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INTRODUCTION
1 Scope

1.1 These requirements cover connectors and switches for use with burglar-alarm systems in mercantile
premises, mercantile safes and vaults, bank safes and vaults, government and corporate locations, and
residences. They are intended to be used in circuits of limited energy, for these applications, in
accordance with Article 725 of the National Electrical Code, NFPA 70.

1.2 The connectors and switches covered by these requirements include insulated contact springs and
mating brackets; magnetically actuated and mercury switches; heat, smoke, and vibration detectors; floor

mats; floor traps, special contacts for safes and vaults; flexible connectors; foil connectors

; and shunting

devices.

1.3 Switche
doors, windov

1.4 Conned|
components 4§

1.5 The pro
integral with t

1.6 The pro
Standard for
Standard for |

2 General

21 Compo

2.1.1 Excep
the requirem
generally use

2.1.2 Acom

a) Inv

s covered by these requirements are intended for use in protective circuit

fors covered by these requirements are intended to join various parts of pr
nd wiring.

Jucts covered by these requirements may require an’éxternal source of electr
e product.

ducts covered by these requirements are jntended to be installed in accorg
Installation and Classification of Burglarand Holdup Alarm Systems, UL 6§
nstallation and Classification of Residential Burglar Alarm Systems, UL 1641.

nents

t as indicated in 2.1.2, a component of a product covered by this standard sh
bnts for that component. See Appendix A for a list of standards coverin
1 in the products covered by this standard.

ponent is\pot required to comply with a specific requirement that:

plves™a feature or characteristic not required in the application of the com

5 to supervise

s, hatches, vents, trap doors, and the like, to initiate an alarm signal when actiyiated.

btective circuit

cal energy not

ance with the
1, or with the

hll comply with
j components

ponent in the

produg

t.covered by this standard, or

b) Is superseded by a requirement in this standard.

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

use.

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

2.2 Units of measurement

2.21

approximate information.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or
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2.2.2 Unless otherwise indicated, all voltage and current values mentioned in this standard are root-
mean-square (rms).

2.3 Undated references

2.3.1
be interpreted

as referring to the latest edition of that code or standard.

logy

Any undated reference to a code or standard appearing in the requirements of this standard shall

The term "product” as used in this standard refers to all types of connectors and switches.

24 Termino

241

3 Glossary

3.1 Forthep

3.2 BALANC

includes addit

or defeat.

3.3 CIRCUIT
a) High
circuit
b) Low
AC pes
c) Pow
40.

d) Cla
require
e) Cla
require

3.4 LEVEL

specified in Sg

Sections 50 —

urpose of this standard the following definitions apply.

ED MAGNETIC SWITCH (BMS) — A switch that is constructed“in such a m
onal components that increase resistance to magnetic, electrical and mechan

S, ELECTRICAL -

-Voltage (Class 1) — A circuit involving a potential of not more than 600 vol
haracteristics in excess of those of a low-voltage power-limited circuit.

L\Voltage — A circuit involving a potential\of'not more than 30 volts AC rms, 42
k.

er-Limited — A circuit whose oufput is limited as specified in Power-Limited Ci

Iments of Table 40.1 for AC circuits and Table 40.2 for DC circuits.

Iments of Table 40.1 for AC circuits and Table 40.2 for DC circuits.

HIGH(SECURITY SWITCH — In addition to complying with the applicable
ctions_ T — 48, a High Security Level 1 Switch shall comply with the requiremen

anner or that
cal tampering

Is and having

4 volts DC or

cuits, Section

bs 2 — A circuit in which)the voltage and power limitations are in accordance with the

bs 3 — A circuit in” which the voltage and power limitations are in accordance with the

requirements
ts specified in

h7.

3.5 LEVEL 2 HIGH SECURITY SWITCH (BMS) — A Level 2 High Security Switch is a Balance Magnet
Switch including requirements specified for a Level 1 High Security Switch and additional requirements
specified in Sections 58 — 64.

3.6 SUPPLEMENTARY DEVICE - An assembly of parts intended to provide a supplementary service or
function as opposed to primary, required service.

CONSTRUCT

ASSEMBLY

ION
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4 General

4.1
apply also for

5 Frame an
5.1

5.1.1

any accessories or supplementary devices with which it is to be used.

d Enclosure

General

Unless specifically indicated otherwise, the construction requirements specified for a product shall

The frame and enclosure of a product shall have strength and rigidity to resist total or partial

collapse that may result in reduction of mechanical protection or electrical spacings (see Spacings,

General, Sec

ion 15), loosening or displacement of parts_or other serious defects

5.1.2 Electr|
unintentional

cal parts of a product shall be located or enclosed so that protection(is\pr
contact with uninsulated high-voltage live parts.

5.1.3 Operating parts, such as gear mechanisms, light-duty relays, and‘similar devj

enclosed to
operation.

514 Anen
operating par
considered to

brotect against malfunction from dust or other material that“may impair

closure shall have means for mounting that shall bé accessible without disa
b of the product. Removal of a completely assembled panel to mount the er
be disassembly of an operating part.

5.2 Cast metal

521 Them

Exception: Ca
of the enclosy

5.3 Sheet n]

5.3.1 The t

st metal of lesser thickness may be used if, upon investigation, the shape, siz
re provides equivalent metchanical strength. See the Impact Test, Section 32.

etal

hickness of sheet metal used for the enclosure of a product shall not be

indicated in Table 5.2 or Table 5.3, whichever applies.

Exception: S
function of thd

enelosure provides equivalent mechanical strength. See the Impact Test, Seg

nimum thickness of cast metal for anienclosure shall be as indicated in Table %.1.

bvided against

ces, shall be
their intended

5sembling any
closure is not

b, and function

less than that

heet metal of lesser thickness may be used if, upon investigation, the shape, size, and

tion 32.

5.3.2 A sheet metal member to which a wiring system is to be connected in the field shall not be less
than 0.032 inch (0.81 mm) thick if of uncoated steel, 0.034 inch (0.86 mm) if of galvanized steel, and 0.045
inch (1.14 mm) if of nonferrous metal.

5.4 Nonmetallic

5.41
(1.6 mm).

Nonmetallic material used for an enclosure shall have a wall thickness of not less than 1/16 inch
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Cast-metal enclosures

Table 5.1

Minimum thickness

Cast metal of other
than the die-cast
Die-cast metal, type,
Use, or dimensions of area involved? inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less and having no dimension greater 116 1.6 1/8 3.2
than 6 inches (152 mm)
Area greater than 24 square inches (155 cm?) or having any dimension 3/32 2.4 1/8 3.2
greater than 6 inches (152 mm)
At a threaded copduit hole 174 6.4 17& 6.4
At an unthreadegl conduit hole 1/8 3.2 18 3.2
@ The area limitation for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs'subdividing a larger
area.
Table 5.2
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel
Minimum Minimum
With supporting frame or equivalent thickness thjckness metal
Without S|upporting frame? reinforcing? uncoated, coated,
Maximum widtlu,b Maximurp length, Maximum width,” | Maximum length, inch (mm) ich (mm)
inches (cm) inches (cm) inches (cm) inches (cm) [MSG] [GBG]
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.p23 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (1749 8.25 (21.0) [24] [24]
6.0 (15.R) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.p29 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12,5 (31.8) [22] [22]
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.p34 (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.p45 (1.14)
14.0 (35.9) 18.0 (4577) 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.p56 (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.p63 (1.60)
25.0 (63.%) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) [15] [15]
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 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) [12] [12]
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) [11] [11]
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) [10] [10]

Table 5.2 Continued on Next Page
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Table 5.2 Continued

Minimum Minimum
With supporting frame or equivalent thickness thickness metal
Without supporting frame? reinforcing® uncoated, coated,
Maximum width,” Maximurp length, Maximum width,® | Maximum length, inch (mm) inch (mm)
inches (cm) inches (cm) inches (cm) inches (cm) [MSG] [GSG]

@ 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
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
channels. Construction considered to be without supporting frame includes:

1) AFNgie sheet with single Tormed flanges (jormed edges);

2) Akingle sheet which is corrugated or ribbed; and

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

® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure; Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

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

Table 5.3
Minimum thickness of sheet metal for electrical enclostires — aluminum, copper, jor brass
With suppaorting frame or equivalent
Without supporting frame? reinforcing®
Maximum w{dth,’ Maximum length,® Maximunr'width,” Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 7.6 Not limited 7.0 17.8 Not limited
3.5 8.9 4.0 10.2 8.5 21.6 9.5 241 0.02B 0.58
4.0 10.2 Not limited 10.0 254 Not limited
5.0 12.7 6.0 15,2 10.5 26.7 13.5 34.3 0.02p 0.74
6.0 15.2 Not limjited 14.0 35.6 Not limited
6.5 16.5 8.0 20.3 15.0 38.1 18.0 45.7 0.03p 0.91
8.0 20.3 Not limited 19.0 48.3 Not limited
9.5 241 445 29.2 21.0 53.3 25.0 63.5 0.04p 1.14
12.0 30.5 Not limited 28.0 711 Not limited
14.0 35,6 16.0 40.6 30.0 76.2 37.0 94.0 0.058 1.47
18.0 45.7 Not limited 42.0 106.7 Not limited
20.0 50.8 25.0 63.5 45.0 114.3 55.0 139.7 0.075 1.91
25.0 63.5 Not limited 60.0 152.4 Not limited
29.0 73.7 36.0 91.4 64.0 162.6 78.0 198.1 0.095 2.41
37.0 94.0 Not limited 87.0 221.0 Not limited
42.0 106.7 53.0 134.6 93.0 236.2 114.0 289.6 0.122 3.10
52.0 132.1 Not limited 123.0 312.4 Not limited
60.0 152.4 74.0 188.0 130.0 330.2 160.0 406.4 0.153 3.89
@ 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
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
channels. Construction considered to be without supporting frame includes:

Table 5.3 Continued on Next Page
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Table 5.3 Continued
With supporting frame or equivalent
Without supporting frame? reinforcing?
Maximum width,° Maximum length,® Maximum width,” Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)

enclosure may h

¢ For panels whi
be limited to the

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

2) A single sheet which is corrugated or ribbed, and

3) An enclosure surface loosely attached to a frame, such as by spring clips.
® The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an

ave supports in common and be made of a single sheet.

