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INTRODUCTION
1 Scope

1.1 These requirements apply to the construction, performance, and operation of equipment intended to
provide antitheft protection.

1.2 An antitheft alarm is intended to give both audible and visible signals or only an audible signal if theft
of protected property is attempted.

1.3 An antitheft device is intended to protect property by significantly limiting the mobility or portability of
the property.

1.4 Equipnient intended to provide a degree of fire resistance is additionally~eovergd under the
requirementg of the Standard for Tests for Fire Resistance of Record Protection Equipment, YL 72.

1.5 These fequirements also cover Residential Security Containers, performance Levels I,|ll and Il (see
Section 54).

2 General
2.1 Compgnents

2.1.1 Except as indicated in 2.1.2, a component of a product covered by this standard shajl comply with
the requirements for that component. See Appendix\A for a list of standards coveringl components
generally used in the products covered by this standard.

2.1.2 A component is not required to comply-with a specific requirement that:

a) Inyolves a feature or charactéristic not required in the application of the component in the
product covered by this standard; or

b) Is guperseded by a requirement in this standard.

2.1.3 A component shallbe-used in accordance with its rating established for the intended conditions of
use.

2.1.4 Specific camponents are incomplete in construction features or restricted in|performance
capabilities. |Sueh” components are intended for use only under limited conditions, su¢h as certain

temperatur& not-exceedit ue) opcu;f;cd mits—and-shaltbeused-of |=y trderthose opcu;f;u eonditions.

2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

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 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.
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2.4 Terminology
2.41 The term "product" as used in this standard refers to all types of antitheft alarms and devices.
3 Glossary

3.1 For the purpose of this standard the following definitions apply.

3.2 CIRCUITS, ELECTRICAL —

a) High-Voltage (Class 1) — A circuit involving a potential of not more than 600 volts and having

circuit

b) Lov
rms, [4

c) Pov
29.

d) Clg
requir

e) Clg
requir

3.3 CORD-
supply cord. §
system.

3.4 LINE V(
and either 11

3.5 NORMA

characteristics in excess of those of 2 low.valtaae nower.limited circuit
g5 -

-Voltage — A circuit involving a potential of not more than 30 volts alterpating
}2.4 volts peak or direct current (DC)].

er Limited — A circuit whose output is limited as specified in Power=Limited Cir:

ss 2 — A circuit in which the voltage and power limitations are in accorda
bments of Table 29.1 for AC circuits and Table 29.2 for DC(circuits.

ss 3 — A circuit in which the voltage and powen limitations are in accorda
bments of Table 29.1 for AC circuits and Table 29:2 for DC circuits.

buch a unit is intended to be moved for reasons of interchange or realignment of

b, 208, or 230 volts.

L STANDBY CONDITION- The ready-to-operate condition of the product existi

CONNECTED UNIT — A unit intended far.gonnection to the power source by

DLTAGE — The voltage at any field connected source of supply, nominally 50 — @

current (AC)

tuits, Section

hce with the

hce with the

means of a
the units of a

0 hertz (Hz),

ng prior to its

being tripped [or operated by theft.attempt.

3.6 PERMANENT SECURITY CONTAINER — A security container that weighs more than 760 pounds or
is to be fixed {o a surface‘that is not intended to be moved.

3.7 PORTABLE SECURITY CONTAINER — A security container that weighs less than 750 pounds.

3.8 PRIMARY-BAFERY—Abattery-thatby-constructionisnotintendedto-berecharged

3.9 RESIDENTIAL SECURITY CONTAINER — A container intended to be used in a residence to provide
moderate protection to items (such as guns, jewelry and other valuables) against burglary or theft.

3.10 SAFETY CIRCUIT — Any primary or secondary circuit that is relied upon to reduce the risk of fire,
electric shock, or unintentional contact with moving parts that may cause injury to persons (for example,
an interlock circuit).

3.11 SECONDARY BATTERY — A battery that by construction is intended to be recharged.

4 Installation and Operating Instructions

4.1 A copy of:
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a) The installation and operating instructions intended to accompany each product or component
as produced,

b) The related schematic wiring diagrams, and

c¢) The installation drawings

is to be furnished with the sample 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.

4.2 The instructions and drawings shall include at least the following:

c) Ide
mode

d) A

opergtion of the product.

e) A
perso

4.3 Theins
a manual. If

marking infofmation on the product. See Markings — All Products, Details, Section 58.

CONSTRUC

ASSEMBLY

5 General

5.1 Produg

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

] diagrams for

cordance with
ecommended

ntification of replacement parts, such as lamps or batteries;\by a part number, mpanufacturer's

| number, or other means that have been determined ta’be equivalent.

description of the conditions that might be expetted to result in false alarm

description of any features provided to reduce the risk of fire, electric shoch
ns and a warning against bypassing such features.

tructions may be incorporated on the'inside of the product, on a separate sheef

not included directly on the product, the instructions or manual shall be refe

TION — ALL PRODUCTS

t assembly

5 or impaired

, or injury to

, or as part of
renced in the

5.1.1

The product shall be factory-built as a complete assembly and shall include all the components

necessary for its intended function when installed (used) as intended. The product may be shipped from
the factory as two or more major subassemblies. See 5.1.2.

