

e, the receipt
Lidible, visual,

or both types

of sigmats—tfabackup time s used withrthe transmitter {see29-10); the cormnditio

n of that line,

normal or abnormal, shall be indicated to the alarm user when the system is placed into the secure (night)

mode.

29.10 The telephone line connected to the digital alarm communicator transmitter shall be supervised as
specified in either (a) or (b):

a) Two telephone lines shall be used and the transmitter shall be able to switch from one to the
other. Both telephone lines shall be monitored so that if a fault develops on either one, the
transmitter will contact the receiver through the remaining line to report the fault and identify it
as a telephone line trouble. In systems having telephone instruments without bell-ringing
capacitors, the fault shall be present at least 15 seconds but no more than 45 seconds before
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the trouble signal is transmitted. In systems having telephone instruments with bell-ringing
capacitors, the time to detect a fault may be approximately 65 seconds for each telephone
instrument on the line. Therefore, no more than two telephone instruments shall be on each of
the two telephone lines. It is suggested that the telephone line used for primary reporting be
connected to no more than one instrument.

b) The transmitter shall contact the receiver with an identifiable signal at least once every 24
hours. The normally scheduled opening signal, closing signal, or any other signal may be used
for this purpose. If none of these signals are transmitted during a 24-hour period, an identifiable

signa

I, used for this specific purpose, shall be transmitted.

29.11 If telephone line supervision is provided as described in 29.10(a) the transmitter shall switch to the

secondary tg
telephone lin
switch back

number of atfempts required in 29.7.

29.12 A dig
telephone lin

29.13 A mes
a) O
b) O
c) B
A permanent

29.14 Each
audible sign

29.15 When
as it is receiy
visible, or be
continue its @

29.16 When

a) A

ephone Tine after one or two attempts 10 make contact with the receiver o
b. After making one or two attempts on the secondary telephone line, the\tra
o the primary line. This sequence shall be continued until the transmitier h

tal alarm communicator receiver unit shall accommodate a 'minimum of 1
bS. Incoming transmissions shall go to the first available lines
sage shall be displayed:
h a visual display and a printer,
n a minimum of two printers, or

any other equivalent dual means.

recording of each message shall be-made.

essage shall initiate an audible’signal that shall continue to sound until manua
a visual display and«a printer are used, the printer shall automatically record e
ed. The message-shall also be automatically shown on the visual display ang
periodically repeated (scrolled), until manually cleared. The printer or visual
peration when the other is out of service.

two or_ more printers are used, they shall operate as specified in either (a) or

minimum of two printers shall automatically record each message received

| may be silenced separately’from the clearing of the visual display. See 29.15.

the primary
smitter shall
as made the

wo incoming

lly reset. The

ach message
shall remain
display shall

b):

b) One printer shall automatically record each message received and a standby printer shall be
provided that can be put into service within 30 seconds. Failure of an operating printer shall

result in audible and visual signals that identify the failed printer. The ratio of standby printers to
operating printers shall not be less than 1 to 5.
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29.17 Messages shall be displayed in an alphanumeric code, numeric code, written text, or equivalent
code that will identify the transmitter and the nature of the condition that has caused the message to be
transmitted.

29.18 An opening, closing, alternating current power failure, battery failure, or the like, shall be
distinguished from alarm signals. See 63.2 — 63.6. An opening and closing signal shall be identified as
such.

Exception: This requirement does not apply to a transmitter used in a residential burglar-alarm system,
a residential fire warning system, or a home health care medical alert system.

29.19 If the digital alarm communicator receiver is automated or connected to a central-station
automation 1ystem, only those messages thaf require action by an operafor need be Eisplayed, for

example an unauthorized entry, power failure, battery failure, and the like. Messages relating to opening
and closing Wwithin the established time intervals shall cause a response by the automated system and
shall be recgrded in a manner that will allow recall and display by an operator or other authorized
central-statign personnel. Automated systems shall comply with the requiréements fgqr automated
central-statiop systems in the Standard for Central-Station Burglar-Alarm Systems, UL 11, and the
Standard for [Central-Station Burglar Alarm Units, UL 1610.

29.20 If the |digital alarm communicator transmitter determines that opening and closing signals are
acceptable of unacceptable, a transmission only once every 24 haodrs to the central-station| is required if
the method df supervision specified in 29.10(b) is used.

29.21 With feference to the requirements of 29.20, a‘digital alarm communicator transmitter may
determine an acceptable or unacceptable opening and’closing as specified in either (a) or (b). The
indication of|a successful closing signal transmission required by 29.9 is not required|under these
conditions.

e day to day opening and closing schedule shall be established in the memoty of the
itter so that an opening (disarming) or closing (arming) taking place at an acgeptable
ill not cause a transmissign’to the central-station. An opening (disarming) or closing
(arming) taking place at an unacceptable time will result in a transmission of this cgndition to
the cpntral- station. The apening and closing time parameters shall comply with thg Standard

b) The alarm usetshall be provided with a code that when entered in combination |with the
action of an opgéening or closing, shall prevent the transmitter from sending a message to the
centrpl- station! ‘Entry of an incorrect code shall result in a transmission to the centfal-station

29.22 With r i : ; ; des available
for use in the system. A combination of codes may be used by each alarm user and each combination
may have different levels of acceptance.

29.23 The scheduled openings and closings acceptable under the requirements of 29.21, shall be stored
and transmitted to the central-station receiver for recording when the transmitter makes its check-in
transmission once every 24 hours. Equivalent methods of storing and recording of the scheduled openings
and closings may be used.
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29.24 To prevent the transmission of an alarm signal before an acceptable opening has been initiated,
an entry alarm caused by the alarm user entering the protected premises may be delayed up to 45
seconds. However, this delay time shall be added to the attack time specified in 58.1.

30 Subscriber’s Control Units
30.1 A digital alarm communicator transmitter shall either be an integral part of the subscriber’s control
unit or a separate unit that can interface with a subscriber’s control unit. A separate unit shall comply with

the requirements specified in 30.2 — 30.4.

30.2 The subscriber’'s control unit shall provide for the connection of protective wiring, conductors, and

attachments.

30.3 A contr
or an extent
sufficient sizq
will initiate arn
protection of

30.4 Control
the protectiveg

30.5 Openin
components
without causi

31 Circuit a

31.1 The prg
to initiate an
initiating devi

31.2 A time
breaks, crosq
is not require

31.3 The cirg
be stopped b

31.4 There S
set for duty.

bl unit or terminal panel intended to be located outside of a complete vaultja‘e
number 1 stockroom shall be electrically protected so that no opening\can
to permit defeat of the system without initiation of an alarm conditiog- A"tamp
alarm if the unit is removed from its mounting surface is to be censidered su
the mounting surface side of the unit.

units mounted inside the protected area shall have the coyver-electrically super
wiring circuit to protect against unauthorized opening. See 11.2.3.

s in the enclosure shall not give access to any“relays, terminals, contro
that might be subject to tampering by hand orswith hand tools, wires, hooks,
hg an alarm signal.

nd Operation of Subscriber Control Unit

tective circuits and attachments shaill’be of the electrically-supervised type, sd

alarm if the protective circuit is"ppened, circuits of opposite polarity are cros
Ce in the circuit transfers to the alarm condition.

es, leakage to ground, or the like, in circuits where quick reaction to such ala
d.

uit shall be Genstructed so that once an alarm is initiated from a protective cir|
y removing-the cause thereof.

hall b€ an indicating signal, at the time of setting the system, signifying that al

bmplete safe,
be created of
br device that
ficient for the

vised through
s, or related

and the like,

arranged as
ssed, or if an

pdelay of 1 second may'bé used to prevent unintentional alarms resulting frofn momentary

rm conditions

cuit, it cannot

protection is
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32 Normal Operation Test
32.1 A unit shall perform its intended function when installed in accordance with 32.3.

32.2 The unit is to be mounted in the intended manner and its terminals connected to circuits of related
products as indicated by the installation wiring diagram so as to represent a typical system combination.

32.3 A digital alarm communicator transmitter shall be connected into the telephone switched network
(dial system) and programmed to contact a digital alarm communicator receiver with which it is
compatible.

32.4 If a product must be mounted in a definite position in order to function as intended, it shall be tested

in that positid
32.5 Power-i
as specified

operation wh

32.6 When i

operation andl shall be positive in its operation.

33 Incorrect

33.1 There {
connected to

33.2 A powe
and ground.

33.3 There {
output lines 4
to the one to

33.4 If dama
installer duri

required, polarity markings shall’appear immediately adjacent to wiring terminals.

n.
nput supply terminals are to be connected to supply circuits of rated veltage 3
n 28.3.1. A product under test shall be in the circuit condition ready for inten
BN it is connected to related products and circuits as specified in 32.2— 32.4.

hstalled as recommended by the manufacturer, a productishall not be su

Connection Tests

hall be no internal damage to circuitry if field wiring terminals are shorted to
power supply terminals. See also 33.4.