F are Not SUPpOIted along one Side, Tor eExample, side panels of DOXEs, the lengtn of the unsupporn
Himensions specified unless the side in question is provided with a flange at least 1/2 inch (12.Zm

fed side shall
M) wide.

5.4.2 Among
enclosure are:

a) The

b) Res

the factors taken into consideration when determining the acceptability of

Mmechanical strength;

stance to impact;

c) Moi

d) Flammability and resistance to ignition from electrical'sources;

e) Diel

f) Resi

under gny conditions of use; and

g) The

All these factd
Materials, Sec

54.3 Assem
to wire or instg

6 Corrosion

ture-absorptive properties;

ctric strength, insulation resistance, and resistance to arc tracking;

stance to distortion and creeping at\teémperatures to which the material may,

effect of exposure to weathering if for outdoor use.

rs are to be considered with respect to aging in accordance with the Tests
tion 38, and the Impact Test, Section 32.

bly screws that hold essential working parts and that must be loosened or ren
Il a connector or switch shall not thread into material other than metal.

Protection

a nonmetallic

be subjected

on Polymeric

oved in order

6.1 Iron and steel parts, other than bearings, and the like, where such protection is impracticable, shall
be protected against corrosion by enameling, galvanizing, sherardizing, plating, or other equivalent
means, as determined by the requirements of the Corrosion Tests — Indoor Use, Section 26.

6.2 The requirement in 6.1 applies to all enclosures of sheet steel or cast iron, and to all springs and
other parts upon which intended mechanical operation may depend.

Exception No. 1: This requirement does not apply to parts, such as washers, screws, bolts, and the like, if
corrosion of such unprotected parts would not result in risk of electric shock or fire, or impair the operation

of the product.

Exception No. 2: Parts made of stainless steel, polished or treated, if necessary, do not require additional

protection aga

inst corrosion.
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6.3 Bearing surfaces shall be of such materials and design as to resist binding due to corrosion.

6.4 Metalsu

sed in combination shall be galvanically compatible.

6.5 Enclosures of corrosion-resistant material may be used without special corrosion protection.

FIELD WIRIN

7 General

7.1

G CONNECTIONS

Common requirements

7.1.1  Wiring
required by th

7.1.2 Afield
a)7.1]
b) Thel
c) The

d) Th
Condd

e) The

The current-g
material. Seg
terminals inte
requirements
relief, and the
reference to t

7.1.3 A fiel
accomplished
lug, or offset;
not be used a

terminals or leads shall be provided for connection of conductors of+at
e National Electrical Code, NFPA 70.

wiring terminal shall comply with the requirements in:

h—7.1.8;

field wiring requirements for the Standard for Electrical.Quick-Connect Termin

Standard for Wire Connectors, UL 486A-486B;

a)

b Standard for Equipment Wiring Terminalsofor Use With Aluminum 3
ctors, UL 486E; or

field wiring requirements (Code 2) for the Standard for Terminal Blocks, UL 10

arrying parts shall be silver, copper, a copper alloy, or a similar nonferro
uring screws and the like may- be plated steel. Equipment provided with
hded for field termination.of electrical conductors to the equipment and com
in the Standard for Elecfrical Quick-Connect Terminals, UL 310, shall be provi

installation instructions shall include instructions for effecting the strain reli
he specific connectors to be used.

d wiring terminal shall be prevented from turning or shifting in position.

by mean§isuch as two screws or rivets; by square shoulders or mortises; b
or by a connecting strap or clip fitted into an adjacent part. Friction between
5 a means for preventing movement of the terminals.

least the size

als, UL 310;

nd/or Copper

59.

us conductive
quick-connect
blying with the
ded with strain
ef and include

This may be
y a dowel pin,
surfaces shall

7.1.4 Field wiring terminals intended for connection of 10 AWG (5.3 mm-) and smaller wires may consist
of terminal plates with wire binding screws.

7.1.5 A terminal plate tapped for a wire binding screw shall not have 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.

Exception No. 1: Two full threads are not required if fewer threads will result in a secure connection in
which the threads will not strip with tightening torque in accordance with the values indicated in the
Standard for Wire Connectors, UL 486A-486B.

Exception No. 2: Other constructions may be used if they provide equivalent ruggedness of the terminal
plate and thread security of the wire binding screw.
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7.1.6 A wire binding screw shall not be smaller than No. 8 (4.2 mm diameter).

Exception: A No. 6 (3.5 mm diameter) screw may be used for the connection of one 14 AWG (2.1 mm?) or
smaller conductor and a No. 4 (2.8 mm diameter) screw may be used for the connection of one 19 AWG
(0.65 mm?) or smaller conductor.

7.1.7 A terminal plate tapped for a wire binding screw shall be of nonferrous metal not less than 0.050
inch (1.3 mm) thick if used with a No. 8 (4.2 mm diameter) or larger screw, and not less than 0.030 inch
(0.76 mm) thick if used with No. 6 (3.5 mm diameter) or smaller screw.

7.1.8 If two or more conductors are intended to be connected by wrapping under the same screw, a
nonferrous intervening metal washer shall be used for each additional conductor. If the wires protrude
above termingdl barriers, the nonferrous separator shall include means, such as upturneddabs or sides, to
retain the wire

Exception: A deparator washer is not required if two conductors are separated and\intended [to be secured
under a commpon clamping plate.

7.2 Terminals — qualified application

7.2.1 Any of the following terminal configurations may be used)for connection of field wiring if the
construction cpmplies with all of the requirements in 7.2.2.

a) Pugh-In Terminals — Nonferrous (screwless) push-in terminals of the type uged on some
switchgs and receptacles wherein solid conducters’ may be pushed into slots contpining spring-
type refaining contacts. The leads can be removed by means of a tool inserted to reli¢ve the spring
tension] on the conductor. Push-in terminals;shall not be used with aluminum cofductors. The
marking adjacent to the terminal shall indicate that only copper conductors are to be ysed.

b) Quigk-Connect Terminals — Nonferrous quick-connect (push-type) terminals consjisting of male
posts permanently secured to the-device and provided with compatible female donnectors for
connedtion to field wiring. Requires special tool for crimping of field wires. Mating terminals shall be
shipped with the product, with instructions for their installation.

c) Solder Terminals — €onventional nonferrous solder terminals.

d) Solderless Wrapped Terminals — Nonferrous terminals requiring a special tool and terminal post
design

e) Telgphone Type Terminals — Nonferrous terminal plates using a narrow V-shaped slot for
securirlg'ef a conductor in a special post design, and requiring a special tool for wire gonnection.

f) Other Terminals — Other terminal connections may be used if determined to be equivalent to
those described in (a) — (e).

7.2.2 Any of the terminal configurations listed in 7.2.1 may be used 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 and the name of the manufacturer and the model number, or equivalent shall also be
indicated, along with information as to where the tool may be obtained.

b) The range of wire sizes shall be indicated in the installation wiring diagram. The minimum
permissible wire size to be used shall not be smaller than 22 AWG (0.32 mm?).

¢) The wire size to be used shall have the current-carrying capacity of the circuit application.
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d) The terminal configuration shall comply with the requirements in the Special Terminal
Assemblies Tests, Section 39.

Exception: Terminals complying with the requirements in any of the standards specified in 7.1.2 are
not required to be subjected to the Special Terminal Assemblies Tests, Section 39.

7.3 Leads

7.3.1

smaller than 22 AWG (0.32 mm?).

A lead provided in lieu of wiring terminals shall not be less than 6 inches (152 mm) long, and not

Exception No. 1: A lead may be less than 6 inches (152 mm) long if it is evident that the use of a longer

lead may rest

Exception No

a) The
excee

b) The

c) The
37;an

d) The
than 1

Exception No
(0.82 mm®).

7.4 Strain relief

741 Astra

not be transnpitted to terminals,splices, or interior wiring, as determined by the Strain R

Section 37.

7.4.2 Ifakn
which it may
may cause al

It in damage to the lead insulation or impair the operation of the product.

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

current does not exceed 1 ampere for lengths up to 2 feet (61 cm).and the cu
i/ 0.4 ampere for lengths up to 10 feet (3.05 m);

re are two or more conductors and they are covered by a common jacket or theé

assembled conductors comply with the requirement of the Strain Relief Pu
f

installation instructions shall indicate that the*lead shall not be spliced to a cq
8 AWG (0.82 mm?).

3: A lead intended for connection ofialine-voltage source shall not be smalle

n relief means shall be provided so that a mechanical stress on a flexible co

come il contact shall be free from projections, sharp edges, burrs, fins, and
rasion-of the insulation on the conductors.

rrent does not

b equivalent;

Test, Section

nductor larger

Fthan 18 AWG

d or cable will
clief Pull Test,

pt in a flexible cord serves as strain relief, a surface against which the knot may bear or with

the like, which

7.5 Bushings

7.5.1 At a point where wiring passes through an opening in a wall, barrier, or enclosing case, there shall
be a bushing, or the equivalent, that shall provide a smooth, rounded surface against which the cord may
bear.