5.1.2 A product that is not assembled by the manufacturer as a complete unit shall be arranged in major
subassemblies. Each subassembly shall be capable of being incorporated into a complete assembly
without requiring alteration, cutting, drilling, threading, welding, or similar tasks by the installer (user). Two
or more subassemblies, which must bear a definite relationship to each other for the intended installation
or operation of the product, shall be arranged and constructed to permit them to be incorporated into the
complete assembly only in the correct relationship with each other without need for alteration or alignment,
or such subassemblies shall be assembled, tested, and shipped from the factory as one element.
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5.2 Electrical protection

5.2.1 Louvers and other openings in the enclosure shall be constructed and located to reduce the risk of
unintentional contact with uninsulated high-voltage live parts. In determining compliance with this
requirement parts, such as covers, panels, and grilles, used as part of the enclosure are to be removed
unless tools are required for their removal or an interlock is provided. See also Protection of Service
Personnel, Section 6.

5.2.2 Uninsulated high-voltage live parts shall be located, guarded or enclosed as indicated in 5.2.3 —
5.2.5.

5.2.3 Openipgs-directly over uninsulated-high-voltage li
any dimension or shall be of a configuration as illustrated
5.2 for side openings, has been determined to be equivalent.

(4.75 mm) in
s and Figure

Figure 5.1

Cross sections of top cover designs

— —

SEANTED OPENINGS

—

EC300 VERTICAL OPENINGS
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1

524 Ifan

Figure 5.2

Louvers

INSIDE OUTSIDE

I
OUTWARD PROJECTION

INSIDE OUTSIDE

EC510 INWARD PROJECTION

rod, the opening shall be sized and arranged so that a probe, as illustrated in Figure 5.3, ca

to contact a
straight or ar

5.2.5 An opening that permits’ entrance of a 1 inch (25.4 mm) diameter rod may be us

conditions d¢g

Ny uninsulated live part-(other than low-voltage) when inserted through the
iculated position.

scribed and illustrated in Figure 5.4.

bpening in an electrical enclosure does not permit entrance of a 1 inch (25.4 inm) diameter

hnot be made
opening in a

ed under the
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[SECTION
A-A

Figure 5.3
Articulated probe

o
&
S—

APPROX— !
30°

58 —~m\+
f

o
o
-

|

|

16——\—
25.4 -
P
50 !
I
. 215 —
|
254 —
777 7
&zzy ) &zzy )
78
\\\7 ____________________ ‘T:/—/Z; ALL DIMENSIONS IN MILLIMETERS
! \ RADIUS
: } + } .
| |
‘\ /I 25
S S B et L RADIUS

pa100a

NOTE - Available from Underwriters Laboratories Inc.
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Figure 5.4

Opening in enclosure

NOTE - The og
(mm) from the p
its plane. X equ
1/16 inch (154 n

s

A
B ———
ENCLOSURE OPENING
SECTION A-A
z A =
{ xﬁ:l\\}
\ 1
\\ X //
AN 7/
\\\ ’//
LIVE PART—/-
SECTION“B-B
= TN /=
T 'Q\ T
\ 1
\\ X //
\ 7/
\\\ ’//
LIVE PART—/-

EC100B

ening may be used-if,;-within the enclosure, there is no uninsulated live part or film-coated wire le
erimeter of the opening, as well as within the volume generated by projecting the perimeter X inche
Is five times the-diameter of the largest diameter rod which can be inserted through the opening, by
m).

s than X inches
5 (mm) normal to
t not less than 6-
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6 Protection of Service Personnel

6.1 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 accidental contact by persons performing service functions that may
have to be performed while the equipment is energized.

6.2 If during the examination of a product in connection with the requirements in 6.1, a part of the outer
enclosure may be removed without the use of tools, or part of the outer enclosure may be removed by the
user to allow access for making routine operating adjustments, it is not be assumed that the removable
part reduces the risk of electric shock while installed.

6.3 An elecitical r\nmpr\nnnf that may I"Dqllil‘ﬂ avgmingfir\n’ rnplgr\nmnnf, erjillefmnnf, eervicing’ or

maintenance | while the product is energized shall be located and mounted with respect to other
components and with regard to grounded metal so that:

a) Thg component is accessible for such service and

b) Thq risk of electric shock to the service person from adjacent uninsulated high-voltage live parts
is redyced.