I source of rated test voltage, see 28.3.1,48 to be connected between the termi
hall be no internal damage to circuitry if all connections to power terminals §
re reversed as pairs, reversed.individually, or individually connected to any tern

which it is intended to beconnected.

ge can result from incorrect connections, markings shall be provided, clearly
g installation, that\warn of consequences of incorrect connection. If corre

nd frequency
ded signaling

bject to false

gether or are

hal under test

nd input and
ninal adjacent

visible to the
ct polarity is



https://ulnorm.com/api/?name=UL 1635 2018.pdf

54 DIGITAL ALARM COMMUNICATOR SYSTEM UNITS - UL 1635

APRIL 13, 2018

34 Input Test

34.1 The input to a product shall not exceed the marked ampere, current, power, or volt-ampere rating
by more than 10 percent when the product is operated under all conditions of use when connected to a

source of supply in accordance with the requirements in 34.2.

34.2 The test voltage for this test is to be the maximum rated voltage for the product. For a p
a single voltage rating, such as 115 volts, maximum rated voltage is to be that single voltage.
is given in terms of a range of voltages, such as 110 — 120 volts, the maximum rated voltage
value of the range.

35 Output Measurement Test

roduct having
If the voltage
is the highest

35.1 The m¢
unit is conne

asured output voltage of a product shall be within the limits specified in Tablé-
cted to a source of supply as specified in 28.3.1.

Exception:
voltage oper:

F'he limits of Table 35.1 do not apply if a product specified to be connected
hies as intended at all voltage levels.

Table 35.1
Output voltage limits

85.1 while the

to an output

No load Full load
85 percent rated | 100 percent rated | 110 percent rated | 85 percent rated | 100 percent rated | 11Q percent rated
input input input input input input

85 to 110.5 pe
of rated maxin|

104
of

cent
um

100 to 130 percent
of rated maximum

100 to 143 percent
of rated maximum

8540 100 percent
of rated maximum

100 to 110 percent
of rated maximum

to 110 percent
ated maximum

35.2 The mg
in turn, shall

asured voltages at the output circuits; with the minimum and maximum rated
be compatible with the rating of the product intended to be connected to the ¢

35.3 The oufput circuits shall be power.limited. See 6.3.

Exception:
method reco

This requirement does .not apply to an output circuit using a connecting de
gnized for high-voltage wiring, such as a 125 volt, 15 ampere, parallel blade rg

35.4 To detgrmine if the\output capacity of an inherently limited power source comp
requirements|in 35.3, a’variable resistive load is to be connected to a circuit to simulate all

intended to gbtain theirenergy from that circuit. With the product connected to a rated sou
(see 28.3.1), |the resistive load is to be varied between open circuit and short circuit conditig

oads applied
rcuit.

vice or other
ceptacle.

lies with the
oads that are
rce of supply
ns in no less
rded for each

than 1-1/2 nqr.more than 2-1/2 minutes. Voltage and current measurements are to be reco

be shunted out during the test, if necessary.

vided, it may



https://ulnorm.com/api/?name=UL 1635 2018.pdf

APRIL 13, 2018

DIGITAL ALARM COMMUNICATOR SYSTEM UNITS - UL 1635

55

36 Electrica

| Supervision Test

36.1 Malfunctioning of an electronic component, such as opening or shorting of a capacitor, either shall
not impair the intended operation or shall be indicated by a trouble or alarm signal, or the product shall be
provided with a test feature as described in 36.3.

36.2 A malfunction of the power supply or a loss of primary power shall result in the transmission of a
trouble signal to the central-station identifying the fault. See 63.2 — 63.5.

36.3 A manual test feature provided as a part of the operation of the system that effectively tests the
capability of critical components or the battery will be accepted in lieu of electrical supervision.

36.4 With reference 1o the requirements in 36.3, a "critical component” is defined as a comyj

malfunctionin

36.5 A cover
results in an
components

Exception:
37 Undervo

37.1 A prodd
rated voltage

37.2 A prody
the standby {

37.3 If the n
less than 10(Q
circuit during
of 100 ohms

g will impair the operation of the product or will cause a risk of fire or electric
door, or access panel shall be electrically supervised (protected) so thatopeni
alarm or trouble signal if it gives access to any relay, terminals, contro

hat might be subject to tampering. See 30.3 and 30.4.

[his requirement does not apply to equipment located at the-central-station.

tage Operation Test

ct shall operate for its intended signaling perfotmance while energized at 85

ct shall be tested for operation at 85 percent of nominal battery voltage whilé¢
ower condition.

aximum impedance of an initiating device circuit extended from a product is r
ohms in order to obtain intended operation, maximum impedance is to be cor

this test. If no impedancelimitation is indicated in the installation instructions, &
is to be used in the initiating device circuit.

38 Overvoltage Operation Test

38.1 A prodd
condition and

38.2 The prdg
its intended

ct shall withstand 110 percent of its rated supply voltage without damage durin
shall operate for its intended signaling performance at the increased voltage.

5ignaling performance. For this test, 0 ohms line impedance shall be used in

onent whose
shock.

ng or removal
s, or related

percent of its

b operating in

equired to be
nected to the
n impedance

j the standby

duct i to be subjected to the increased voltage in the standby condition and then tested for

the initiating

device circuit
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39 Variable Ambient Test

39.1 A product shall function as intended at the test voltage and at ambient temperatures of both 0° and
49°C (32° and 120°F). The exposure to either of these temperatures shall be for a minimum of 4 hours.

Exception: A product intended for use in a central-station equipped with heating and air conditioning
systems, and equipped with a secondary power supply to maintain the operation of these systems, may
be exposed to temperatures of 13° and 35°C (55° and 95°F). The installation instructions of a product
tested to these temperatures shall indicate these necessary conditions. See 84.1(0). Such products need
not comply with the requirements of the Humidity Test, Section 40, but shall comply with the requirements
of the Leakage Current Tests for Cord-Connected Products, Section 41, but without humidity conditioning.

40 Humidity] Test

40.1 A prodyct shall function as intended during and after exposure for 24 hours to-air haying a relative
humidity of 85 +5 percent and a temperature of 30 £2°C (86 +4°F).

40.2 Cord-cgnnected products powered from a high-voltage source shall comply with the applicable
requirementg of the Leakage Current Tests Section 41, immediately following exppsure to the
environment ppecified in 40.1.

41 Leakage|Current Tests for Cord-Connected Products

41.1 The legkage current of a cord-connected product intended to be located in an area jaccessible to
contact by a person, or a cord-connected product interconnected to a product accessible tq contact by a
person, shall not exceed the values specified in Table 41.1, when tested in accordahce with the
requirements|in 41.7 and 41.8, immediately after exposure to the Humidity Test, Section 4Q.

Table 41.1
Maximum leakage current

Type of product? Maximum leakage current®, (mA|
2-wire cord-gonnected product 0.50
3-wire (including grounding conductdr).cord-connected, 0.50
portable product
3-wire (including grounding conductor) cord-connected 0.75
stationary or fixed product

2 Products which incorporate a loss-of-ground detector which dependably opens the live conductors are exemgted from the
requirementg of this_tabte.
b |f an electrgmagnetic radiation suppression filter is necessary for the equipment to function as intended, the lpakage
current may pexno more than 2.5 milliamperes provided the equipment complies with the following conditions:

1) The equipment is provided with grounding means in accordance with the applicable requirements for cord-
connected equipment in 16.1 — 16.12.

2) With the filter removed from the equipment, the leakage current does not exceed the limits specified in this table,
as applicable, and

3) The equipment is marked in accordance with 84.13.

41.2 For this test, the product is to be de-energized, removed from the humidity environment, placed on
a dry insulating surface, and immediately reenergized from a rated source of supply in accordance with
28.3.1. Leakage current measurements are to be made with the product in the standby and operating
conditions.
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41.3 With reference to the requirements in 41.1, leakage current refers to all currents, including
capacitively coupled currents, that may be conveyed between exposed conductive surfaces and ground
or other exposed conductive surfaces.

41.4 All exposed conductive surfaces are to be tested for leakage currents. Where these surfaces are
simultaneously accessible, leakage currents from these surfaces are to be measured to the grounded
supply conductor individually, as well as collectively, and from one surface to another. Parts are
considered to be exposed surfaces unless enclosed in a manner that reduces the risk of electric shock.
Surfaces are considered to be simultaneously accessible if they can be readily contacted by one or both
hands of a person at the same time.

41.5 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage curréntis o be measured using metal foll with an area of 100 by 200 m||||meters{:.94 by 7.87

inches) in comtact with the surface. If the surface is less than 100 by 200 millimeters themmetal foil is to be
the same siz¢ as the surface. The metal foil is not to remain in place long enough to affect th¢ temperature
of the produ

41.6 The me@asurement circuit for leakage current is to be as illustrated in Figure’41.1. The measurement
instrument is| described in (a) — (c). The meter used for a measurement\need only indicate the same
numerical value for a particular measurement as would the described instrdment and need not have all of
the attributes| of the described instrument.

a) The meter is to have an input impedance of 1500 afims resistive shunted by a ¢apacitance
of 0.15 microfarad.