Exception: A bushing is not required if the hole provided for passage of wiring is in phenolic composition or
other nonconducting material, or in metal not less than 0.042 inch (1.07 mm) thick, and the hole has
smooth, rounded edges.

7.5.2 Ceramic materials and some molded compositions that have been determined to be acceptable
may be used for insulating bushings.
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7.5.3 Fiber may be used where it will not be subjected to a temperature higher than 90°C (194°F) under
intended operating conditions if the bushing is not less than 3/64 inch (1.2 mm) thick and will not be

exposed to moisture.

INTERNAL WIRING AND ASSEMBLY

8 General

8.1
and rated 600

Exception No.

volts.

1-_Internal wiring may have thermaoplastic or rubber insulation not less than

Internal wiring shall have thermoplastic or rubber insulation not less than 1/32 inch (0.8 mm) thick

1/64 inch (0.4

mm) thick, and
the wiring is nq

Exception No.
and mechanic|

8.2 Leads or
permit the full
shall be secur
parts of the en|

8.3 Insulatio

 rated 300 volts if power is less than 375 volt-amperes, current is less than(5
bt subject to flexing or mechanical abuse.

2: Other insulating material of lesser thickness may be used if itchas equiva
bl properties.

a cable assembly connected to parts mounted on a hinged«cover shall be suffi
opening of the cover without applying stress to the lgads’ or their connectio
bd or equivalently arranged to reduce the risk of abrasign of insulation and jam
closure and shall be of a flexible type.

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

as a result of ¢xposure to the temperature or other environmental conditions to which it may

in intended us

8.4 Wireway
may cause ab

8.5 All splice]

8.6 Strande(
strands solder

8.7 Asplice

8.8 A printed

=)

c.

s shall be smooth and free from.sharp edges, burrs, fins, moving parts, and
asion of the conductor insulatjon:

5 and connections shall beymechanically secure and electrically bonded.

conductors clamped under wire binding screws or similar parts shall have
bd together or equivalently arranged.

bhall be pfovided with insulation equivalent to that of the wires involved.

-wiring assembly shall comply with the Standard for Printed-Wiring Boards, UL

amperes, and

ent insulating

ciently long to
ns. The leads
ming between

ly deteriorate
be subjected

the like, that

the individual

796.

8.9 A printed-wiring assembly using insulating coatings or encapsulation shall comply with the
requirements of the Dielectric Voltage-Withstand Test, Section 35, 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 34, the Temperature Test,
Section 25, and the applicable tests described in this standard.

9 Wiring Methods

9.1 An open-circuit device shall be provided with terminals or leads so that its connections to the
protective circuit can be supervised against removal.

9.2 Exposed crossover conductors carrying circuits from fixed to movable components shall be of
flexible cord Type SJ, SJT, SV, SVT, or that which has been determined to be the equivalent.
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10 Separation of Circuits

10.1 Internal wiring of circuits which operate at different potentials shall be separated by barriers,
clamps, routing, or other equivalent means, unless all conductors are provided with insulation which is
rated for the highest potential involved. See 10.3.

10.2 A barrier used to provide separation between the wiring of different circuits shall be of metal or of
insulating material. A barrier of insulating material shall not be less than 0.028 inch (0.71 mm) thick. Any
clearance between the edge of a barrier and a compartment wall shall not be less than 1/16 inch (1.6 mm).

10.3 When Class 2, Class 3 and power-limited fire alarm circuit conductors occupy the same enclosure
as electric light, power, Class 1, or nonpower-limited fire alarm circuit conductors, both of the following

conditions shall be met:

a) The
Class
power
compl

b) The enclosure shall be constructed so that, with all field-installed wiring con

produ
power:
limited
wire rq
will no

Exception: TH

enclosure shall provide a minimum of two conductor entry openings)so tha

3, and power-limited fire alarm circuit conductors may be segregated fron
Class 1 and nonpower-limited fire alarm circuit conductors. The-installation g
btely detail the entry routing of all conductors into the enclosure.

t, @ minimum of 1/4 inch (6.4 mm) spacing is provided between all Class 2
limited fire alarm circuit conductors and all electric light, power, Class 1 3
fire alarm circuit conductors. Compliance with this\tequirement may be achie
uting configurations that are detailed in the installation document. If a wire r
maintain a separation of 1/4 inch (6.4 mm), barriers shall be used to provide s

is requirement need not apply when_all circuit conductors operate at 150 v

t the Class 2,
electric light,
ocument shall

nected to the
Class 3, and
nd nonpower-
ed by specific
buting scheme
eparation.

olts or less to

ground, and:
a) Thg Class 2, Class 3, and powerflimited fire alarm circuits are installed using CL3, CL3R, or
CL3P,|or substitute cable permitted-by the National Electrical Code, NFPA 70, anfl the Class 2,
Class |3, and power-limited fire ‘alarm circuit conductors extending beyond the cgble jacket are
separated a minimum of 1/4 inch or by nonconductive tubing or by a nonconductive barrier from all
other ¢onductors, or
b) Thg Class 2, Class.3, and power-limited fire alarm circuit conductors are installeq as a Class 1,
or higRer, circuit.

ELECTRICALL COMPONENTS

11 General

11.1  Mounting of parts

11.1.1  All parts shall be securely mounted in position and prevented from loosening or turning (see
11.1.3) if such motion may impair the performance of the product or create a risk of an electric shock or
fire.

11.1.2 Uninsulated live parts shall be secured to their supporting surfaces so that they will be prevented
from turning or shifting in position if such motion may result in a reduction of spacings to less than those
indicated under Spacings, Section 15.

11.1.3 Friction between surfaces shall not be used as a means to prevent turning, loosening, or shifting
of a part as required in 11.1.1 and 11.1.2. A lock washer that provides both spring takeup and an
interference lock, or equivalent means, may be used as a means to prevent turning.
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11.1.4 A product that has a means for adjustment shall also have a method by which that adjustment
may be positively locked in position.

11.2 Insulating materials

11.2.1 Materials used as a base for the support of live parts shall be of a strong, 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.)

11.2.2 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 that are not staked, upset, sealed, or
equivalently pfevented from loosening so as to prevent such parts and the ends of replacéable terminal
screws from cpming in contact with the supporting surface.

11.2.3 Vulcapized fiber may be used for insulating bushings, washers, separators,/and bartiers, but shall
not be used for the sole support of live parts where shrinkage, current leakage, ‘or' warping of the fiber may
introduce a risk of fire or electric shock.

11.2.4 A countersunk sealed live part shall be covered with a waterproof insulating comgound that will
not melt at a femperature 15°C (27°F) higher than the maximumyintended operating tempgrature of the
assembly, and at not less than 65°C (149°F) in any case. Theddepth or thickness of sealing compound
shall not be legs than 1/8 inch (3.2 mm).

11.3 Curreng-carrying parts
11.3.1 A curent-carrying part shall be of metal, such as silver, copper, a copper alloy, or thg equivalent.

11.3.2 Bearipgs, hinges, and the like, shallvnot be used as current-carrying parts unlegs specifically
intended for thiat purpose.

12 Capacitors

12.1 A capagitor shall not be affected by the temperature to which it may be subjected upder the most
severe conditjons of intended use. A paper capacitor shall be impregnated or otherwis¢ enclosed to
exclude moistgrre.

13 Semiconrluctors

13.1 Semiconductors shall be rated for the intended application under all environmental conditions to
which they may be exposed in service. See the Performance Tests, Sections 16 — 39 and Sections 45 —
48.

14 Key-Operated Shunting Devices

14.1  Key-controlled shunting devices shall use a locking cylinder that complies with the requirements in
the Standard for Key Locks, UL 437.
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SPACINGS
15 General

15.1 Spacings between uninsulated live parts and between uninsulated live parts and dead metal parts
including metallic mounting surfaces shall not be less than those indicated in 15.2 — 15.5.

15.2 The spacing between an uninsulated live part and:
a) A wall or cover of a metal enclosure;

b) A fitting for conduit or metal-clad cable; and

c) A metal piece attached to a metal enclosure, where deformation of the encIosureL may result in
reduced spacings;

shall not be lgss than that indicated in Table 15.1.

Table 15.1
Minimum spacings

Minimum spacings®?
Through air, Over surfate,
Point|of application inch (mm) inch (mm)

To walls of enclpsure:

Cast metgl enclosures 1/8 3.2 1/8 3.2

Sheet metal enclosures 1/4 6.4 1/4 6.4
Installation wirirjg terminals:

With barriers 1/8 3.2 1/4 6.4

Without bprriers 1/4 6.4 1/4 6.4
Rigidly clamped assemblies®® 1/32 0.8 1/32 0.8
Other parts 1/16 1.6 1/8 3.2
To mounting sufface 1/8 3.2 1/4 6.4

@ An insulating I[ner or barrier ef.vulcanized fiber, varnished cloth, mica, phenolic composition, or similar material used where
spacings would|otherwise be/nsufficient, shall not be less than 0.028 inch (0.71 mm) thick; except that a liner or barrier not less
than 0.013 inch|(0.33 mm) thick may be used in conjunction with an air spacing of not less than one-half of the thrgugh air spacing
required. Insulafing material having a thickness less than that specified may be used if it is determined acceptable|for the
particular applidations

A

® Measurementé are’to he made with solid wi

shall the wire be smaller than 18 AWG (0.82 mm?).
Exception: If the maximum size wire that can be used on the terminal is smaller than 18 AWG, the maximum wire size for which
the terminal is rated shall be used.

° Rigidly clamped assemblies include such parts as contact springs on relays or cam switches, printed wiring boards, and the like.

4 Spacings less than those indicated, but not less than 1/64 inch (0.4 mm), may be used for the connection of integrated circuits
and similar components where the spacing between adjacent connecting wires on the component is less than 1/32 inch (0.8 mm).