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

a) Coils of relays and solenoids, and transformer windings,’if the coils and windings [are provided
with insulating overwraps rated for the potentials encountered;

b) Terminals and splices with insulation rated for, the'potentials encountered; and

c) Insulated wire.
7 Enclosurgs
7.1 Genera
7.1.1 The enclosure of a productishall have the strength and rigidity to resist total or partialcollapse and
the attendani reduction of spagings, loosening or displacement of parts, or other defefts. See the
Mechanical Strength Tests for Enclosures, Section 51.
7.1.2 Operdting partsi. such as gear mechanisms, light-duty relays, and similar deviges, shall be

enclosed to protectagainst malfunction due to dust or other material which may impair tipeir intended
operation.

7.1.3 An enclosure containing other than power limited circuits shall be constructed to reduce the risk of
emission of flame, molten metal, flaming or glowing particles, or flaming drops. See the Ignition Through
Bottom-Panel Openings Tests, Section 50.

7.1.4 To comply with the requirement in 7.1.3, the product shall either be provided with a nonflammable
bottom in accordance with the requirements in 7.3.2 or a protective barrier as illustrated in Figure 7.1
under all areas containing combustible materials.

Exception: The bottom enclosures may be constructed as described in 7.3.3.
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Figure 7.1

Protective pan

EB110

A — The entire component under which a barrier (flat or dished with or without a lip or other raised edge) of nonflammable material is
to be provided. The sketch above is of a metal enclosed component with ventilating openings to show that the protective barrier is
required only for those openings from which flaming parts might come. If the component or assembly does not have its own
nonflammable enclosure, the area to be protected would be the entire area occupied by the component or assembly.

B — Projection of the outline of the area of (A) which needs a bottom barrier vertically downward onto the horizontal plane of the
lowest point on the outer edge (D) of the barrier.

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 nonflammable material, or if the horizontal extension of the barrier (B) to (D) would
exceed 6 inches (150 mm).

D — Minimum outline of the barrier, except that the extension (B) — (D) need not exceed 6 inches (150 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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7.1.5 A construction using individual barriers under components, groups of components or assemblies,

as illustrated

in Figure 7.1 is considered to comply with the requirement in 7.1.3.

7.2 Doors and covers

7.21

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

a) It gives access to fuses or any other overcurrent protective device, the intended functioning of

which

requires renewal or

b) It is necessary to open the cover in connection with the intended operation of the unit.

Exception: If
circuit, an end

its position is supervised by a tamper contact that is connected in the clos
losure cover need not comply with the requirements of this paragraph. Seg'also

7.2.2 Fastefers requiring the use of a tool or key shall be used for the assembly of all

access is not

required for operation of the product.

7.3 Enclosure openings

7.3.1 Openi
objects is prg
considered tg

7.3.2 Openi
not classified
Plastic Mater
materials fron
location unde

hgs in the enclosure shall be so constructed and of¢such size that direct en
vented. See also 5.2.3. See Figure 5.1 for examples of top cover construct
prevent direct entry. See also Figure 5.2 for side:opening constructions.

hgs may be provided in the bottom panels orprotective pans under areas contai
as V-1, in accordance with the requiremients for the Standard for Tests for FI
ial for Use in Devices and Appliances; UL 94, if constructed in a manner

n falling directly from the interior of the’product onto the supporting surface or o
r the product. Figure 7.2 illustrates a type of baffle that complies to this re

second constfuction that complies to this requirement is a 0.040-inch (1.02-mm) sheet-steel

in which roun
inch (3.2 mm
Ignition Throy

d holes of 5/64-inch (2.0-min) maximum diameter, are spaced not closer toge

gh Bottom-Panel Openings Tests, Section 49.

Figure 7.2

Bottom panel baffles

bd protective
29.4.

enclosures if

ry of foreign
ons that are

ning material
mmability of
hat prevents
nto any other
quirement. A
bottom panel
ther than 1/8

center-to-center. Constructions other than these two may be used if they coiply with the
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7.3.3 The bottom of the enclosure under areas containing only materials classified as V-1 or less
flammable, may have openings not larger than 1/16 square inch (40.3 mm?).

7.3.4 Openings may be used, without limitation of the size or number of openings, in areas containing
only PVC, TFE, CTFE, FEP, and neoprene insulated wire or cable; in areas containing plugs and
receptacles; and in areas underneath impedance protected or thermally protected motors.

7.3.5 Openings in the enclosure shall not give access to any relays, terminals, controls, or related
components that might be subject to tampering by hand or with tools without causing an alarm or trouble

signal.
7.4 Screen

7.4.1 Scres
the requirem

7.4.2 Exce
shall not be
openings or
inch (2.03 m
this material

743 Ifthe
parts and gr
values, see
sheet steel [(

a) Th
than 1

b) Th

s-and-expanded-metal

ns or expanded metal used as a guard, enclosure or part of an enclosurg,\sha
bnts in 7.4.2 and 7.4.4 and with the Mechanical Strength Tests for Enclosures, S

pt as indicated in 7.4.3, perforated sheet steel and sheet steel usédfor expande
less than 0.042 inch (1.07 mm) thick [0.045 inch (1.17 mm),if zinc coated
berforations are 1/2 square inch (323 mm?) or less in area, and shall not be le
m) thick [0.084 inch (2.13 mm) if zinc coated] for larger openings. The largest
shall not exceed 4 inches (102 mm).