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

c) Oyer a frequency range of 0 — 100 kkiz, the measurement circuitry is to have a frequency
respgnse (ratio of indicated to actualvalue of current) that is equal to the ratio of tHe impedance
of a 1500 ohm resistor shunted by, a 0.15 microfarad capacitor to 1500 ohms. At infdications of
0.5 and 0.75 milliamperes, thesmeasurement is to have an error of not more than § percent.
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Figure 41.1

Leakage current measurement circuits

GR

PRODUCT

@ D=

GROUNDED SUPPLY CONDUCTOR

INSULATING
—— TABLE

LC100

Circuit A: Produgt intended for connection to a 120 or 208 volt power supply:

-
120V

240V ==

120V
-3

S1

PRODUCT

METER

INSULATING

GROUNDED. SUPPLY CONDUCTOR
LC200

TABLE

Circuit B: 240 or 208 volt product intended for connection to a 3-wire, grounded neutral power supply.
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_
_f_}zov
240V S
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il 04300

LC300

Circuit C: 240 orl 208 volt product intended for connection to a 3-wire, grounded neutral powgt_supply.

Figure 41.1 (Cont'd)

o S2 GR
/ PRODUCT

L_

% INSULATING
- TABLE

AN
CROUNDED SUFFLY CONDUCU TUR B

A — Probe with dhielded lead. Under some circumstances where higher frequency components are present, shieldlng of measuring

instrument and ifs leads may be necessary.

B — Separated and used as clip when measuring currents from one part of ‘@product to another.

41.7 The supply voltage is to be adjusted to the test voltage in accordance with 28.3.1.

41.8 A
follows:

sample of the product is to be prepared and conditioned for leakage current megsurement as
a) The sample is to be representative of the wiring methods, routing, components, [component
locatjon and installation, and the like, of the product.

b) The grounding conductor is to be open at the attachment plug and the test product isolated
from |ground.

c) The samplefs to be conditioned as described in 40.1.

41.9 The Iearage current test sequence, with reference to the measuring circuit in Figure 41.1 is to be as

follows:

a) With switch S1 open, the product is to be connected to the measurement circuit. Leakage
current is to be measured using both positions of switch S2. All manual switching devices on
the product are to be operated in their intended manner, and leakage currents are again to be
measured using both positions of switch S2.

b) With the product switching devices in their intended operating positions, switch S1 then is to
be closed, energizing the product, and within a period of 5 seconds, the leakage current is to be
measured using both positions of switch S2. All manual switching devices on the product then
are to be operated in their intended manner, and leakage currents measured using both
positions of switch S2.
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c) The product switching devices then are to be returned to their intended operating positions
and the product allowed to operate until the leakage current is found to be constant or
decreasing in value. Both positions of switch S2 are to be used in determining this

measurement.

d) Immediately after the test, any single-pole switch on the product is to be opened, and the
leakage current monitored until constant or decreasing values are recorded. Readings are to be

taken in both positions of switch S2.

42 Electric Shock Current Test

42.1 If the open circuit potential between any part that is exposed only during operator servicing and
either earth dround or any other exposed accessible part exceeds 42.4 volis peak, the pari shall comply

with the requjrements of 42.2 — 42.4, as applicable.

42.2 The continuous current flow through a 500-ohm resistor shall not exceed ¢he "value$ specified in
Table 42.1 when the resistor is connected between any part that is exposed only during openator servicing
and either egrth ground or any other exposed accessible part.

Table 42.1
Maximum current during servicing
Frequency, hertz? Maximum current through a 500 ohm resistor,
milliamperes, peak
0-100 71
500 9.4
1000 11.0
2000 141
3000 17.3
4000 19.6
5000 22.0
6000 25.1
7000 or more 27.5
@ Linear intefpolation between adjacent values may be used to determine the maximum acceptable current cqrresponding
to frequencigs not shown. The table applies to repetitive nonsinusoidal or sinusoidal waveforms.

42.3 The dufation of a-fransient current flowing through a 500 ohm resistor connected ag described in
42.2 shall noj exceeg

a) Tlre value determined by the following equation:
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r e (20\/?)1.43

in which:

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
miIIinm’nnme for the last ﬁmn, and.

| is the peak current in milliamperes; and
b) 809 milliamperes, regardless of duration.

The interval hetween occurrences shall be equal to or greater than 60 seconds'if the current is repetitive.
Typical calcujated values of maximum allowable transient current duratienyare shown in Table 42.2.

Table 42.2
Maximum transient current ddaration
Maximum peak current (I) through 500 ohm resistor, Maximum duration (T) of waveform containing
milliamperes excursions greater than 7.1 milliampereps peak

71 7.26 seconds

8.5 5.58

10.0 4.42

12.5 3.21

15.0 2.48

17.5 1.99

20.0 1.64

22,5 1.39

25.0 1.19

300 919 milliseconds
40.0 609

50.0 443

60.0 341

70.0 274

80.0 226

JuUu.U 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 12

Table 42.2 Continued on Next Page
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Table 42.2 Continued

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

700.0 10

809.0 8.3

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

c. 88400 for 42.4 < F < 400

143, = 4 Ao
£\ t=1.26)

C = 35,288E"-5364 for 400 < E < 1000

in which:
C is the maximum capacitance of the capacitor in mictefarads; and
E is the potential in volts across the capacitor priorio discharge.

E is to be mdasured 5 seconds after the capacitor terminals are made accessible, such as by the removal

or opening of an interlocked cover, or similar partlypical calculated values of maximum capacitance are
shown in Talle 42.3.

Table 42.3
Electric shock — stored energy
Potential gcross capacitance prior\to discharge, volts Maximum capacitance, microfarads
1000 0.868
900 1.02
800 1.22
700 1.50
600 1.90
500 2.52
40U 3.00
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

Table 42.3 Continued on Next Page
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Table 42.3 Continued

Potential across capacitance prior to discharge, volts Maximum capacitance, microfarads
180 13.4
160 16.3
140 20.5
120 26.6
100 36.6
90 43.8
80 53.8
70 68.0
&0 Qn.A.
50 124.00
45 150.00
42.4 169.00

42.5 With ref
is connected

a) E
b) A

The current 4
another part

42.6 With re
they can be
requirements
4-by 8-inch (
parts simulta

42.7 Electric

erence to the requirements of 42.2 and 42.3, the current is to be measured whi
between ground and:

hch accessible part individually
| accessible parts collectively if the parts are simultangously accessible

Iso is to be measured while the resistor is connected between one part or grou
br group of parts, if the parts are simultaneously accessible.

erence to the requirements of 42.5, paits are considered to be simultaneously
contacted by one or both hands of @ person at the same time. For the purg
one hand is considered to be able to contact parts simultaneously if the part
02- by 203-mm) rectangle, and.fwo hands of a person are considered to be a
neously if the parts are not more than 6 feet (1.8 m) apart.

shock current refers te all currents, including capacitively coupled currents.

42.8 If the pfoduct has a direct-current rating, measurements are to be made with the prody

in turn to eag

42.9 Current

h side of a 3-wire, direct current supply circuit.

measurements are to be made:

a)

ithvany operating control, or adjustable control that is subject to user operatior

e the resistor

b of parts and

accessible if
ose of these
5 are within a
ble to contact

ct connected

, in all

operating positions and

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

These measurements are to be made with controls placed in the position that causes maximum current

flow.
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43 Overload Test
43.1 General

43.1.1 A product other than that operating from a primary battery shall operate as intended after 50 cycles
of operation at a rate of not more than 15 cycles per minute while connected to a source of supply
adjusted to 115 percent of the rated test voltage. Each cycle is to begin with the product energized in the
standby condition, followed by intended operation, and then restoration to standby condition.

43.1.2 Rated test loads are to be connected to the output circuits of the product. The test loads are to be
remote indicators, relays, or the equivalent. If an equivalent load is used to simulate an inductive
component, a power factor of 60 percent is to be used. The rated loads are to be established with the
product initia[ly connected to a source of supply in accordance with the requirements of 28.3.1 following
which the voltage is to be increased to 115 percent of the initial value.

43.1.3 For circuits, an equivalent inductive test load is to have:

a) The required DC resistance for the test current and

b) The inductance (calibrated) necessary to obtain a power factor’of 60 percent when
conngcted to a 60 Hz rms voltage equal to the rated DC test Voltage.

The resultanf AC current is to be equal to 60 percent of the DO) cdrrent when the load is cpnnected first
to an AC volfage and then to a DC voltage equal to the rms:value of the AC source.

43.2 Separately energized circuits

43.2.1 Sepaiately energized circuits that do not receive energy from the product, such as|dry contacts,
shall operate| as intended after 50 cycles of sighal operation at a rate of not more than 15 cycles per
minute while [connected to a voltage source, inyaccordance with the requirements of 28.3.1|and with 150
percent rated current loads at 60 percent\power factor applied to the output circuits.

43.2.2 The tgst loads are to be adjusted to draw 150 percent of their rated current while connected to a
separate power source of supply in accordance with 28.3.1.
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44 Endurance Test

441 General

44.1.1 A product shall operate at rated voltage and current for the number of cycles as indicated in Table
44 .1. Each cycle shall consist of setting, tripping, and restoration to standby. The rate of operation shall
not be more than 15 cycles per minute or the product’s rated speed of operation, whichever is faster. At
the completion of the test the product shall be mechanically and electrically operable and shall perform its

intended func

tion.