15.3 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,
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shall not be less than that indicated in Table 15.1.

15.4 If a short circuit between uninsulated live parts of the same polarity would prevent the intended
signaling operation of the product without simultaneously producing an alarm signal, the spacings
between such parts shall not be less than those indicated for "other parts" in Table 15.1.

15.5 Film-coated wire is considered an uninsulated live part in determining compliance of a product with
the spacing requirements, but film-coating may be used as turn-to-turn insulation in coils.

PERFORMANCE

16 Test Units_.and Data

16.1 Connegtors and switches that are fully representative of production units are tobevused for each of
the following te¢sts unless otherwise specified.

16.2 The deyices used for testing are to be those specified by the wiring diagram of the product, except
that substitutd devices may be used if they produce functions and load, conditions equivalent to those
obtained with {he devices intended to be used with the product in service.

17 Test Sanjples and Miscellaneous Data

17.1 The follpwing samples and literature are to be provided.for testing:
a) Six gr more assembled samples of each design;
b) Oneladditional unassembled sample of each design;

c) For gach encapsulated or sealed as§embly, one or more samples of each such assembly shall
be proyided in the unencapsulated orf-unsealed condition; and

d) Installation and operating instructions for each sample.
The number of samples submitted'may be modified if related designs are submitted together
18 Instrumentation

18.1 Test voltages

18.1.1 The productis to be tested at the electrical mfinge epnr‘ifipd hy the manufacturer axcept the test
values are not to exceed the limitations specified in Table 40.1 and Table 40.2. See 42.1(k).

18.2 Temperature measurements

18.2.1 Temperatures are to be measured by means of thermocouples consisting of wires not larger than
24 AWG (0.21 mm?).

18.2.2 Thermocouples consisting of 30 AWG (0.06 mm?) iron and constantan wires and a potentiometer-
type indicating instrument are to be used whenever referee temperature measurements by thermocouples
are necessary.

18.2.3 The temperature rise of a coil winding is to be measured by the rise-in-resistance method, and
application of the formula:
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in which:

R
At =—(k+ 1)~ (k+ 1)

At is the temperature rise in degrees C,

R is the resistance of the coil at the end of the test,

r is the resistance of the coil (coil at t;) at the beginning of the test,

k is 234.5 for copper or 225.0 for electrical-conductor grade aluminum,
t, is thp room temperature in degrees C at the beginning of the test, and
t, is thp room temperature in degrees C at the end of the test.
18.2.4 The ¢oil winding is to be at room temperature at the start of the test.
19 Operatign Test
19.1 General
19.1.1 A product intended for use in direct-wire central station systems shall open

protective cirg
Exception: An

19.1.2 If thg
position in ord

19.1.3 Aprg

uit when operated as intended.

open-circuit device need not comply with this requirement. See 9.1.

er to function as intended, it is.to’be tested in that position.

duct shall perform its intended function when installed in accordance with 19.1

and cross the

manufacturer's installation instructions specify that a product is to be mounted in a definite

.4 and 19.1.5.

19.1.4 A pfoduct is to be mounted as intended and its terminals connected to circ

equipment as|

19.1.5 A product under test is to be connected to circuits of rated voltage, current, and f

18.1.1)and o

indicated by the installation wiring diagram and operating instructions.

perated\as intended.

19.2 Magnetically actuated switches

19.2.1

lits of related

requency (see

Magnetically actuated switches intended for installation on magnetic materials shall operate as

intended with a gap of 1/8 inch (3.2 mm) or more between the magnet and the switch housings when both
housings are mounted on a 1/4 inch (6.4 mm) thick mild steel plate or as intended in service (such as

mounting rest

ricted to nonferrous mounting surface).

19.2.2 As the maximum acceptable gap of separation is based upon the parameters of field installation,
the gap of separation of unmounted samples of each magnetically actuated switch construction is to be
measured on nonmagnetic material for informational purposes. The gap of separation is the distance
between the magnet and switch housings at the point where the magnet releases the switch mechanism.
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19.3 Special security products

19.3.1

electrically and supervised against removal of the product or defeat of the protection.

Products that are intended to be mounted on the exterior of a safe or vault shall be protected

19.3.2 Products that are intended to be located where they will be exposed to tampering from outside the
protected area shall be protected against removal of the product or defeat of the alarm protection.

19.4 Heat and smoke detectors for vault protection

19.4.1

equal to or exceeding 8 by 12 inches (203 by 305 mm) is made through the door by use of a

A heat or smoke detector for protection of a vault door shall initiate a signal when an opening

utting torch.

19.5 Retraciable flexible connectors

19.5.1 Retrg
throughout thg
test, the free-h
percent of the

19.5.2 Inad
connector has|

ctable flexible connectors constructed by coiling of the conductor-shall reta
test program conducted on the products on which they are included. Before &
anging length of the connector is to be measured. The change,inl length shall

free-hanging length in the as-received condition.

lition, the change in length shall not exceed 50 percent of the free-hanging le
been subjected to five full-length stretches and then allowed to recover for 24

19.6 Floor mats

19.6.1 Floor
(222 N) or les
This test is to
10-inch face o

19.7 Floor ti

19.7.1 Afloo

19.7.2-19.7.7.

19.7.2 Aflog
conductor will

mats or other foot-actuated products shall operate as intended when a force
5 is applied through a 4- by 10-inch(#02- by 254-mm) wood block, 1 inch (24
be conducted both with and witheut the product covered with carpeting, and
f the wood block lying on the product or carpeting.

aps

r trap is to be subjected to any tests necessary to verify compliance with the rg

4

r trap shallconsist of a cord or conductor arranged so that cutting or walking ir
result in~ah alarm condition in the same manner as operating a switch.

19.7.3 Thec

n their shape
nd after each
not exceed 50

ngth after the
hours.

of 50 pounds

.4 mm) thick.

with the 4- by

quirements in

to the cord or

prd-or conductor shall be flexible and of a dark color for low visibility.

19.7.4 A strain relief provided for a cord or conductor shall prevent tension from being transferred to the

electrical conn

ections.

19.7.5 The cord or conductor shall be automatically held taut at any length in which it may be installed in
its intended application, including its maximum and minimum length.

19.7.6 The mechanism holding the cord or conductor taut shall not cause the floor trap to release.

19.7.7 When tripped, the floor trap shall release without breaking the cord, conductor, or the mechanism.
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19.8 Supplementary devices

19.8.1

affecting the intended operation of the product to which it is connected.

20 Vibration Detector Sensitivity Test

20.1
specifications

A supplementary device such as a status indicator shall perform its intended operation without

A vibration detector shall protect an object or area in accordance with the manufacturer's

20.2 Tests are to be conducted as required to determine the maximum and minimum dimensions of the

object or area

20.3 The se
stone, concre
provided with
not to be tests

20.4 Mome
detection circ

21 Vibratio
21.1 A vibrs

accordance W
vibration, or o

22 Adhesives Test

22.1 Follow
secured to a
specified in 2]

22.2 Securi
position, on g

223 The s
position or thg

with which the detector will operate as intended

nsitivity of a vibration detector is to be tested while the detector is mounted g
le block, and any other materials specified by the manufacturer. If the installati
the detector specifically exclude use of the detector on a particular.material,
d on that material.

htary operation of the vibration detector shall cause p@sitive, latching op
it to which it is connected.

h Detector Stability Test

tion detector shall be sufficiently stable socthat after it has been installed a
ith its installation instructions its intended\operation will not be impaired by
ther disturbances likely to be encountered during intended use.

mounting surface by an‘adhesive shall remain firmly attached when subjecte
p.4 —22.9.

y of the adhesive bond is to be evaluated while the product is mounted,
ass or other.representative material.

bcurity\of/the adhesive bond is considered to be impaired if either the prg
bondis broken, when the product is struck lightly with a finger. The security g

n wood, steel,
bn instructions
the detector is

eration of the

nd adjusted in
hoise, building

ing installation in accordance with the installation instructions, products iptended to be

1 to conditions

n its intended

duct changes
f the adhesive

bond is to be

inspected immediately after being subjected to the test conditions in 22.4 — 2

2.9 and again

after return to

intended conditions.

22.4 The security of the adhesive bond shall not be impaired after exposure for 720 hours (30 days) to a
room temperature of 20 — 25°C (68 — 77°F).

22.5 The security of the adhesive bond shall not be impaired by soaking for 24 hours in water at 20 —
25°C (68 — 77°F). Prior to inspection, the sample is to be removed from the water, mounted as intended,
and allowed to dry.

22.6 The security of the adhesive bond shall not be impaired by exposure for 24 hours to air at a
temperature of 66°C (151°F).

22.7 The security of the adhesive bond shall not be impaired by exposure for 24 hours to air at a
temperature of minus 35°C (minus 30°F).
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22.8 The security of the adhesive bond shall not be impaired by exposure for 24 hours to air at a
temperature of 30 £2°C (86 +3°F) and 100 percent relative humidity.

22.9 The security of the adhesive bond shall not be impaired by the application of window cleaning
liquids to the product and surrounding surface. The mounting surface is to be set in a vertical position and
the cleaning liquid applied to completely saturate the product and surrounding surface. The cleaning liquid
is not to be wiped away, and three additional applications are to be made at 5-minute intervals. The
following window cleaning liquids are to be used:

a) Commercial foaming-type spray without ammonium hydroxide (NH,OH).

b) Solut|on of ammon|a water consisting of one part ammonium hydroxide (NH,OH), 30 +3 percent
solutio

23 Test for Heat and Smoke Detectors for Vault Protection
23.1 Test enclosure

23.1.1 A detpctor is to be tested in an enclosure measuring 4 feet (1.2 m))long by 4 feet wide by 8 feet
(2.4 m) high, with a 4-inch (102-mm) diameter vent in the center of the top,surface.