indentation of a guard or the enclosure will not:alter the clearance between ur

Spacings, General, Section 23, 0.020 inch{0.53 mm) expanded steel mesh
.023 inch (0.58 mm) if zinc coated] may be'used, if:

b exposed mesh on any side or surface of the product so protected has an are
2 square inches (464 cm?) and has no dimension greater than 12 inches (305 n

b width of the opening coverea by this material is not greater than 3-1/2 inches (§

| comply with
ection 51.

d metal mesh

[ if the mesh

5s than 0.080
dimension of

insulated live

punded metal so as to impair performance or<teduce spacings below the minimum required

or perforated

A of not more
m) or

9 mm).

7.4.4 The wires of a screen shall riot be less than 16 AWG (1.3 mm?) steel if the screen openings are 1/2
square inch (323 mm?) or less,inarea, and shall not be less than 12 AWG (3.3 mm?) steel for{larger screen
openings.

7.5 Cast metal

7.51 Then

hinimum thickness of cast metal for an enclosure shall be as indicated in Table 7]1.

—_

Exception: Cast metal of lesser thickness may be used, if consideration being given to the shape, size,
and function of the enclosure, it provides mechanical strength that has been determined to be equivalent;
see the Drop Test, Section 48, and the Mechanical Strength Tests for Enclosures, Section 51.
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Table 7.1
Cast-metal enclosures

Minimum thickness
Cast metal of other than the die-
Die-cast metal, cast type,

Use, or dimensions of area involved? inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less and having 1/16 (1.6) 1/8 (3.2)
no dimension greater than 6 inches (152 mm)
Area greater than 24 square inches (155 cm?) or 3/32 (2.4) 1/8 (3.2)
having any dimension greater than 6 inches (152 mm)
At a threaded cenduit-hole. 114 (6-4) 1/4 (6.4)
At an unthreadgd conduit hole 1/8 (3.2) 1/8 (3.2)

area.

@ The area limitgtion for metal 1/16 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs,subdividing a larger

7.5.2

If threpds for the connection of conduit are tapped through a hole in“an enclosureg

wall, or if a

construction that has been determined to be equivalent is used, there shall netbe less than 3{1/2 nor more
than 5 threads in the metal, and the construction shall be such that a¢standard conduit bughing can be
attached as intended.

7.5.3

rounded inlef
determined td

7.6 Sheet metal

7.6.1

Table 7.3, whichever applies.

If threfads for the connection of conduit are tapped only part of the way through
enclosure wa|l, there shall not be less than 3-1/2 full threads:in the metal, and there shall

The thickness of sheet metal for an enclosure shall not be less than that indicated in

A hole in an
be a smooth,

hole for the conductors which shall afford “protection to the conductors thiat has been
be equivalent to that provided by a standard-Conduit bushing.

Table 7.2 or

Exception: Sheet metal of lesser thickness may be used, if consideration being given to the| shape, size,

and function

Df the enclosure, itprovides mechanical strength that has been determined to be equivalent;
see the Drop [Test, Section 48; ‘and the Mechanical Strength Test for Enclosures, Section 51.

Minimum thickness of sheet metal for elt;rcat?ilgaz.gnclosures carbon steel or stainlegs steel
Minimum Minimum
With supporting frame or equivalent thickness thickness metal
Without supporting frame? reinforcing?® uncoated, coated,
Maximum width,® | Maximum length,® | Maximum Width,> | Maximum length, inch (mm) inch (mm)
inches (cm) | inches (¢m) | inches  (cm) | inches  (cm) [MSG] [GSG]
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0020  (0.51) | 0.023  (0.58)
475 (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) 12.5 (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) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6) [20] [20]

Table 7.2 Continued on Next Page
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Table 7.2 Continued
Minimum Minimum
With supporting frame or equivalent thickness thickness metal
Without supporting frame? reinforcing® uncoated, coated,

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

12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042  (1.07) | 0045  (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 54.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0,063 (1.60)
25.0 (6$.5) 31.0 (78.7) 35.0 (88.9) 430  (109.2) [15] [15]

25.0 (6$.5) Not limited 39.0 (99.1) Not limited 0.067  (m70)"| 0070  (1.78)
29.0 (73.7) 36.0 (91.4) 410  (1041) | 510  (1295) | [14] [14]

33.0 (88.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (96.5) 470  (1194) | 540 (1372) | 660  (167.6) [13] [13]

420  (106.7) Not limited 64.0  (162.6) Not limited 0.093  (2.36) | 0.097  (2.46)
470  (1Mo.4) | 590  (149.9) | 680  (1727) | 840 (234 | [12 121

520  (132.1) Not limited 80.0  (203.2) Not limitéd 0108  (2.74) | o.M (2.82)
60.0  (1524) | 740 (188.0) | 84.0  (213.4) | 103.0.\(261.6) [11] 11

63.0  (160.0) Not limited 97.0  (246.4) Not limited 0123  (3.12) | 0426  (3.20)
730  (1854) | 900  (2286) | 103.0 (261.6) | M27.0  (3226) [ [10] o]

2) Alsingle sheet which is corrugated or ribbed, and

1) Alsingle sheet with single formed flanges (formed edges),

3) Ah enclosure surface lgosely attached to a frame, for example, with spring clips.