Table 44.1
Cycles of operation

Product

Number of cycles

Subscriber’s control unit
Alarm printer
Receiving unit

6,000
500,000 lines
30,000

45 Jarring T

45.1 A prodiict shall withstand jarring resulting from impact and/yibration anticipated in
thout causing operation of any part and without impairing its subsequent intend
by compliance with the requirements of the Normal Operation Test, Section J

application w
as evidenced

45.2 The prg
(1.83 by 1.22
An impact is

est

(0.54 kg), 2 ipch (50.8 mm) diameter steel sphereZeither:

a) Syvung through a pendulum arc from a height of 30.5 inches (775 mm) or

duct and associated equipment is to be mounted as intended to the center of
m), nominal 3/4 inch (19.1 mm) thick plywood board that is secured in place af
0 be applied to the center of the reversg side of this board by means of a 1.18

the intended
ed operation,
2.

a 6 by 4 foot
four corners.
pounds-mass

b) Dfopped from a height (h)0f30.5 inches, depending upon the mounting of the equipment.
See Figure 45.1.
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Figure 45.1
Jarring Test
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46 Dielectric

46.1 A prodd
AC potential
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(2)
Test Method<For Unit
Intended o be Mounted
Horizontally

(1)
Test Method For Unit
Intended to be Mounted

Vertically

IP110

his test, the unit is to be operated in the normal standby condition and connec
ply in accordance with the requiremeénts in 28.4.

b Voltage-Withstand Test

ct shall withstand for 1 minute without breakdown the application of an essentic
bf a frequency within the Tange of 40 — 70 Hz, or a DC potential, between live
e parts and exposed dead metal parts, and live parts of circuits operatin
frequencies. Theltest potential is to be (also, see 46.2):

a) 500 volts (707-volts, if a DC potential is used), for a product rated 30 volts AC r

volts |DC or A€<peak) or less.
b) 1000 volts (1414 volts, if a DC potential is used), for a product rated between 3
volts [AG/rms.

ted to a rated

lly sinusoidal
parts and the
hj at different

ms (42.4

and 250

¢) 1000 volts plus twice the rated voltage (1414 plus 2.828 times the rated AC rms voltage, if a
DC potential is used), for a product rated more than 250 volts AC rms.

46.2 For the application of a potential in accordance with 46.1(c), the voltage is to be the applicable value
specified in 46.1 (a) — (c), based on the highest voltage of the circuits under test instead of the rated
voltage of the product. Electrical connections between the circuits are to be disconnected before the test
potential is applied.
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46.3 If an autotransformer is in the circuit, the primary of the transformer is to be disconnected and an
AC test potential in accordance with 46.1(c) is to be applied directly to all wiring involving more than 250
volts.

46.4 If the charging current through a capacitor or capacitor type filter connected across the line, or from
line to earth ground, is sufficient to prevent maintaining the specified AC test potential, the capacitor or
filter is to be tested using a DC test potential in accordance with 46.1.

46.5 The test potential may be obtained from any convenient source having sufficient capacity to maintain
the specified voltage. The output voltage of the test apparatus is to be monitored. Starting at zero, the
potential is to be increased at a rate of approximately 200 volts per minute until the required test value is
reached and is to be held at that value for 1 minute.

46.6 A printld wiring assembly or other electronic circuit component that would be danLaged by the
application of, or would short-circuit, the test potential, is to be removed, disconnected,|or otherwise
rendered inpperative before the dielectric voltage-withstand tests are made.” A regpresentative
subassembly| may be tested instead of an entire unit. Rectifier diodes in the_power supply may be
individually shunted before the test to avoid destroying them in the case of a malfunction elspwhere in the
secondary cifcuits.

47 Temperature Test

47.1 The mgterials used in the construction of a product shall’not attain temperature riseq greater than
those indicat¢d in Table 47.1.

Table 474
Maximum temperature rises

Materials and components Normal standby (Sjgnaling) alarm
condition
Degrees, Degrees,

c (F) G (F)

A. COMPONENITS
1. Capagitors: P

a. Electrolytic types 25 (45) 4 (72)
b. Other types 25 (45) 64 (117)
2. Rectiffers — At anypoint

2. Germanhium 25 (45) 5 (90)

b. Selenitm 25 (45) 5 (90)

c. Siliedn

(- Maximum-60-pereent-efrated-volis 56 {96} 7 (135)
(i) 61 percent or more of rated volts 25 (45) 75 (135)

3. Relay, solenoid, transformer, and other coils with:
a. Class 105 insulation system:

Thermocouple method 25 (45) 65 (117)

Resistance method 35 (63) 75 (135)
b. Class 130 insulation system:

Thermocouple method 45 (81) 85 (153)

Resistance method 55 (99) 95 (171)

c. Class 155 insulation system:

(i) Class 2 transformers:

Table 47.1 Continued on Next Page
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Table 47.1 Continued
Materials and components Normal standby (Signaling) alarm
condition
Degrees, Degrees,
c (F) c (F)
Thermocouple method 95 (171) 95 (171)
Resistance method 115 (207) 115 (207)
(i) Power transformers:
Thermocouple method 110 (198) 110 (198)
Resistance method 115 (207) 115 (207)
—Class— 80 msutatiom syster:
(i) Class 2 transformers:
Thermocouple method 115 (207) 11p (207)
Resistance method 135 (243) 13b (243)
(i) Power transformers:
Thermocouple method 125 (225) 126 (225)
Resistance method 135 (243) 136 (243)
4. Resisjors: ©
2. Carbon 25 (45) 5 (90)
b. Wire wound 50 (90) 126 (225)
c. Other 25 (45) 5 (90)
5. Solid tate devices See footnote d
6. Other|components and materials:
a. Fiber used as electrical insulation or cord busings 25 (45) 64 (117)
b. Varnished cloth insulation 25 (45) 60 (108)
c. Thermoplastic materials Rise based on temperature limi{ of the material
d. Phenolic composition used as electrical instlation or as
parts whose malfunction or deterioration.will'result in a
risk of electric shock, explosion, fire, ofinjury to persons®
le. Wood or other combustibles 25 (45) 126 (225)
f. Sealing compound 15°C (27°F) less than the melting pgint of the compound
lg. Fuses 25 (45) 64 (117)
B. CONDUCTQRS
1. Applidnce wiring material’ 25°C (45°F) less than the temperatpre limit of the wire
2. Flexidle cord (for example,/SJO, SJT) 35 (63) 34 (63)
3. Condyictors of field-Wired circuits to be permanently connected 35 (63) 34 (63)
to the product
C. GENERAL
1. All suffaces of the product and surfaces adjacent to or upon 65 (117) 64 (117)
which the‘product may be mounted
2. Surfaces normally contacted by the user in operating the unit
(control knobs, push buttons, levers, and the like):
a. Metal
b. Nonmetallic 60 (108) 60 (108)
3. Surfaces subjected to casual contact by the user (enclosure,
grille, and the like):
a. Metal 45 (81) 45 (81)
b. Nonmetallic 65 (117) 65 (117)

@ For an electrolytic capacitor which is physically integral with or attached to a motor, the temperature rise on insulating material
integral with the capacitor enclosure shall not be more than 65°C (117°F).

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Materials and components

c (F)

C

Normal standby (Signaling) alarm
condition
Degrees, Degrees,

(F)

temperature rat

manufacturer’s

ing.

rating.

b A capacitor which operates at a temperature higher than a 65°C (117°F) rise may be evaluated on the basis of its marked
¢ The temperature rise of a resistor may exceed the values shown if the power dissipation is 50 percent or less of the

d The temperature of a solid-state device (for example, transistor, SCR, integrated circuits), shall not exceed 50 percent of its
rating during the normal standby condition. The temperature of a solid-state device shall not exceed 75 percent of its rated

temperature un
of its compone
shall not excee|
operation. Both
following condi
1. The
2.Aqu
100 per
3. Each
tempera
followed
€ The limitation
investigated an
f For standard i
NFPA 70, the n
question.

er the alarm condition or any other condition of operation which produces the maximum temperg

ts. For reference purposes 0°C (32°F) shall be considered as 0 percent. For integrated circuits-tf]
50 percent of its rating under the normal standby condition and 75 percent under any other con

solid-state devices and integrated circuits may be operated up to the maximum ratings under any

ons:

mponent complies with the requirements of MIL-STD.883E.

lity-control program is established by the manufacturer consisting of an inspection’ stress test follg
ent of all components, either on an individual basis, as part of a subassembly/or equivalent.
ssembled production unit is subjected to a burn-in test, under the condition which results in the
ures, for 24 hours while connected to a source of rated voltage and frequency in an ambient of a
by an Operational Test.

on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds

H determined to have special heat-resistant properties.

hsulated conductors other than those mentioned, refererice should be made to the National Elect

haximum allowable temperature rise in any case is 252€ (45°F) less than the temperature limit of

ture dissipation
e loading factor
flition of

one of the

ed by operation of

Inaximum
least 49°C (120°F)

which have been

ical Code, ANSI/
the wire in

47.2 The val
+15°C (77 +
temperature

Lies for temperature rise in Table 47.3,are based on an assumed ambient tem
P7°F), and tests are to be conducted at an ambient temperature within t
S considered to be constant when' three successive readings taken at intervals

erature of 25
hat range. A
of 10 percent

of the previoysly elapsed duration of the test, but at not less than 5-minute intervals, indicale no change.