23.1.2 A 2- Ry 2-foot (0.6- by 0.6-m) mild steel plate, 1-1/2 inches\(38 mm) thick is to be mpunted on the
vertical center]ine of one side of the enclosure and at the bottom.edge of that side.

23.1.3 The hieat or smoke detector is to be mounted on the inside of the top surface of the ¢nclosure with
its center 6 indhes (152 mm) from the side with the steel‘plate.

23.2 Test

23.2.1 The heat or smoke detector shallrindicate an alarm condition before an 8- by 124{inch (203- by
305-mm) operjing has been cut in the center of the steel plate with an oxy-fuel gas cutting torgh.

24 Vibration Test

241 A prodiict shall withstand vibration without breakage or damage to parts. Following|the vibration,
the product shgll operate-forits intended signaling operation.

24 2 The prqductis-to be secured in its intended mounting position ona mounting board gnd the board,
01 inch (0.25
y : ghtil a resonant
frequency is obtained. The samples are to then be vibrated at the maximum resonant frequency for 1/4
hour. If no resonant frequency is obtained, the samples are to be vibrated at a frequency of 35 hertz for a
period of 4 hours.

24.3 For these tests, amplitude is defined as the maximum displacement of sinusoidal motion from a
position of rest or one-half of the total table displacement. Resonance is defined as the maximum
magnification of the applied vibration.

25 Temperature Test

25.1 The temperature rise on any materials used on a product shall not exceed 25°C (45°F) after the
product has been connected to a supply circuit of rated voltage and current (see 18.1.1) and operated
continuously under representative service conditions until constant temperatures are attained.
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Exception: A temperature rise may be greater than 25°C for materials with properties determined to be
acceptable for use at higher temperatures.

25.2 The maximum temperature rise on a contact or equivalent movable connection, carrying the
maximum current to which the product will be subjected in service (see 18.1.1), shall not be greater than
30°C (54°F) based on an ambient temperature of 25°C (77°F).

25.3 The temperature rise of 25°C (45°F) is based on an assumed ambient temperature of 25 +15°C (77
1+27°F), and tests are to be conducted at an ambient temperature within that range.

25.4 The testis to be continued until:

d

=

a) Corjstant temperatures are attained during the supervisory (nonalarm) condition-a

b) Ong hour has elapsed during the alarm signaling condition.

25.5 A temperature is considered to be constant when three successive readings taken at|intervals of 10
percent of thg previously elapsed duration of the test, but at not less than_5-minute intervdls, indicate no
change.

26 Corrosion Tests —Indoor Use
26.1 General

26.1.1 A prgduct intended for indoor use shall operate-irVits intended manner and shall comply with the
requirements|in 25.2 and 26.2.1 following the corrosive atmosphere tests described in 26.3.1 — 26.4.2.
Products intehded to be exposed to weather shallbe subjected to the corrosion tests dgscribed in the
Corrosion Tedts — Outdoor Use, Section 48.

26.1.2 The gamples are to be in the supervisory (nonalarm) condition during these tests.
26.1.3 Two (lifferent samples are to be used for each test exposure.
26.2 Millivolt drop test

26.2.1 The millivolt drop across a contact or equivalent movable connection shall not be grgater than 300
millivolts with the maximum current of the circuit flowing through the connection. See 18.1.1.

26.3 Hydrogenysulfide (H,S) test

26.3.1 The test samples are to be supported as intended in service in a closed chamber having openings
for gas inlet and outlet, for a test period of 240 hours (10 days).

26.3.2 Hydrogen sulfide is to be supplied to the test chamber from a commercial cylinder containing this
gas under pressure. An amount of hydrogen sulfide equivalent to 0.1 percent of the volume of the test
chamber is to be introduced into the chamber each working day. A small amount of water is to be
maintained at the bottom of the chamber.

26.4 Sulfur dioxide-carbon dioxide (SO,-CO,) test

26.4.1 The test samples are to be supported as intended in service in a closed chamber having openings
for gas inlet and outlet, for a test period of 240 hours (10 days).
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26.4.2 Sulfur dioxide and carbon dioxide are to be supplied to the test chamber from commercial
cylinders containing these gases under pressure. An amount of sulfur dioxide equivalent to 0.5 percent of
the volume of the test chamber, and carbon dioxide equal to 1.0 percent of the volume of the test chamber
are to be introduced into the chamber each working day. A small amount of water is to be maintained at

the bottom of the chamber.

27 Electromagnetic Interference Test

27.1

A product that utilizes radio frequencies or active electronic circuits shall not be subject to false

alarms nor shall intended operation be impaired when subjected to extraneous transients generated by the
devices and appliances described in 27.2.

27.2 To detgrmine compliance with the requirements in 27.1, a sample unit is to be engrgized from a
source of rated voltage and frequency and subjected to transients generated from the follpwing devices
located 1 foofl (305 mm) from the product, interconnecting wires, or both. CAUTION:" Potentially lethal
voltages are injvolved. Adequate precautions are to be taken to avoid risk of electric 'shock.
a) Sequiential arc (Jacob's Ladder) generated for 2 minutes between two 15 inch (381 mm) long, 14
AWG (2.1 mm?) solid copper conductors attached rigidly in a “vertical position fo the output
termingls of an oil burner ignition transformer or gas tube transformer rated 120 \jolts, 60 hertz
primary; 10,000 volts, 20 to 25 milliamperes secondary powered from the same bran¢h circuit. The

two wifes are to be formed in a taper starting with a 1/8-inch (3.2 mm) separation

at the bottom

(adjacgnt to terminals) and extending to 1-1/4 inches (31.8“mm) at the top.
b) Ten| 2-second duration cycles at a rate of 6, cycles per minute of energizgtion and de-
energizgation of an electric drill using a universalmotor rated 120 volts, 20 — 60|hertz, 2 to 3

ampergs, from the same branch circuit.

c) Ten R-second duration cycles at a rate~of 6 cycles per minute of energization of @ transformer-
type sdldering gun rated 120 volts, 60 hertz, 2 to 3 amperes, from the same branch cifcuit.

28 Overload Test

28.1 A prodyct shall operate astintended after being subjected to 50 cycles of operation at a rate of not

more than 50
percent rated

29 Enduran

cycles per minute\while connected to a rated source of supply (see 18.1.1)
oad. There shallnot be electrical or mechanical malfunction.

Ce Test

i

carrying 150

29.1 A prod

Lict ‘shall operate as intended after being subjected to the number of cycles

of operation

indicated in (a

=) T ere strattmot beetectricatormechanicat matfurction:

a) Switches, flexible connectors, floor mats, vibration detectors, and similar products that would be
exposed to public traffic are to be operated for 100,000 cycles of operation.

b) Tamper switches, shunt switches, and manually operated shunt mechanisms of devices that
combine contact and shunting features, and devices intended to be used only when the alarm

system

is turned on and off, are to be subjected to 6,000 cycles of operation.

¢) A product intended for household use only is to be subjected to 20,000 cycles of operation.

d) The mechanism for disconnection in disconnecting connectors is to be subjected to 2,000 cycles

of operation.

29.2 Maximum rated load is to be used during these tests (see 18.1.1), and the product may be cycled at
any rate up to 50 cycles per minute.
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29.3 Floor mats and other foot-operated products are to be tested by applying a 50 pound-force (222 N)
through a 4- by 10-inch (102- by 254-mm) wood block, 1 inch (25.4 mm) thick. The 4- by 10-inch surface of
the block is to contact the product.

30 Rough-Usage Test

30.1 Products intended to be floor-mounted in a location where only pedestrian traffic is expected shall
operate as intended after being subjected to the running of a two-wheel hand truck, with solid rubber tires
and loaded to 200 pounds (90.7 kg), including the weight of the hand-truck, over the product 1,200 times.

30.2 Products intended to be floor-mounted in a location where they will be subjected to motorized traffic
are to be subjected to a 20,000-pound (89-kN) compressive force for 1 minute.

30.3 The pr
inch (152-mmj

the product under test.

30.4 The force is to be applied at a steady rate from zero to 20,000 pounds.(89 kN) in 10

maintained fo

31 Immersi

31.1  Follow
solution of 20
days). Resist
metal parts, 4
not be less th

Exception: TH
32 ImpactT

32.1 A prod
not be affecte

32.2 A prod
not be affecte

pduct is to be mounted on a solid steel base and the compressive force @pplie
) diameter steel plate with a 1-inch (25.4-mm) thick solid rubber pad betweer

I 1 minute, and released back to zero at a steady rate in 10¢0™15 seconds.
pn Test

ing the Rough-Usage Test, Section 30, the, product is to be submerged i
percent by weight of common salt [sodium chloride (NaCl)] in distilled water, fq
Ance measurements made between normally open circuits, between all cirg
nd between all circuits and a metal mounting surface before and after the su
hn 1.5 megohms.

est

uct intended to be~mounted on the floor shall either fail-safe, or its intended
d, after being subjected to a 5-foot-pound (6.78 J) impact.

Lict intended-for other than floor mounting shall either fail-safe, or its intended
d, after being subjected to one 3-foot-pound (4.08 J) impact.

d through a 6-
the plate and

0 15 seconds,

n a salt-water
r 168 hours (7
uits and dead
bmersion shall

s requirement is not applicable to floor mats or other products intended for holisehold use.

bperation shall

bperation shall

32.3 As uss

d\in these requirements, fail-safe is the condition wherein the product is cau

sed to go into

permanent alarm.

32.4 The impact is to be applied to the device by means of a 1.18-pound (0.54-kg), 2-inch (50.8-mm)
diameter steel sphere, dropped from the appropriate height required to apply the energy as indicated in
32.5. The device is to be mounted on a concrete floor.