@ A supporting frame is a structure of angle or channel or a folded'rigid section of sheet metal which is rigidly attach¢d to and has
essentially the ame outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resisfthe bending
moments which) may be applied via the enclosure surface'when it is deflected. Construction that is considered to haye equivalent
reinforcing may be accomplished by designs that will preduce a structure that is as rigid as one built with a frame of pngles or
channels. Congtruction considered to be without supporting frame includes:

® The width is the smaller dimension 6f a rectangular sheet metal piece which is part of an enclosure. Adjacent surfdces of an
enclosure may have supports.in\common and be made of a single sheet.

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

ide.

lable 7.5

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

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Maximum width,? Maximum length,® Maximum width,° Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) 0.023 (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) 0.029 (0.74)

Table 7.3 Continued on Next Page
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Table 7.3 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) inches (mm)
6.0 (15.2) Not limited 14.0 (35.6) Not limited
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) 0.036 (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited
95 (24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63.5) 0.045 (1.14)
12.0 36-53 Nettimited 28-0 Sy Nettimited
14.0 35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0058 (1.47)
18.0 45.7) Not limited 42.0 (106.7) Not limited
20.0 50.8) 25.0 (63.4) 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) Nat limited
42.0 106.7) 53.0 (134.6) 93.0 (236.2) 144.0 (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 seétion of sheet metal which is rigidly attachdd to and has
essentially the $ame outside dimensions as the enclosure surface and Which has sufficient torsional rigidity to resist|the bending
moments whict] may be applied via the enclosure surface when it iscdeflected. Construction that is considered to haye equivalent
reinforcing may]be accomplished by designs that will produce a structure which is as rigid as one built with a frame ¢f angles or
channels. Congtruction considered to be without supporting frame includes:
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, for example, with spring clips.
® The width is tHe smaller dimension of a rectanglilar sheet metal piece which is part of an enclosure. Adjacent surfgces of an
enclosure may have supports in commonand.be made of a single sheet.
¢ For panels whijch are not supportedaleng one side, for example, side panels of boxes, the length of the unsupported side shall
be limited to thg dimensions specifiedunless the side in question is provided with a flange at least 1/2 inch (12.7 mnp) wide.

7.6.2 A sheet metal-miember to which a wiring system is to be connected in the field shall have a
thickness of njot less.than 0.032 inch (0.81 mm) if of uncoated steel; of not less than 0.034 in¢h (0.86 mm)
if of galvanizgd steel; and of not less than 0.045 inch (1.14 mm) if of nonferrous metal.

7.6.3 A plate or plug closure for an unused conduit opening or other hole in the enclosure shall have a
thickness not less than 0.027 inch (0.69 mm) if of steel, or 0.032 inch (0.81 mm) if of nonferrous metal, for
a hole having a 1-3/8 inch (34.9 mm) maximum diameter.

7.6.4 A closure for a hole larger than 1-3/8 inch (34.9 mm) diameter shall have a thickness equal to that
required for the enclosure of the product, or a standard knockout seal shall be used. Such plates or plugs
shall be securely mounted.

7.6.5 A knockout in a sheet metal enclosure shall be capable of being removed without excess
deformation of the enclosure.

7.6.6 A knockout shall be provided with a surrounding surface of sufficient area to provide for seating of
a conduit bushing and shall be located so that installation of a bushing at any knockout likely to be used
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during installation would not result in spacings between uninsulated live parts and the bushing of less than
those specified under Spacings, General, Section 23.

7.7 Product enclosure mounting

7.71

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.

7.8 Polymeric materials

7.8.1 Amo
enclosure ar

a)Th
b) Re|
c) Mo
d) Flg
e) Dig

f) Re
undet

All these fac
Test, Section

8 Electric

8.1 Any pa
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on or off pos
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e mechanical strength;

sistance to impact;

sture-absorptive properties;

mmability and resistance to ignition from electrical sources;

lectric strength, insulation resistance, and resistance'to arc tracking; and

bistance to distortion and creeping at temperatures to which the material may
any conditions of use.

fors are to be considered with respectito aging in accordance with the Polym
46, and the Mechanical Strength Tests for Enclosures, Section 51.

5hock

't that is exposed only during operator servicing shall not present a risk of electr
hock Current Test, Section 35.

rminal provided. for the connection of an external antenna shall be conductively|
cuit grounded conductor. The conductive connection shall have a maximum res
minimum \Wattage rating of 1/2 watt, and shall be effective with the power switc
tion.