47.3 Tempetatures are to be measured by thermocouples consisting of wires not larger t

(0.21 mm?) o
for a tempera

47.4 Therm
potentiomete
thermocouple

" by the change-in-resistance method, except that the thermocouple method is 1
ture measurement)at any point where thermal insulation is used.

ocouples «consisting of 30 AWG (0.05 mm?) iron and constantan
-type indicating instrument shall be used whenever referee temperature mea
S are neeessary.

han 24 AWG
ot to be used

vires and a
surements by

47.5 The temperature of a coil winding may be determined by the change-in-resistance me

hod, wherein

resistance of the winding at the temperature to be determined is compared with the resistance at a known

temperature,

by means of the equation:
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At -

NI

(k+t) - (k +1¢)

in which:
At is the temperature rise in degrees C,

R is the resistance in ohms at end of test,

r is the resistance in ohms at start of test,
k is 234.5 for copper or 225.0 for electrical conductor grade aluminum,
t; is the room temperature at start of test, in degrees C,
t, is fhe room temperature at end of test, in degrees C.
47.6 To detgrmine compliance with these requirements, the product'is to be connected to a|supply circuit
of rated voltage and frequency in accordance with 28.3.1 and.operated continuously under representative

service conditions that are likely to produce the highest temperature.

47.7 If a curfent-regulating resistor or reactor is provided as a part of a unit, it is to be adjusted for the
maximum registance or reactance at intended current.

47.8 The tesft is to be continued until:
a) Cpnstant temperatures are attained during the normal supervisory condition and

b) Ohe hour has elapsed during the normal alarm signaling condition of a unit intepded to
proddice a continuous signal until it is restored to normal.

47.9 If a progluct has provision for multiple zones, 10 percent of the total number of zones, hut in no case
less than thrg¢e zones, aresto be energized during the alarm or other intended operating condition.
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48 Abnormal Operation Test

48.1 A product operating in any condition of intended operation shall not increase the risk of fire or
electric shock when abnormal fault conditions are introduced.

48.2 To determine compliance with the requirement of 48.1, the product is to be connected to a source
of supply in accordance with 28.3.1 and operated under the most severe circuit fault conditions likely to
be encountered in service. There shall be no emission of flame or molten metal, or any other manifestation
of fire, see 48.4. The product shall also comply with the requirements of the Dielectric Voltage-Withstand
Test, Section 46.

48.3 The fault condition is to be maintained continuously until constant temperatures are attained or until

burnout occu
the secondar
fault conditio

48.4 The prg
square yards
be no molten
charring of th
conclusion of

49 Electrica

49.1 General

49.1.1 Apro
performance
input/output ¢
49.2 Supply|
49.2.1 A hig

a) N

b) O

c) R

within the product.

fS, It the fault does not result in the operafion of an overload proteciive devic
y of the power supply transformer and shorting of an electrolytic capacitorep
NS.

duct shall be wrapped in a single layer of bleached cheesecloth having an ar
to the pound (25.75 — 27.59 m?/kg) and a count of 32 by 28, and'ttien energize

metal or flame emitted from the unit as a result of this test as evidenced

e cheesecloth. The dielectric voltage-withstand test shalk be/conducted immg
this test.

| Transient Tests

juct, other than that operating from a primary battery, shall operate for its inten
after being subjected to 500 supply line transients, 500 internally induced trans
ircuit transients while energized from a source of supply in accordance with 2
line transients

h-voltage AC-operated product, in normal standby condition, shall:

bt false alarm,

berate as inténded, and

btain required stored memory, such as date, type, and location of a signal tran

b. Shorting of
resent typical

ba of 14 — 15
d. There shall
by ignition or
diately at the

ded signaling
ients, and 60
B.3.1.

smission

when subjec
product unde

dtosuppty time transientsimduced directty onto the power suppty circuitton
r test. Supplemental information stored within the unit need not be retained.

luctors of the

49.2.2 For this test, the product is to be connected to a transient generator, consisting of a 2 kVA isolating
power transformer and control equipment that produces the transients described in 49.2.3. See Figure
49.1. The output impedance of the transient generator is to be 50 ohms.
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Figure 49.1
Surge generator circuit
St DI D2
oo 13 2 R3
O—4 —\"\N\N\—4¢
120V g R6
60Hz .
. D3 D4 M1
-— b, CRO TRIGGER
777, QUTPUT LINE
1 \  OUTPUT
C ¢ 7
X R2
<> CR2 | +0T0 § R4
1 &—0—
A\ CR? !
C3 R1 DEVICE
q A o i
R *— UNDER
TEST
C1 C2
T R5
. | . < O
77
Y
52490 0L
C1 - Capacitor, 0.025 pF, 10 kV R1 — Resistor, 22 ohms, 1 W, compogition
c2 - Capacitor, 0.006 pF, 10KV R2 — Resistor, 12 ohms, 1 W, compogition
C3 - Capacitor, 10 pF, 400 V R3 — Resistor, 1.3 Megohms (twelve ih series,
110K Ohms each, 1/2 W)
CR1 - Relay, coil 24.Y,*"DC. Contacts, 3-pole, single R4 — Resistor, 47K Ohms (ten in serigs, 4.7K
hrow, each‘contact rated 25 A, 600 V, AC Ohms each, 1/2 W)
maximum, all three poles wired in series.
CR2 - Relay,, coil 120 V, AC. Contacts DPDT. R5 — Resistor, 470 Ohms, 1/2 W
Provides either 120 V or 240 V test circuit.
D1 - D4 DPiedes;254/Piv-each R6 Resistor—206-Megohms—2-W—H) kV
L1 — Inductor, 15 pH [33 turns, 22 AWG wire, R7 — Resistor, 0.2 Megohms (two in series, 100K
wound on 0.835 inch (21.2 mm) diameter PVC Ohms each, 2 W, carbon)
tubing]
S1 — Switch, SPST
L2 — Inductor, 70 pH [45 turns, 14 AWG wire, S2 — Switch, SPST, key-operated, 120 V, AC, 1 A
wound on 2.375 inch (60.33 mm) diameter PVC
tubing]
M1 — Meter, 0 — 20 V, DC T — Transformer, 2 kVA, 120 V primary, 1:1 (120
V or 240 V output)
T2 — Transformer, 90 VA, 120/15,000 V

T3

— Variable autotransformer, 2.5 A
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49.2.3 The transients produced are to be oscillatory and are to have an initial peak voltage of 6000 volts.
The rise time is to be less than 1/2 microsecond. Successive peaks of the transient are to decay to a value
of no more than 60 percent of the value of the preceding peak.

49.2.4 The product is to be subjected to 500 oscillatory transient pulses induced at a rate of six transients
per minute. Each transient pulse is to be induced 90 degrees into the positive half of the 60 Hz cycle. A
total of 250 pulses are to be applied so that the polarity of the transients is positive with reference to earth
ground, and the remaining 250 pulses are to be negative with respect to earth ground.

49.3 Internally induced transients

49.3.1 The product is to be energized in the intended standby condition while connected to a source of
supply in acd

1 second, thd

at a rate of n

49.4 Input/o

49.41 The ¢
supply in acc

Exception:
subjected to

49.4.2 Input
connected to

a) N
b) O

c) A
trans

Supp

49.4.3 For th

peak voltage|
waveform at
approximatel
shall have p¢g
80 to 110 mig
pulses are to

n energized for approximately 9 seconds for a total of 500 times. Each interru
bt more than six interruptions per minute. Standby power is to be connected du

utput circuit transients

roduct is to be energized in the normal standby condition while connected t
ordance with 28.3.1. All input/output circuits are to be tested-as specified in 44

A circuit or cable that interconnects equipment located within the same room
this test.

butput circuits are to be tested as specified<in' 49.4.3 — 49.4.5. The signalif
these circuits shall:

bt false alarm,
berate as intended, and

5 appropriate, retain required’stored memory (such as date, type, and location
Mmission) within the unit when subjected to transient voltage pulses as describe
lemental informationystored within the unit need not be retained.

is test, each input/output circuit is to be subjected to five different transient wavg
levels in thé\range of 100 to 2400 volts, as delivered into a 200 ohm loagd
2400 voltsishall have a pulse rise time of 100 volts per microsecond, a pulg
80 mijcroseconds, and an energy level of approximately 1.2 joules. Other appl
ak voltages representative of the entire range of 100 to 2400 volts, with pulse d
roseconds, and energy levels not less than 0.3 joule or greater than 1.2 joules.

ordance with 28.3.1. The supply source is 1o be allernately de-energized Tor approximately

ption shall be
ring this test.

b a source of
).4.2.

need not be

g equipment

of a signal
d in 49.4.3.

forms having
. A transient
e duration of
ed transients
urations from
The transient

becoupteddirectty omtothemput/output Tircuit tonductors of theequiprment

nder test.

49.4.4 The equipment is to be subjected to 60 transient pulses induced at a maximum rate of six pulses
per minute as follows:

a) Twenty pulses (two at each transient voltage level specified in 49.4.3) between each input/
output circuit lead or terminal and earth ground, consisting of ten pulses of one polarity, and ten
of the opposite polarity (total of 40 pulses) and

b) Twenty pulses (two at each transient voltage level specified in 49.4.3) between any two
input/output circuit leads or terminals consisting of ten pulses of one polarity and ten pulses of

the o

pposite polarity.
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49.4.5 At the conclusion of the test, the product shall comply with the requirements of the Normal
Operation Test, Section 32.

50 AC Induction Test
50.1 A product shall not false alarm and shall operate as intended when subjected to an alternating
current induced in any signal leads, initiating device leads, DC power leads, or in any other leads which

extend throughout the premises wiring.