32.5 To obtain 5 foot-pounds (6.78 J) of energy, the vertical distance dropped is to be 51 inches (1.3 m).
To obtain 3 foot-pounds (4.08 J) of energy, the vertical distance dropped is to be 30.5 inches (0.77 m).

33 Variable Ambient Test

33.1 A product for indoor use shall operate as intended at rated voltage and current after being subjected
to ambient air temperatures of 0°C (32°F) and 49°C (120°F) for 4 hours.
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34 Humidity Test

34.1 A product shall operate as intended during and after exposure for 24 hours to air having a relative
humidity of 85 +5 percent and a temperature of 30 +2°C (86 +4°F).

35 Dielectric Voltage-Withstand Test

35.1

A product shall withstand for 1 minute, without breakdown, the application of an essentially

sinusoidal AC potential of a frequency within the range of 40 — 70 hertz, or a DC potential between live
parts and the enclosure, live parts and exposed dead metal parts, and live parts of circuits operating at
different potentials or frequencies. The test potential is to be:

a) 500 volts, for a product rated 30 volts AC rms (42.4 volts DC or AC peak) or less
DC potential is used).

b) 100
used).

c) 100
volts pl

35.2 For the

frequencies, the voltage is to be the applicable value specified in"35.1 (a), (b), or (c), based

voltage of the
the circuits are

35.3 Expos
accessible fro

354 The te
maintain the 3
zero, the pote
value is reach

36 Electronic ComponentMalfunction Test

36.1 Malfund
impair the inte
a test feature

Ld

volts, for a product rated between 31 and 250 volts AC rms (1414 valts; if a [

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

application of a potential between live parts of cir¢uits operating at differen

Circuits under test instead of the rated voltage of'the product. Electrical connec
to be disconnected before the test potential.is applied.

dead metal parts referred to in .385.1 are noncurrent-carrying metal g
outside the enclosure of a product-during intended operation.

pecified voltage. The outpui)voltage of the test apparatus is to be monitorg
htial is to be increased at a rate of approximately 200 volts per minute until the
pd and is to be held at that value for 1 minute.

tion of an.electronic component, such as opening or shorting of a capacitor, §
nded operation or shall be indicated by an alarm signal, or the product shall be
that can be operated when the product is set for duty and that will indicate t

critical componpent.

707 volts, if a

C potential is

\C rms (1414

potentials or
bn the highest
lions between

arts that are

5t potential may be obtained from any convenient source having sufficient capacity to

d. Starting at
required test

ither shall not
provided with
he failure of a

36.2 As used in this requirement, a critical component is one whose failure will impair the intended

operation of th

e product or will create a risk of fire or electric shock.

37 Strain Relief Pull Test

371
wire.

The strain relief provided for wire leads shall withstand a force of 10 pounds (44.5 N) applied to the

37.2 The force is to be applied from any angle possible with the device mounted in its intended manner.
Not less than three samples are to be tested, and the minimum average time of holding is to be 15
seconds. One sample may hold for less than 15 seconds, but not less than 5 seconds. The results of the
test are not acceptable if the insulation or covering on the wire is cut or torn, if the bushing slides through
the hole in the enclosure, or if the connector slides through the bushing.
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38 Tests on Polymeric Materials

38.1 General

38.1.1 Polymeric materials intended for the sole support of current-carrying parts or as an enclosure of a
product shall comply with the requirements in 38.2.1 — 38.3.1. If possible, a complete product is to be
subjected to the test.

Exception: Materials classified as V-1 or less flammable in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94, need not comply with the
requirements in 38.3.1 but shall comply with the requirements in 38.2.1 and 38.2.2.

38.2 Temperature test

38.2.1 There shall not be warping or exposure of uninsulated current-carrying parts s
intended operation of the product after representative samples of a polymeric material have
7 hours in a grculating-air oven. The oven is to be maintained at a temperature_not less thg
maximum operating temperature of the product measured under all condition

visually examjned for compliance with the requirements in 38.2. 1«
38.3 Flameftest

38.3.1 Polymeric materials shall comply with the applicable parts of the Standard for Polyr
— Use in Elecfrical Equipment Evaluations, UL 746€.

39 Special Terminal Assemblies Tests
39.1

General

39.1.1  For |determination of“its acceptability as a field wiring connection under 7.3

b as to impair
been aged for
n 10°C (18°F)
s, but not less

cool, and then

heric Materials

.1 and 7.2.2,

representative samples of the terminal assembly shall comply with the requirements in 39.2.

Exception: T4
required to bg

rminals,.cemplying with the requirements in any of the standards specified if
subjected to these tests.

1 —39.6.2.

7.1.2 are not

39.2 Disconnection and reconnection

39.2.1 If a wire is to be disconnected for testing or routine servicing and then reconnected,

each terminal

shall be subjected to 20 disconnections and 20 reconnections prior to the tests in 39.3.1 — 39.6.2.

39.3 Mechanical secureness

39.3.1 A terminal connection shall not separate from the wire during a 60-second application of a
constant pull of 5 pounds-force (22.2 N), applied for 1 minute to the wire in the direction that would most
likely result in separation.

39.3.2 Six terminal assemblies using the maximum wire size and six assemblies using the minimum wire
size are to be subjected to this tests. If a special tool is required to assemble the connection it is to be
used, in accordance with the manufacturer's instructions. Each sample is to be subjected to a gradually
increasing pull on the wire until the test pull of 5 pounds-force (22.2 N) is reached.
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39.4 Flexing test

39.4.1 The wire attached to a terminal shall not break after being subjected to five right-angle bends as
described in 39.4.2.

39.4.2 Six terminal assemblies using the maximum wire size and six assemblies using the minimum wire
size are to be subjected to this test. The terminal is to be secured to prevent movement. A 3-pound
(13.3 N) tensile force is to be applied to the wire and maintained for 1 minute at a point 3 inches (76.2 mm)
from the terminal-to-wire juncture, and the wire is to be bent at a right angle from the nominal wire position.

39.5 Millivolt drop test

39.5.1  The millivolt drop across a terminal connection tested as described in 39.5.2 shalkpot be greater
than 300 millivolts with rated voltage applied to the circuit and the manufacturer's maxinhum specified
current of the ¢ircuit flowing through the terminal connection. See 18.1.1.

39.5.2 Six tgrminal assemblies using the maximum wire sizes and six assemblies using[the minimum
wire sizes are[to be connected in series for this test. The millivolt drop is to‘then be measurgd with a high
impedance millivoltmeter.

39.6 Temperature test

39.6.1 The maximum temperature rise on a terminal connection using either the maximum or 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).

39.6.2 Six tegfminal assemblies using the maximul wire size and six using the minimum wlire size are to
be subjected fo this test. The wire is to be assembled to the terminals using any special topl, if required,
according to the manufacturer's instructions. The maximum current to which the wire will b¢ subjected in
service is to then be passed through the.terminal connection. See 18.1.1. The maximum temperature rise
then is to be measured by the use of thermocouples after temperatures have stabilized.

40 Power-Limited Circuits
40.1 Generdl

40.1.1 A conftrol unit.shall be classified as a power-limited or nonpower-limited circuit. A gircuit shall be
considered noppower-limited unless otherwise identified in the installation documentation and marking on
the product. T

40.1.2 The power source (or sources) supplying a power-limited circuit shall be either:
a) Inherently limited requiring no overcurrent protection, or

b) Limited by a combination of a power source and overcurrent protection devices

such that a power-limited circuit has electrical characteristics described in Table 40.1 for AC circuits or
Table 40.2 for DC circuits.

40.1.3 With regard to 40.1.2, means for current limiting include:
a) Transformer winding impedance;

b) A thermal link embedded within the winding overwrap of a transformer;


https://ulnorm.com/api/?name=UL 634 2020.pdf

APRIL 16, 2020 UL 634 31

c) Circuit components (resistors, regulators, transistors, and the like) that comply with the
Temperature Test, Section 25, under I, condition; and

d) Current limiting impedances determined to be suitable for the application (positive temperature
coefficient varistor or the like).

Circuit component burnout, permanent (by soldered means or the like) or replaceable fuses, opening of
conductors on printed wiring boards, or opening of internal wiring conductors shall not be used as a means
of current limiting.

40.1.4 The overcurrent protection device specified in 40.1.2 shall be of the noninterchangeable type
such that it cannot be renewed in the field with an overcurrent device having a higher current rating.

40.1.5 If thg product contains a float battery charger, the V., Imax, @and VAo« shall'be“measured with
both the AC [power source and the battery connected to the product. If the circuit-contpins a battery
transfer relay|or a trickle charge battery circuit, the V 5y, Imax, @nd VAo« are to bexmeasurgd first with the
product energized only from the AC power source and then measured a second time with the product
energized solely from the battery. The battery used during these measurements shall hgve the largest
capacity spedfied in the manufacturer's installation document and shall be-\fully charged.

40.1.6  Whep measuring the |, and VA,,,, all overcurrent protection devices of the contrpl unit shall be
short-circuiteq. However, current limiting devices shall not be bypassed and shall remain fungctional.