Exception: T

a nonmetallic

be subjected

eric Materials

ic shock. See

connected to
istance of 5.2
h in either the

he'eonductive connection need not be provided if:

a) Such a connection is established in the event of electrical breakdown of the antenna isolating

mean

S,

b) The breakdown does not result in a risk of electric shock; and,

¢) In a construction using an isolating power transformer, the resistance of the conductive
connection between the supply circuit and chassis does not exceed 5.2 megohms.

8.3 The maximum value of 5.2 megohms mentioned in 8.2 is to include the maximum tolerance of the
resistor value used; that is, a resistor rated 4.2 megohms with a 20 percent tolerance or a resistor rated
4.7 megohms with a 10 percent tolerance. A component comprised of a capacitor with a built-in shunt
resistor that complies with the requirements for antenna isolating capacitors may be rated a minimum of
1/4 watt.
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8.4 The replacement of any component used in the product shall not result in a risk of electric shock.

9 Corrosion Protection

9.1

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 means that have
been determined to be equivalent. Bearing surfaces shall be of such materials and construction as to

resist binding

due to corrosion.

9.2 The requirement in 9.1 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
corrosion or

shock, or un
operation of t

Exception No
protection ag

9.3 Metals U

Exception: THh
product; or re

1: This requirement does not apply to parts, such as washers, screws, bolts, &
malfunction of such unprotected parts would not be likely to result in a.tisk o
ntentional contact with moving parts that may cause injury to persons, or
he unit.

2: Parts made of stainless steel, polished or treated, if necessary, do not requ
hinst corrosion.

sed in cabinets and enclosures shall be galvanically eompatible.

is requirement does not apply if galvanic action:does not impair intended opé

injury to persons.

9.4 Hinges and other attachments shall be resistant'to corrosion.

FIELD WIRIN
10 General

10.1  Wiring
by the Nation

1"

11.1 A portd
with not less

G CONNECTIONS

terminals or leads-shall be provided for connection of conductors of at least the
Al Electrical Code;~ANSI/NFPA 70.

Cord Connected Products

ble.preduct that is intended to be connected to high-voltage or line voltage shal
than 6 feet (1.8 m) of flexible cord and a two or three prong attachment p

nd the like, if
[ fire, electric
0 impair the

ire additional

bration of the

sult in a risk of fire, electric shock, or unintentiohal contact with moving parts that may cause

Size required

be provided
lug rated for

connection to

the supply circuit.

Exception: The cord may be less than 6 feet in length if it is evident that the use of the longer cord may
result in damage to the cord or product; result in risk of fire, electric shock, or injury to persons, impair
intended operation of the product; or is not required for the intended operation of the product.

11.2 Aflexible cord may be used with a stationary product.

11.3 A flexible cord shall be of Type SJ, SJT, or have been determined to be equivalent, and have
conductors not smaller than 18 AWG (0.82 mm?). It shall be rated for use at the voltage and current rating
of the product.

11.4 The power supply cord shall be provided with strain relief means so that a stress on the cord would
not be transmitted to terminals, splices, or internal wiring. See the Strain Relief Test, Section 49.
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11.5 If a knot in a flexible cord serves as strain relief, a surface against which the knot may bear or with
which it may come in contact shall be free from projections, sharp edges, burrs, fins, and the like, which
may cause abrasion of the insulation on the conductors.

11.6 Clamps of any material (metal or otherwise) may be used on cords and supply leads without
varnished-cloth insulating tubing, or that which is determined to be equivalent, unless the tubing, or that
which is determined to be equivalent, is necessary to prevent the clamp from damaging the cord or supply
leads.

11.7 The supply cord or supply leads shall not be capable of being pushed into the unit through the cord-
entry hole if such displacement is likely to:

a) Supject the cord or supply leads to mechanical damage or to exposure to a tempgrature higher
than that for which the cord or supply leads are rated,

b) Refuce spacings (such as to a metal strain-relief clamp) below the minimum values, or

c) Damage internal connections or components.
12 Permarjently Connected Products
12.1 General

12.1.1 A fiyed product shall have provision for connection.of one of the wiring systems that would be
acceptable fgr it, in accordance with the National Electrical Code, ANSI/NFPA 70.

12.1.2 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 12.1.

Table 12.1
Trade'size of conduit, inches (mm OD)

Wire size Number of wires
AWG  (mm’) 2 3 4 5 6
14 (4.1) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 112 (21.3) V2 (21.3)
12 (33) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) Y4 (26.7)
10 43) 442 (21.3) 12 (21.3) 12 (21.3) 3/4 (26.7) Y4 (26.7)
8 (d4) 3/4 (26.7) 1 (33.4) 1 (33.4) 1 (33.4) 1-1/4 (42.3)
6 (183 34 {967 4 {334 4 {334 =74 #4223 +4/4 (42.3)

NOTE - This table is based on the assumption that all conductors will be of the same size and there will be not more 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 of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of the
wires, based on the cross-sectional area of Type THW wire.