Exception: AC power leads and any leads consisting of conductors insulated from and surrounded by a
shielding conductive surface grounded at one or more ends are exempted from this test.

50.2 To detefmine compliance with the requirements in 50.T, the product is To be energized from a source
of rated voltage and frequency in accordance with 28.3.1, and a 60 hertz current is to be inje¢ted into each
circuit extenging from the product. The AC signal current shall be induced by theeircuit illustrated in
Figure 50.1 tp simulate induction from AC power sources.

Figure 50.1
AC induction test circuit

—wA—]

1500 ohms

120V,
F\D 60 Hz.

—  S20932

51 Polymeric Materials Test

51.1 Polymeric materials used as an enclosure or for the support of current-carrying parts shall comply
with the applicable portion of the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C.
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52 Battery Replacement Test

52.1 Battery connections shall withstand removal and replacement from the battery terminals without
appreciable reduction in contact integrity. Batteries used for principal power shall be subjected to 50
cycles and standby batteries to 10 cycles of removal and replacement.

52.2 For this test, a product is to be installed as intended in service and the battery connections removed
and replaced as recommended by the manufacturer. The product then shall comply with the requirements
of the Normal Operation Test, Section 32.

53 Drop Test

53.1 As a refult of the product being dropped onio a hardwood floor, as described in 53.2,

?[e electrical spacings within a portable cord-connected high-voltage product sk

a) T
been|reduced below the limits specified in Spacings, General, Section 26{and Spad
Components, Section 27,
b) Np high-voltage live parts shall have been exposed, and
c) There shall have been no manifestation of a risk of fire afteép product energizatio
descfibed in 53.3.

53.2 A sample of a portable cord connected high-voltage product is to be dropped four

height of 3 f¢
each time, s
corners, it is
product is int

et (0.91 m) onto a hardwood floor. If it has corners, it is to be dropped on a di
tlecting the corners that appear to be mostisusceptible to damage. If the pr,
to be dropped on the four portions that\appear to be most susceptible to d

all not have
ings,

n as

times from a
fferent corner
bduct has no
hmage. If the

ended to use internally mounted batteries, the batteries are to be in place for this test.

53.3 Following the test described in 53.2, .the product is to be wrapped in a single laye

cheesecloth
of 32 by 28,
molten metal
product shall

having an area 14 — 15 square Vards to the pound (25.8 — 27.7 m?/kg) and h
and energized for 3 houts:at rated voltage in accordance with 28.3.1. Ther
or flame emitted from theJunit, as evidenced by ignition or charring of the che
also comply with the.requirements of the Dielectric Voltage-Withstand Test, S

of bleached
hving a count
e shall be no
psecloth. The
bction 46.
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54 Strain Relief Test
54.1 Supply cord

54.1.1 When tested as described in 54.2, strain relief means provided on the flexible cord shall withstand
for 1 minute without displacement a pull of 35 pounds-force (156 N) applied to the cord. During this test
the connections within the product are to be disconnected.

54.1.2 A 35-pounds-mass (15.88-kg) weight is to be secured to the cord and supported by the product so
that the strain relief means will be stressed from any angle that the construction of the product permits.
There shall be no movement of the cord sufficient to indicate that stress would have been transmitted to

the internal connections.

54.2 FieId-inring leads

54.2.1 Each
without evide

55 Ignition ]

55.1 Generdl

55.1.1 Both
constructions

55.1.2 Thesq

ead used for field connections shall withstand a pull of 10 pounds-force, (44.5 N
hce of damage or of transmittal of stress to the internal connections.

[hrough Bottom-Panel Openings Tests

of the bottom-panel constructions described in <1%1.4 may be used withol

tests do not apply to low-voltage power limited products or to products in whi

fault does n¢t produce flame, molten metal, flaming-or glowing particles, or flaming dr

Abnormal Op

eration Test, Section 48.

55.2 Hot, flaming oil

55.2.1 Open
that hot, flam
is extinguishg

55.2.2 A sar
position seve
free from dra
(25.8 — 27.7
sufficient sizq
to catch any

ngs in a bottom panel shall:be so arranged and sufficiently small in size and f
ng No. 2 furnace oil pouréd three times onto the openings from a position ab
d as it passes through the openings.

hple of the compléete, finished bottom panel is to be securely supported in
ral inches above a horizontal surface under a hood or other area that is well
ts. One layer of bleached cheesecloth having an area of 14 — 15 square yards
m2/kg).@and a count of 32 by 28 is to be draped over a shallow, flat-bottomed
and‘shape to completely cover the pattern of openings in the panel but is not
of fhe oil that runs over the edge of the panel or otherwise does not pass

may be used if they comply with the requirements’ specified in 55.2.1 — 55.3.3.

) for 1 minute

t test. Other

ch an internal
bps. See the

Ew in number
bve the panel

a horizontal
ventilated but
to the pound
pan that is of
large enough

through the

openings. Tt

T pan 1S to be centeredunder thepattermof openings i the panet—The

center of the

cheesecloth is to be 2 inches (50.8 mm) below the openings. Use of a metal screen or wired-glass
enclosure surrounding the test area is recommended to reduce the risk of injury to persons and damage
due to splattering of the oil.
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55.2.3 A small metal ladle [preferably no more than 2-1/2 inches (63.5 mm) in diameter] with a pouring
lip and a long handle whose longitudinal axis is to remain horizontal during pouring is to be patrtially filled
with 10 milliliters of No. 2 furnace oil, which is a medium-volatile distillate having an API gravity of 32 — 36
degrees, a flash point of 110 — 190°F (43 — 88°C), and an average calorific value of 136,900 Btu per gallon
(39.7 MJ/L) (see Specification for Fuel Oil, ASTM D396-88). The ladle containing the oil is to be heated
and the oil ignited. After burning for 1 minute, all of the hot, flaming oil is to be poured from a position 4
inches (102 mm) above the openings and at a rate of approximately, but no less than 1 milliliter per
second in a steady stream onto the center of the pattern of openings.

55.2.4 Five minutes after completion of the pouring of the oil, the cheesecloth is to be replaced with a
clean piece and a second 10 milliliters of hot, flaming oil is to be poured from the ladle onto the openings.
Five minutes later, the cheesecloth is to be replaced again and a third identical pouring is to be made.
The opening$ are not acceptable Tt the cheesecloth is ignited as a result of any of the threq pourings.

55.3 Molten|(PVC and copper

55.3.1 Open|ngs in a bottom panel shall be so arranged and sufficiently smallin‘size and few in number
that molten pplyvinyl chloride (PVC) and copper dripping onto the openings ffem above the| panel do not
pass through|the openings in sufficient quantity to ignite cheesecloth below, the openings.

55.3.2 A sample of the complete, finished bottom panel is to be $écurely supported in a horizontal
position 2-1/4 inches (63.5 mm) above a horizontal firebrick or otherx.nonflammable surface |ocated under
a hood or in & well ventilated area. Two layers of bleached chegsecloth having an area of 14 — 15 square
yards to the[pound (25.75 — 27.59 m?/kg) and having a count of 32 by 28 are to be flaced on the
nonflammablg surface. The cheesecloth is to cover somewhat more area than that immediately under the
pattern of opgnings in the panel. Use of a metal screen.@f/wired glass enclosure surrounding the test are
is recommengled to reduce the risk of injury to persons.and other damage due to splattering|of the molten
materials.

55.3.3 A barp 12 inch (305 mm) length of 12°AWG (3.3 mm?) solid copper wire and a 12 |nch length of
12 AWG strahded copper wire insulated with /32 inch (0.8 mm) of PVC are to be melted simultaneously
at an even rj‘te by means of an oxy-acetylene torch and allowed to drop from a point 6 inches (152 mm)
above the pattern of openings in the'panel. The panel openings are not acceptable if the gheesecloth is
ignited.
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56 Mechanical Strength Tests for Enclosures

56.1 The external enclosure of a product containing high-voltage circuits or other than power limited
circuits shall withstand a force of 25 pounds-mass (111 N) for 1 minute without permanent distortion to
the extent that spacings are reduced below the values specified in 26.2 — 26.5, without transient distortion
that results in the enclosure contacting live parts, and without causing openings which expose uninsulated
high- or low-voltage live parts. The force is to be applied by the curved side of a 1/2 inch (12.7 mm)
diameter steel hemisphere. Any openings that occur during application of the force are to be evaluated
according to the requirements specified in 9.2.4 and 9.2.5.

56.2 The external enclosure of a product containing only low-voltage (power-limited) circuits is to be
subjected to the test of 56.1 except that the enclosure shall withstand an applied force of 10 pounds (44.5
N).

56.3 The ex
circuits shall
spacings are
the enclosur
low-voltage |
(50.8 mm) in
distance of 5

ernal enclosure of a product containing high-voltage circuits or other,than
vithstand an impact of 5 foot-pounds (6.78 J) without permanent distortion to t
reduced below the values specified in 26.2 — 26.5, without transient_distortion

a)
=

ve parts. The impact is to be applied by means of a solid,<8mooth, steel spk
diameter and weighing 1.18 pounds (0.54 kg) falling freely from rest throu
I inches (1.30 m). Any openings resulting from the impaCh are to be evaluated

the requirem

nts specified in 9.2.4 and 9.2.5.