Table 40.1
FAower source limitations for alternating:current Class 2 and Class 3 circuits
Power source maximum Power Maximum
Circuit nameplate ratings Current limitations overcurrent
voltage V., ? VA (volt- Current limitations (VA)max € protection
(volts) amps) (amps) Imax ° (@mps) | (volt-amps) (amps)
Inherently limite¢l power
source (overcurient protection
not required)
Class 2 0\to/20 5.0 %X Vinax 5.0 8.0 - -
Over 20 to 30 100 100/V ax 8.0 - -
Over 30to 150 | 0.005 x V4« 0.005 0.005 - -
Class 3 Over 30 to 100 100 100/V max 150/V max - -
Not inherently limited power
source (overcur'/l:ant protection
required)
Class 2 0to 20 5.0 X Vinax 5.0 1000/V ax 2504 5.0
Class 3 Over 20 to 30 100 100/V max 1000/V ax 250 100/V max
Over 30 to 100 100 100/V ax 1000/V ax 250 100/Vnax
Over 100 to 100 100/V ax 1.0 N.A. 1.0
150
NOTES

1 Adapted from the National Electrical Code (NFPA 70), 1996 Edition, copyright National Fire Protection Association, Batterymarch
Park, Quincy, MA 02269.

2 For nonsinusoidal AC, V., shall not be greater than 42.4 volts peak. Where wet contact (immersion not included) is likely to
occur, Class 3 wiring methods shall be used, or V5 shall not be greater than 15 volts for sinusoidal AC and 21.2 volts peak for
nonsinusoidal AC.

& Vmax: Maximum output voltage regardless of load with rated input applied.

Table 40.1 Continued on Next Page
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Table 40.1 Continued

Power source maximum Power Maximum
Circuit nameplate ratings Current limitations overcurrent
voltage V., ? VA (volt- Current limitations (VA)max © protection
(volts) amps) (amps) Imax ° (amps) | (volt-amps) (amps)

b Imax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection bypassed, if
used. When a transformer limits the output current, |I,,,., limits apply after 1 minute of operation. Where a current limiting impedance
is used in combination with a nonpower-limited transformer or a stored energy source, such as a storage battery, in order to limit the
output current, |, limits apply after 5 seconds.

¢ (VA)max: Maximum volt-ampere output after 1 minute of operation regardless of load, and with overcurrent protection bypassed, if
used.

9 If the power source is a transformer, (VA)max is 350 volt-amperes or less where V. is 15 volts or less.

Table 40.2
Power source limitations for direct current Class 2 and Class 3 circuits
Power source maximum P Maxi
nameplate ratings | rower aximum
Current limitations overcurrent
Circuit voltage Current limijations 1 (VA)max € (volt- protection
Vmax 2 (volts) | VA (volt-amps) (amps) (amps)max amps) (amps)
Inherently limited power
source (overcurrgnt
protection not required)
Claks 2 0to 20 5.0 x Viax 5.0 8.0 - -
Over 20 to 30 100 100N ax 8.0 - -
Over 30 to 60 100 100/V nax 150/V nax - -
Over60to 150 | 0.005 x Va4 0.005 0.005 - -
Claks 3 Over 60 to 100 100 100/V ax 150/V ax - -
Not inherently linjited
power source
(overcurrent protgction
required)
Clapgs 2 0to 20 5.0 X Vnax 5.0 1000/V ax 250¢ 5.0
Class 3 Over 201060 100 100/V nax 1000/V ax 250 100/V max
Over 60 to 100 100 100/V ax 1000/V ax 250 100/V nax
Over 100 to 100 100/V max 1.0 N.A. 1.0
150
NOTES
1 Adapted from the National Electrical Code (NFPA 70), 1996 Edition, copyright National Fire Protection Associatiop, Batterymarch
Park, Quincy, MA-92269-

2 A dry cell battery shall be considered an inherently limited power source, provided the voltage is 30 volts or less and the capacity
is equal to or less than that available from series connected No. 6 carbon zinc cells.

3 For DC interrupted at a rate of 10 to 200 hertz, V. shall not be greater than 24.8 volts. Where wet contact (immersion not
included) is likely to occur, Class 3 wiring methods shall be used, or V5, shall not be greater than 30 volts for continuous DC and
12.4 volts for DC that is interrupted at a rate of 10 to 200 hertz.

@ Vmax: Maximum output voltage regardless of load with rated input applied.

® I max: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection bypassed, if
used. When a transformer limits the output current, I, limits apply after 1 minute of operation. Where a current limiting impedance
is used in combination with a nonpower-limited transformer or a stored energy source, such as a storage battery, in order to limit the
output current, |, limits apply after 5 seconds.

¢ (VA)max: Maximum volt-ampere output after 1 minute of operation regardless of load, and with overcurrent protection bypassed, if
used.

9 If the power source is a transformer, (VA)ax is 350 volt-amperes or less where V,, is 15 volts or less.



https://ulnorm.com/api/?name=UL 634 2020.pdf

APRIL 16, 2020 UL 634 33

40.2 Maximum voltage

40.2.1  With the circuit energized only from its rated primary power source, the output voltage of the
circuit under test is to be measured while the circuit is connected to full rated load and under open circuit
conditions. The maximum voltage under these two conditions shall be considered V.. If the product
incorporates a secondary source of supply, the test is to be repeated with the primary power source
disconnected and with the circuit energized solely from the secondary power source. The V., value
obtained from each power source shall be considered separately when applying the requirements in Table

40.1 or Table 40.2.

40.3 Maximum current

40.3.1 In order to determine compliance with the I, limitation, a variable load reg
connected acfoss the circuit. While monitoring the current through the load resistor, the loa
be adjusted from open circuit to short circuit as quickly as possible and the highest clrrent n
resistor is theh to be readjusted to produce the highest current obtained and the, current th
resistor is to e measured after 1 minute or after 5 seconds as determined by Table 40.1 or 1

istor shall be
d resistor is to
pted. The load
rough the load
[able 40.2.

40.3.2
current limiting devices (opening of thermal link, power supply foldback, PTC varistor effect
the circuit load resistor is to be adjusted to a value that will producé a current just above
indicated in T:
Table 40.2 ca

hnot be maintained for more than 5 seconds.

40.3.3 If a pransformer limits the value of |, and.if\#.x cannot be maintained for 1

transformer b
1 minute. The
I max limitationg

404 VA,

40.4.1 The

open-circuiteq
across the cin
resistance of

urnout, a plot of current versus time is™o be generated and the graph &
results are in compliance if the extrapolated value of | at I, minute does 1
as indicated in Table 40.1 or Table40.2.

Not inherently limited circuits only)

Circuit is to be energized from a rated source of supply and then the circuit und
. A variable load resistor, initially set to draw rated circuit current, is then to
cuit. The circuit.voltage and current are to be recorded and the load is to be

the voltage a

he load is then\te be decreased, momentarily reconnected across the circuit \
d current,.and then removed. This procedure is to be repeated until the load

been reduced to a sherticircuit. Using the recorded voltage and current, the maximum volt-
output under pach.Joad condition is to be calculated. The load resistor is then to be adjuste]
which produged.the maximum volt-ampere, VA.,; calculated; and then connected to th

If th¢ maximum current through the load resistor cannot be maintained for 5 s¢conds due to

, and the like),
the . value

ble 40.1 or Table 40.2. The results are in compliange-if the |, value stated in Table 40.1 or

minute due to
xtrapolated to
ot exceed the

er test is to be
be connected
removed. The
vhile recording
resistance has
hmpere, VAnax
d to that value
e circuit. After

1 minute, the|veltage and current are again to be measured. The results of this test are

in compliance

when the calculated volt-ampere, VA, output of the circuit does not exceed the values specified in Table
40.1 or Table 40.2, as appropriate, after 1 minute.

SHORT RANGE RADIO FREQUENCY (RF) DEVICES

41 General

41.1 Connector and switch units that provide signaling by means of low power radio frequency (RF) in
accordance with the Code of Federal Regulations (CFR) 47, Part 15, shall comply with Sections 1 — 39 of
this standard, with Sections 44 — 48 if intended for outdoor use, and with Sections 49 — 56 if intended for
use with high security switches. In addition, they shall comply with the short range radio frequency (RF)
devices requirements in whichever of the following standard(s) are applicable to the intended use of the
product.
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a) The Standard for Police Station Connected Burglar Alarm Units and Systems, UL 365.

b) The Standard for Local Burglar Alarm Units and Systems, UL 609.

¢) The Standard for Household Burglar-Alarm System Units, UL 1023.

d) The Standard for Proprietary Burglar Alarm Units and Systems, UL 1076.

e) The Standard for Central-Station Burglar-Alarm Units, UL 1610.

f) The Standard for Digital Alarm Communicator System Units, UL 1635.

MARKING INSTRUCTIONS

42 General

42.1 A prodd
information in
separate insta|

a) Man

b) Mog
packag

c) Wiri
mounti
the ins

d) Corm

e) Info
necessg

f) Speg

g) Indi
produc

h) Reg
magne

ufacturer's or private labeler's name or identifying symbol.(To be on the produc

ct shall be plainly and permanently marked where it will be visible-after instal
a) — (m). Unless specified to be on the product, the marking or instructions n
lation instructions provided with the product.

el number or equivalent. To be on the product-or/the carton in which t
ed.

ng and general mounting instructions, unless intended wiring connections a
ng are plainly evident. Markings at the installation wiring terminals shall be co
allation instructions, if the installation instructions are provided on separate drg

Ect mounting position if the product-is’intended to be mounted in a specific pos

rmation for the intended operation of any manually operated part if such
ary.

ial considerations, if applicable, such as size of field wiring to be connected to

cation of special 'use such as with products investigated for outdoor use.
.

trictions~such as household use of floor mats or nonmagnetic mounting
lically-actuated switches if testing has disclosed the need for such restrictions.

ation with the
ay appear on
a
he product is
nd method of

prdinated with
wings.

tion.

nformation is

he product.

To be on the

surfaces for

i) Gap

ofseparation (see 19.2.2) for magnetically actuated switches if the gap

of separation

exceeds 1 inch (25.4 mm).

j) The date of manufacture by week, month, or quarter and year, that may be abbreviated or in an
established or otherwise acceptable code. To be on the product. The date marking shall be such
that it does not repeat itself in less than 20 years.

k) Electrical ratings in volts, along with amperes, watts, or volt-amperes. To be on the product, on
the carton in which the product is packaged, or in the installation instructions.