12.1.3 The location of a terminal box or compartment in which power supply connections are to be made
shall permit the connections to be accessible without removal of parts other than a service cover or panel
and the cover of the outlet box or compartment in which the connections are made.

12.1.4 A terminal compartment intended for the connection of a supply raceway shall be secured in
position and shall be prevented from turning.
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12.1.5 The product shall be provided with field-wiring terminals or leads for the connection of conductors
having an ampacity not less than that required by the product. It is assumed that branch circuit conductors
rated 60°C (140°F) will be used.

12.2 Field wiring terminals
12.2.1 General application
12.2.1.1 As specified in these requirements, field-wiring terminals are those terminals to which power

supply (including equipment grounding) or control connections would be made in the field when the
product is installed as intended.

12.2.1.2 Afleld wiring terminal shall comply with the requirements in:

a)12.2.1.3-12.2.1.8; or

b) The field wiring requirements in the Standard for Electrical Quick-Connegt Terminalg, UL 310; or

¢) Thg Standard for Wire Connectors, UL 486A-486B; or

d) Th
Condd

e Standard for Equipment Wiring Terminals for Usé)with Aluminum an
ctors, UL 486E; or

d/or Copper

e) The field wiring requirements (Code 2) in the Standard for Terminal Blocks, UL 1059.

-

The current-¢arrying parts shall be silver, copper, a.copper alloy, or a similar nonferrous conductive

material. Seq
terminals intg
Standard for
installation in

uring screws and the like may be plated steel. Equipment provided with g
nded for field termination of electrical-conductors to the equipment and compl
Electrical Quick-Connect Terminalsy UL 310, shall be provided with strain r
structions shall include instructions for effecting the strain relief and include refi

uick-connect
ying with the
blief and the
erence to the

specific conngctors to be used.

12.2.1.3 A field-wiring terminal shali“be prevented from turning or shifting in position.
accomplished by means such as two screws or rivets; by square shoulders or mortises; by
lug, or offset;|or by a connecting,strap or clip fitted into an adjacent part. Friction between s
not be used for preventing movement of the terminals.

his may be
a dowel pin,
urfaces shall

i for 8 AWG
5 shall not be

12.2.1.4 Nopferrous-soldering lugs or solderless (pressure) wire connectors shall be use
(8.4 mm?) andl larger.wires. If the connectors or lugs are secured to a plate, the plate thicknes
less than 0.0%0 inch*(1.3 mm). Securing screws may be plated steel.

12.2.1.5 A wire binding screw intended for connection of the power supply (line voltage) source shall not
be smaller than 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?)
conductor and a No. 6 (3.5 mm diameter) screw may be used for the connection of a 16 or 18 AWG (1.3 or
0.8 mm?) conductor.

12.2.1.6 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 19 AWG (0.65 mm?) or
smaller conductor.

12.2.1.7 Terminal plates tapped for wire binding screws shall:
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a) Have a minimum of 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 means that have been
determined to be equivalent, to hold the wires in position. Other constructions may be used if they
have been determined to provide equivalent thread security of the wire binding screw. However,
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.

b) Be of minimum 0.050 inch (1.3 mm) thick nonferrous metal, if used with a No. 8 (4.2 mm
diameter) or larger screw, and a minimum of 0.030 inch (0.76 mm) thick if used with a No. 6 (3.5
mm diameter) or smaller screw.

12218 If
nonferrous ir
not required
plate. If the v
upturned tab

wo or more conductors are intended to be connected by wrapping under the

tervening metal washer shall be used for each additional conductor. A separ?or washer is
if two conductors are separated and are intended to be secured underca~cominon clamping
ires protrude above terminal barriers, the nonferrous separator shall ificlude me¢ans, such as
5 or sides, to retain the wire.

me screw, a

12.2.2 Quadlified application

12.2.2.1  An
compliance

y of the following terminal configurations may be used/for-connection of field wi
vith all of the requirements in 12.2.2.2:

ring if there is

a) Pdsh-In Terminals — Nonferrous (screwless) push-in terminals of the type uged on some
switclhes and receptacles wherein solid conductors.may be pushed into slots containing spring-
type retaining contacts. The leads may be remoyed’by means of a tool inserted to relig¢ve the spring

tensid
marki

b) Qu
posts

n on the conductor. Push-in terminals shall not for use with aluminum cor
ng adjacent to the terminal shall indicate that only copper conductors are to be u

ick-Connect Terminals — Nonferfous quick-connect (push type) terminals cons|
permanently secured to theLdévice and provided with compatible female ¢

ductors. The
sed.

sting of male
pnnectors for

conngction to field wiring. Requires’special tool for crimping of field wires. Mating terminals shall be

shipp
c) So

d) Sg
speci

e) Te
secur

ed with the product with instructions for their installation.
der Terminals — Cenyventional nonferrous solder terminals.