56.4 The external enclosure of a product containing only~low-voltage power-limited cirg
subjected to [the test described in 56.3, except that the impact is to be 2 foot-pounds (2

power-limited
he extent that
hat results in

contacting live parts, and without causing openings that expose uninsulated high- or

ere 2 inches
gh a vertical
according to

uits is to be
7 J) and the

sphere is to fall freely from rest through a vertical distange of 20-13/32 inches (0.52 m).
57 Special Terminal Assemblies Tests
57.1 General

57.1.1 To ddtermine compliance with the-requirements in 15.2.3.1 and 15.2.3.2, representative samples
of the terminal assembly shall comply_with the requirements in 57.2.1 — 57.5.2.

Exception:
not required

Terminals complyingWwith the requirements in any of the standards specified in 1
0 be subjected tothese tests.

5.2.1.1(a) are
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57.2 Disconnection and reconnection

57.2.1 If a wire is to be disconnected for testing or routine servicing and then reconnected, each terminal
shall be subjected to 20 alternate disconnections and reconnections prior to the tests described in 57.2.2
- 57.5.2.

57.2.2 A terminal connection shall withstand, without separating from the wire, the application of a pull of
5 pounds-force (22.2 N), applied for 1 minute to the wire in the direction which would most likely result in
pullout.

57.2.3 Six terminal assemblies using the maximum wire size and six assemblies using the minimum wire
size are to be subjected to this test. If a special tool is required to assemble the connection it is to be used

in accordand
increasing py

57.3 Flexing
57.3.1 The W

57.3.2 Six tg
be subjected
according to
movement. W
the terminal-

57.4 Millivol

57.4.1 The 1
intended to &
manufacturen

57.4.2 Six te
sizes are to
tool, if require
using a high

e with the manufaciurers instructions. Each sample is 10 be subjected-id
Il on the wire until the test pull of 5 pounds-force (22.2 N) is reached.

test
ire attached to a terminal shall withstand five right angle bends'without breaki

rminal assemblies using the maximum wire size and six with’the minimum wi
to this test. The wires are to be assembled to the terminals using any special
the manufacturer’s instructions. The terminal is A0 be rigidly secured to
ith each wire in 3 pounds-force (13.3 N) tension and*held at a point 3 inches (7]
o-wire junction, each wire is to be bent at a rightangle from its nominal positic

it drop test

hillivolt drop across a terminal conpection using the maximum and minimu
e used shall not be greater than 300 millivolts with the maximum current sp
flowing through the terminal commections and the circuit connected to rated vq

rminal assemblies using ke’ maximum wire sizes and six assemblies using
be subjected to this test._The wires shall be assembled to the terminals, usin
d, according to the manufacturer’s instructions. The millivolt drop shall then be
mpedance millivelimeter.

a gradually

ng.

re size are to
tool required,
prevent any
6.2 mm) from
n.

m wire sizes
bcified by the
ltage.

the minimum
hj any special
measured by
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57.5 Temperature test

57.5.1 The maximum temperature rise on a terminal junction using the maximum and minimum wire sizes
with which the terminal is intended to be used shall not be greater than 30°C (54°F) based on an ambient
temperature of 25°C (77°F).

57.5.2 Six terminal assemblies using the maximum wire size and six using the minimum size shall be
subjected to this test. The wire is to be assembled to the terminals using any special tools, if required,
according to the manufacturer’s instructions. The maximum current to which the wire will be subjected in
service then is to be passed through the series connection of the terminals. The maximum temperature

rise then is to be measured by the thermocouple method after temperatures have stabilized.

58 Attack Té¢sts

58.1 A digital alarm communicator transmitter used for central-station, proprietary or |

connect burg
sufficient for
signal, using
receiver on th
used, assum
telephone sy
shall be the 1

Exception:
system insta
Alarm Syster

58.2 Each a
message for
sufficiently e
recorded. Th

58.3 The too
power-supply
assemble the
mm) in length
square or 9/3
of conductors

58.4 The prq
thick plywood

ar alarm service shall resist an attack for a period of time that has beenh detq
the transmitter to contact the receiver, deliver an alarm messageJand rece
the tools and methods described in 58.3 — 58.7. It is assumed thatcontact is
e first attempt. The slowest transmission format is to be used»A seven digit nu
ng that the receiver is in the same area code. The transmission shall be over
stem. Ten transmissions shall be made and the average(iime to complete the
equired attack time. See 29.2 — 29.5.

[he manufacturer may specify the slowest transmission format suitable for us
ed in accordance with the Standard for Installation and Classification of Burgla
hs, UL 681.

tack is to be continued beyond the.time required to complete transmission
an additional 60 seconds, or until"the transmitter, its circuitry, or its pow
posed so that if it were still gperating, it could be stopped. The additional
b minimum additional time recgorded establishes the maximum time delay spec

Is used in the attack tests/against a digital alarm communicator transmitter con
enclosure are to include the type of tool intended for use with the faste
product (excluding a‘key or lock pick), a blade type screwdriver not more than
from the bladg tip’to the nearest portion of the handle and not more than 1/4 i

2 inch (7.1 mim) diameter, and a wire cutter. The wire cutter is to be restricted
inside thelenclosure under attack.

ductunder test is to be securely mounted in its intended position on a 3/4 in

police station
rmined to be
ve a sign-off
nade with the
mber is to be
a local public
transmission

e in an alarm
r and Holdup

of the alarm
er supply is
time is to be
fied in 29.24.

trol unit or its
ners used to
B inches (203
nch (6.4 mm)
to the cutting

ch (19.1 mm)

board that extends no less than 12 inches (305 mm) beyond each edge of th(f product and

then to a sul

stantiatTack:

58.5 A single operator is to subject the product to:

a) A disassembly attack using the tool intended for the fasteners used to assemble the product,

b) A

c) A

forcing attack using the blade type screwdriver, and

combination of disassembly and forcing attacks.
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58.6 The forcing attack is to be directed against the enclosure cover, against any slot 1/8 inch (3.2 mm)
or more wide, and against any other unobstructed opening having a minimum dimension of 1/8 inch or
more.

58.7 If the number of knockouts in an enclosure exceeds the number required for the connection of
conduit in an installation, all knockouts are to be subjected to a forcing attack using the screwdriver
described in 58.3.

Exception: Knockouts and openings in the mounting surface of an enclosure are not to be subjected to
attack.

58.8 The diameter of an opening provided in the product for conductors shall not exceed 3/8 inch (9.52

mm) and thé
opening is pr

INTRUSION
59 General
59.1 Intrusio
detector, vib
specified in t
POWER SUF
GENERAL C
60 General
60.1 Product

60.2 Source
rechargeable

60.3 A batte
42.4 volts or
200 percent

requirements

opening shall not be subjected 1o aftack it only one Is provided. IT more-ff
pvided, each shall be subjected to attack using the screwdriver described in'56

DETECTION

h detection portions of a product such as a motion deteetor, proximity de
ation detector, or the like, shall comply with the apprfopriate performance
he Standard for Intrusion-Detection Units, UL 639.

PPLIES

ONSTRUCTION

s shall not depend solely on commercial power.

5 of electrical power that may be used for a digital alarm communicator trans
(secondary) batteries on_full float or trickle charge, and a power supply with ba

y provided with the product, other than a primary battery having an open circy
ess, shall be protected by a fuse or circuit breaker rated at not less than 130 1
pf the maximtim operating load on the battery, or comply with low-voltage and
as defined-by 6.3 (b) and (c).

60.4 If the productis equipped with terminals for the connection of standby power, the term

marked with,

oryreference a drawing that shows, their power ratings including voltage,

an one such
B.3.

ector, sound
requirements

Mmitter include
tery standby.

it potential of
or more than
power limited

inals shall be
current, and

capacity of b

atteries i ampere-fours, and-the umber andtype of batteriesto beused—S

be 84.1(d)(2).
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RECHARGEABLE (SECONDARY) BATTERIES
61 General

61.1 A rechargeable battery shall have sealed cells with spray-trap vents and shall be floated or trickle
charged.

61.2 Batteries shall be located and mounted so that terminals of adjacent cells will be prevented from
coming in contact with each other or with metal parts of the battery enclosure as a result of shifting of the
batteries. The mounting arrangement shall permit ready access to the cells, if such access is required to
check the specific gravity of the electrolyte.

61.3 A condifioning charge shall be Timited so that af the maximum obfainable raie of charde, the battery
gases will no} affect any part of the control unit.

61.4 The intgrior of metal cabinets used to enclose vented rechargeable batteries.shall bg painted with
two coats of pcid-resistant and alkali-resistant compound, or shall be protected-by baked epamel.

61.5 Cabinetis used to enclose liquid electrolyte batteries shall be constructed so that the cqndition of the
batteries may be observed without disturbing them.

61.6 If the battery is contained in a compartment in the same cabinet that houses instrumgnts, the cells
shall be located below the instrument compartment, or otherwise arranged to reduce the rigk of damage
to the instruments as a result of leakage or fumes from the battery.

61.7 The prgduct manufacturer shall provide all specifications, information, and calculations|necessary to
determine that the battery is used within its specifications, and confirm that the charging jmethod used
complies with the battery manufacturer’s specificatiofnis and continues to provide a charging urrent under
all conditions|of intended use. The conditions of intended use shall include undervoltage anfl overvoltage
conditions as|described in the Undervoltage @peration Test, Section 37, and Overvoltage Operation Test,
Section 38, in all combinations with the temperature variations described under the Variable Ambient Test,
Section 39.