I) A Class 2, Class 3, or power-limited fire protection supply circuit shall be marked where plainly
visible after installation to indicate the class of supply and its electrical rating.

m) For units using non-rechargeable batteries, the manufacturer's name and model number shall
be clearly marked on the unit near the battery compartment or in the installation and/or operating
instructions.
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Exception: The markings specified in (c), (d), (e), (f), (h), (i), (k), and (m), may be on a separate installation
diagram or in the installation and/or operating instructions, if so referenced on the product.

42.1.1 All required markings are permitted to be marked on the inside of the unit or on the units mounting
surface if the marking is visible when the product is opened for servicing or removed from the mounting
surface.

42.2 A product whose performance depends upon its proper location or position shall be marked, such
as "TOP" and "BOTTOM," or instructions shall be provided to indicate the way in which it is to be installed

or used.

42.3 Markin

gs affixed to a product shall be durable and resist the effects of handling, cleaning agents,

and the like, 3

424 Ifawa
for a signal w
(2.4 mm) for t

425
than one fact
particular fact

43 Marking
43.1 A mark
a) Mo
metho

b) Ind
the ap

nticipated in the intended use. See Marking Application, Section 43.

ning notice is marked on a product, the letter height shall not be less than7/64
brd, such as "DANGER," "WARNING," "CAUTION," and the like, and’hot less
ne remainder of the notice.

If a manufacturer produces connectors and switches for use with burglar alarm sy

bry or location, each product shall have a distinctive marking to identify it as th
Dry.

Application

ing that is required to be permanent shall.be:

1 that permanently attaches the marking or

blibly stamped on a pressuredsensitive label that is secured by adhesive and
blicable requirements in the~Standard for Marking and Labeling Systems, UL 9

inch (2.8 mm)
than 3/32 inch

stems at more
e product of a

ded, die-stamped, paint-stenciled,.stamped, etched on metal, or attached by some other

complies with
59.
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OUTDOOR USE EQUIPMENT

ASSEMBLY

44 General

44 1

A product or section of a product intended for installation where it may be exposed to the weather

shall comply with the requirements of the preceding sections of this standard and, in addition, with the

requirements i

n Sections 45 —48.

PERFORMANCE

45 Rain Tes

451 As areg
a) Ope

b) Not

c) Not dlisplay evidence of loosening of the conductors of the protective wiring.

45.2 All eled
cause the entr
under various
exposure is to

45.3 Field W
product. Oper
unless seals g

454 The prd
no accumulati

455 Drying
preparation, th

ult of a 1-hour simulated rain exposure, a product intended to be exposed to w
rate as intended,

Create a risk of electric shock, or

trical components are to be energized and the:unit tested under the conditig
ance of water into or onto electrical components/It may be necessary to opera
modes of operation or to de-energize the product if more water entry could

iring connections are to be madeé in accordance with the wiring method sp
ings intended to terminate conduit are to be sealed. Other openings are not
re provided as a part of the:product.

duct is to be examined to determine that all electrical parts are not wetted an
bn of water within(the enclosures of electrical parts prior to rain exposure. See

pf the produet “prior to the second or subsequent exposure is not required if
e produet complies with the requirement in 45.6.

456 Aftere

ch.exposure, the product shall have an insulation resistance between live p
metal parts ntl_less_thanJ_E_megamnslhe_msmanQn_ces&ance_s_m_b&measunedJ

eather shall:

ns that could
te the product
| result. Each

be for 1 hour; and if more than one exposure is required, the product is to bg prepared for
test as indicat¢d in 45.4 before repeating the test.

bcified for the
to be sealed

d that there is
Also 45.5.

without such

arts and dead

minute after

application of the voltage obtained by using the series-voltmeter method, or equivalent means, and a DC
circuit. After measurement of the insulation resistance, the complete unit is to comply with the

requirements i

n the Dielectric Voltage-Withstand Test, Section 35.

45.7 The rain test apparatus is to consist of three spray heads mounted in a water supply rack as shown
in Figure 45.1. Spray heads are to be constructed in accordance with Figure 45.2. The water pressure for
all tests is to be maintained at 5 psig (34.5 kPa) at each spray head. The product is to be brought into the
focal area of the three spray heads in such position and under such conditions that the greatest quantity of
water will enter the product. The spray is to be directed at an angle of 45 degrees from the vertical toward
the openings closest to live parts.

45.8 There shall not be entrance of water into enclosures above the lowest electrical component other

than insulated

wire, or wetting of live parts.
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Exception: Water may enter an enclosure above the lowest electrical component if the point of entrance is
not in proximity to live parts and live parts are not wetted during the test.
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Figure 45.1

Rain test apparatus

PLAN VIEW
1 A | A |
N -
/ A A \
/L.é» SEE DETAIL OF SPRAY HEADS A
II // ! \\ // l’ \
/ . ’ : \ RANEEY B
,I // : \\ 'l \\
SEE DETAIL ‘A’ WATER PRESSURE GAGE
[/ FOR EacH SPRaY ko PIEZOMETER ASSEMBLY

_L DETAIL A’
c % s
T 3 1| {1
L D E“
\- CONTROL VALVE FOR \Q\ !
EACH SPRAY HEAD \\
X \:
SIDE VIEW \
FOCAL POINT —— &
RT101B
Item inch (mm)
A 28 710
B 55 1400
C 2-1/4 55
D 9 230
E 3 75
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Figure 45.2
Rain test spray head

ASSEMBLY 2

P

BODY

=F

B=1/2

s B C—= 1/2' IAFERED PIFE
\l‘ a THREAD -

ANSI /ASME B1.20.1

)
H (DRILL THRU)
INSERT

y N (MAX.)
45 COUNTERSINK -
S (DEEP) QH’ 3 HOLES T (DRILL THRU)

\KH\X (N R (ORILL TO DEPTH

REQUIRED FOR THROAT)
V (HEX. OR ROUND

= BAR STOCK)
U (DRILL THRU el I I

3 =\SQUARE SECTION SLOTS - W WIDE x G DEEP - SPACE 120°

B0 HELIX — LEADING EDGES TANGENT TO RADIAL HOLES

ltem inch mm ltem inch mm
A 17 /32 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16 14.0 .576 14.63
D 578 14.68 Q 453 11.51

580 14 73 454 11.53
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 0.80
G 06 1.52 T (No. 352 280
H (No.9)° 5.0 U  (No. 40)® 250
J 23/32 18.3 v 5/8 16.0
K 5/32 3.97 w 0.06 1.52
L 1/4 6.35
M 3/32 2.38
3 Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories

© ANSI B94.11M Drill Size
€ Optional — To serve as a wrench grip.

RT100E
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46 Variable Ambient Test — Outdoor Use

46.1 A product intended for outdoor use shall operate as intended at rated voltage and current after
being subjected to ambient air temperatures of 66°C (151°F) and minus 35°C (minus 31°F) for 4 hours.

47 Dust Test

47.1 A product intended to be used outdoors shall operate as intended following an accumulation of dust
on the product.

47.2 A de-energized sample is to be placed in its intended mounting position in an airtight chamber

having an inte

47.3 Approx
and capable o

air or a blower

an air velocity

47.4 Followi

position, and ¢

48 Corrosio
48.1

48.1.1 A pro
requirements

48.1.2 Parts

protected from

48.1.3 Thes

48.1.4 Twoo

48.2 Salt-sp

General

rnal volume of at least 3 cubic feet (0.08 m3)

mately 2 ounces (0.06 kg) of cement dust, maintained at 20 — 50 percentirel
f passing through a 200-mesh screen, is to be circulated for 1 hour by means g
so as to completely envelop the sample in the chamber. The air flow'is to be
of approximately 50 feet per minute (0.25 m/s).

hg the exposure to dust, the product is to be removed carefully, mounted i
nergized from a rated source of supply. See 18.1.1.

N Tests — Outdoor Use

Huct intended to be exposed to weathef shall operate as intended and shall cq
bf 25.2 and 26.2.1 following the tests'Specified in 48.2.1 — 48.4.2.

and sections of the product that are not intended to be exposed to the we
exposure to the corrosive.atmospheres so as to represent intended use.

bmples are to be in_the supervisory (nonalarm) condition during these tests.

ifferent samples o6f the product are to be used for each test exposure (total of s

ay test

ative humidity
f compressed
maintained at

h its intended

mply with the

ather shall be

ix samples).

48.2.1 The pparatus for salt-spray (fog) testing is to consist of a fog chamber having inside dimensions
of 48 by 30 f conditioned
compressed air; a dispersion tower constructed in accordance with the Standard Practice for Operating
Salt Spray (Fog) Apparatus, ASTM B117, for producing a salt fog; sample supports; provision for heating
the chamber; and necessary means of control.

48.2.2 The dispersion tower for producing a salt fog is to be located in the center of the chamber and is
to be supplied with humidified air at a pressure of 17 to 19 psig (117 to 131 kPa) so that the salt solution is
aspirated as a fine mist or fog into the interior of the chamber.

48.2.3 The salt solution is to consist of 20 percent by weight of common salt [sodium chloride (NaCl)]
and distilled water, the pH value of the collected solution being between 6.7 and 7.2, with a specific gravity
of 1.126 to 1.157 at 35°C (95°F). The temperature of the chamber is to be maintained at 35 plus 1, minus
2°C (95 plus 2, minus 3°F) throughout the test.

48.2.4 The test samples are to be suspended vertically in the test chamber for 240 hours (10 days).
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