61.8 All intended conditions of, battery discharge shall comply with the battery manufacturer’'s
specificationg, with regard to rateof discharge and with automatic voltage cutoff, if required to prevent
polarity revergal or damage:

61.9 If two of more cells-are used in series or parallel, the conditions of use shall provide fof equalization
of cells in compliance with the battery manufacturer’s specifications.

61.10 The conditions of storage shall comply with the battery manufacturer’s specifications yith regard to
position, temperature, andstate-of-charge:

61.11 If the battery is of a type that will lose capacity as a result of long periods of inactivity, provision
shall be made for discharging and recharging the battery to prevent the condition or for a method of
detecting the existence of a capacity loss.
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61.12 A warning of precautions necessary to prevent premature battery failure, if any precautions are
necessary, shall be contained in the installation instructions and shall include position of mounting,
temperature limits, state-of-charge, and periods of inactivity if the battery is of a type that may lose
capacity due to these conditions. Markings on the product adjacent to the battery shall indicate either
battery type and estimated life or a method of testing battery condition.

PERFORMANCE
62 Power Failure
62.1 A digital alarm communicator transmitter used for central-station, local or police station connect
service shall operate from a primary power source of commercial power and shall be provided with

standby powér sufficient 10 operate the product for the period specified in 62.4 in the event|of loss of the
primary powgr source.

62.2 With standby power connected, neither loss nor restoration of commercial pawer’sourde shall cause
an alarm signal.

62.3 To detgrmine compliance with the requirement in 62.2, the product is\to be energized|in the normal
supervisory gondition and the primary power source is to be interrupted.for1 minute and thep restored for
1 minute for p total of 10 cycles of primary power interruption. Each(nterruption shall resylt in a power
loss indicatiop, as required by 21.5.1.

62.4 Compligance with the requirement in 62.1 necessitates:the’ automatic provision of a sfandby power
supply so thgt in the event of primary power loss the productwill be maintained in the inten¢led operating
condition for the following periods of time:

a) Bank Vault Alarms — 72 hours and
b) Mercantile Alarms — 4 hours.

62.5 Ultimatg¢ loss of battery power forthe protection circuit shall result in an alarm or trouble signal. See
63.2.

62.6 If the pfimary power supply~is intended to provide a continuous output for the protectipn circuit and
an intermittemt output, suchfas“for an alarm sounding device, light or the like, it shall comply with the
requirements|of 61.7 whilexsupplying the continuous output, but may provide power from the| battery while
supplying thg intermittent-output.

62.7 Followihg an.extended primary power failure followed by restoration of power, fechargeable
batteries shall-recharge sufficiently within 24 hours to provide the required power for 4 hours of standby
operation and-shattrecharge sufficientty withim72-hoursto provide 72 hours of starmaby operation.

62.8 Compliance with the requirement of 62.7 is to be determined by:

a) Fully charging the standby battery by operating the product from primary power for not less
than 7 days (168 hours); then

b) Operating the product on the standby battery for an extended primary power failure (see
62.9); then

c) Reconnecting the product to primary power for the time period required in 62.7; and then
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d) Operating the product on the standby batteries for the period of time required by 62.4.

62.9 An extended primary power failure is defined as follows:

a) Bank Vault Alarms — 72 hours and

b) Mercantile Alarms — 24 hours.

63 Operation

63.1 The transmitter shall be capable of operating from the primary power source alone if the battery has
failed or been removed.

Exception: 1

63.2 A trans
system, or a

63.3 A signg
central-statio
restored duri
to a point wh
station.

63.4 If there
voltage shall
battery capag
signal require

63.5 The co
central-statio
automatic pa
hours. The b
service.

Exception:
burglar-alarm

\ local sounding device need not be operated by the primary power source.on

mitter intended for use in a residential burglar-alarm system, a réesidential
home health care medical alert system shall comply with either 63.3)0r 63.4.

| indicating that there has been a primary power source failtre shall be trans
n. The transmission may be delayed up to 8 hours andc¢canceled if the prinj
ng the delay time. The transmission shall be made beforé)the battery capacityj
bre it would be unable to make no less than five attempts to transmit a signal 1

is a primary power source failure and the uhit-is operating on standby batter
be monitored. A low battery signal shall.be transmitted to the central-statiq
ity falls to an inoperative level. This sighal may precede the primary power
d by 63.3.

ndition of the standby battery shall be monitored and a trouble signal trang
N if the battery is not able to_peéerform its standby function. The battery chec
t of the closing or opening-routine or a check that is conducted automatically g
attery check shall be cenducted under a load sufficient to identify a battery

This requiremient does not apply to a transmitter intended for use in
system, a résidential fire warning system, or a home health care medical ale

Exception:

on trouble signal may be transmitted to the central-station for primary power s
, lowbattery voltage and other power supply problems if the specific trouble i

y.

fire warning

mitted to the
ary power is
has dropped
0 the central-

v, the battery
n before the
source failure

mitted to the
k may be an
nce every 24
that requires

a residential
t system.

ource failure,
5 identified at
station makes

This requirement does not apply to a transmitter intended for use in
burglar-alarm system, a residential fire warning system, or a home health care medical alert system.

age.

a residential


https://ulnorm.com/api/?name=UL 1635 2018.pdf

APRIL 13, 2018 DIGITAL ALARM COMMUNICATOR SYSTEM UNITS - UL 1635 85

64 Digital Alarm Communicator Receiver Power Supply

64.1 A digital alarm communicator receiver shall operate from a primary power source of commercial
power and provide for standby power as specified in the requirements for power supply in the Standard
for Central-Station Burglar-Alarm Systems, UL 611.

SHORT RANGE RADIO FREQUENCY (RF) DEVICES

65 General

65.1 These requirements cover the operation of control units and systems that utilize initiating,
annunciating, and remote control devices that provide signaling by means of low power radio frequency

(RF) in acco rol units and
systems sha
requirements

65.2 These fequirements are applicable:

a) T
trans

b)
two-

65.3 Initiatin
only one dev

Exception:
a) T

b) Tl

V\\ljth modifications, to a system employing such configurations as multiple recei

fdance with the Code of Federal Regulations (CFR) 4/, Part 15. Such con
| comply with Sections 1— 64 of this standard except that in the event 'of
of this section shall apply.

b a system configuration consisting of multiple transmitters atid a single receiv
itters operating on a random basis and
ay interrogate response system.

) circuit transmitters that are powered by a nmenrechargeable (primary) battef
ce and shall be individually identified at thereceiver/control unit.

Vlore than one device may be servedby one transmitter if:

ne transmitter and the devices are located in the same room and
e devices all service the<same function such as

1) Door contacts;

2) Window €ontacts,

3) Motion detectors, or

4)\Glass break detectors.

65.4 A repe

conflict, the

br with the

ers or a

y shall serve

ateris—a transceiver (transmitter/receiver)that s used—to Teceive transim

issions from

transmitters and relay the signals to the receiver/control unit. A repeater shall comply with all of the
requirements that apply to a transmitter.

65.5 A transmitter that is powered from a nonrechargeable (primary) battery, may shut down for a
maximum period of 3 minutes after a transmission sequence in order to conserve its battery if it is used
with a motion detector, a public door, or other application where it would be frequently triggered during
the disarmed period of the alarm system. After the 3 minute shut down, the transmitter shall initiate a
transmission sequence the next time the device that it is connected to is operated.
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66 Time to Report Alarm

66.1 The transmitter/receiver combination shall be arranged so that the occurrence of an alarm or
emergency condition at any transmitter will be immediately communicated to the receiver/control unit and
from there to the central-station. Under unusual or abnormal operating conditions (such as clash or
interference), this signal may be delayed for a period not exceeding 90 seconds.

66.2 An alarm signal from an RF initiating device shall latch at the receiver/control unit until manually
reset and shall identify the particular RF initiating device in alarm.

Exception No. 1: If the identification of the RF initiating device is transmitted to the central-station, latch-in
is not required.

Exception N¢. 2: Check-in signals required by Inoperative Transmitter Reporting, Seetioh 67, are not
required to Igtch and identify.

66.3 To provide higher priority to alarm and emergency signals than to other sighals, such signals shall
be either continuous or periodically repeated at intervals not exceeding 60"seconds until the initiating
device is retyrned to its normal condition. If the signal is continuous, the {ransmitter shall ble limited to a
maximum 15|percent duty cycle measured over a 1-minute interval.

67 Inoperative Transmitter Reporting
67.1 A receiyer/control unit shall report an inoperative transmitter in the system to the gentral-station
within 4 houfs after the transmitter becomes inoperativex’The report shall indicate thaj there is an
inoperative transmitter and shall:

a) ldentify the transmitter or

b) The identity of the transmitter shallbe latched-in at the receiver/control unit.
67.2 The noimal periodic transmissionftem a wireless initiating device shall, by transmitting at a reduced
power level ¢f at least 3 decibels or\by other means, provide additional assurance of sucfessful alarm

transmission [capability.

67.3 The redquirements of 67.2-are met through compliance with Sections 74, 76, 77, and 19.
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