Iderless Wrapped Terminals — Solderless wrapped nonferrous terminals wh
b| tool and-terminal post design.

ephone=Type Terminals — Nonferrous terminal plates using a narrow V-sh
ng.ef.a conductor in a special post design. Requires special tool for wire conneg

ich require a

aped slot for
tion.

f) Other Terminals — Other terminal connections may be used if they have been determined to be
equivalent to (a) — (e) and are limited to the same restrictions.

12.2.2.2 Any of the terminal configurations listed in 12.2.1 may be used for connection of field wiring if
there is compliance 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 its manufacturer and its 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 on the installation wiring diagram. The minimum
permissible wire size is 22 AWG (0.32 mm?).

c) The wire size to be used shall have the current-carrying capacity for the circuit application.
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d) The terminal configuration shall comply with the requirements in the Special Terminal
Assemblies Tests, Section 52.

Exception: Terminals complying with the requirements in any of the standards specified in 12.2.1.2
are not required to be subjected to the Special Terminal Assemblies Tests, Section 52.

12.3 Field wiring leads

12.3.1 |If leads are provided in lieu of wiring terminals, they shall be a minimum of 6 inches (152 mm)
long, and the minimum permissible wire size shall not be smaller than 22 AWG (0.32 mm?).

Exception No,_1: A lead may be less than 6 inches in length if it is evident that the use of a longer lead:

a) May result in damage to the lead insulation or product;
b) May result in a risk of fire, electric shock, or injury to persons; or

¢) Is npt required for the intended operation of the product.

Exception No| 2: Solid copper leads as small as 26 AWG (0.13 mm?) may bé used if:

a) Thg current does not exceed 1 ampere for lengths up to.2\feet (61 cm) and the curtent does not
excee 0.4 ampere for lengths up to 10 feet (3.05 m),

b) Thegre are two or more conductors and they are covered by a common jacket or ofther covering
that has been determined to be equivalent,

¢) Thg assembled conductors comply with the requirement of 42.3 for strain relief, and

d) The installation instructions indicate that the lead shall not be spliced to a conducter larger than
18 AWG (0.82 mm?).

12.3.2 Leads intended for connection jof a line voltage source shall not be smaller than 18 AWG (0.82
mm?).

12.3.3 Leads intended for connection to an external circuit shall be provided with a strain felief if stress
on the lead may be transmitted to terminals, splices, or internal wiring. See the Strain Relief [Test, Section
49.

12.4 Polarify identification

12.4.1 In a productintended to be connectedto a grounded circuit, one terminat or tead 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.

12.4.2 A terminal intended for the connection of a grounded supply conductor shall be made 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.
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13 Ground

13.1
See Bonding

13.2 Thefo

ing

for Grounding, Section 17.

llowing are considered to constitute means for grounding:

A grounding means shall be provided for all equipment containing parts which require grounding.

a) In a product intended to be permanently connected by a metal-enclosed wiring system, a
knockout opening in the metal enclosure of the product, or other opening that has been determined
to be equivalent.

b) In a product intended to be permanently connected by a nonmetal-enclosed wiring system, such

as nopmetallic-sheathed cable, an equipment grounding terminal or lead.

|

c)lIn

13.3 Onaj

grounding cnductor shall be capable of securing a conductor of the size'rated for the

accordance

13.4 A solg

connector shall not be used for the grounding terminal intended for the connection o

connections

13.5 On a
equipment g

pressure wir¢ connector intended for connection of such a conductor shall be plainly identifie

being marke
provided on
or enclosure
operations, s

13.6
neutral cond
with a green

13.7 On a
connection ¢
continuous g

cord-connected product, an equipment grounding conductor in the cord:

ermanently-connected product, a terminal intended solely for the cennection of

vith the National Electrical Code, ANSI/NFPA 70.

pr for the grounding wire in a supply cord.

permanently-connected product, a wire binding screw intended for the con
rounding conductor shall have a green colored head that is hexagonal, slotte

1 "G," "GR," "GROUND," or "GROUNDING," or the like, or by a marking on a W
he product. The wire binding screw-or pressure wire connector shall be secure
of the product and shall be ‘located so that it is unlikely to be removed d
uch as replacing fuses, resetting manual-reset devices, or the like.

Lictor of a grounded.supply, it shall be identified by a marking "EQUIPMENT
color identification_or both.

permanentlyzconnected product, the surface of an insulated lead intended
f an eguipment grounding conductor shall be finished in a continuous gre¢
Feen ¢olor with one or more yellow stripes, and no other lead shall be so identifig

£l U o fi

an equipment
application in

ering lug, a push-in terminal, a screwless connector, or a-quick connect or sinpilar friction fit

- field supply

hection of an
d, or both. A
d, such as by
iring diagram
] to the frame
uring service

If a pressure wire connector intended for grounding is located where it could be npistaken for a

GROUND" or

solely for the
en color or a
d.

HN| rd-okb
TVIC CUTU Ol'ld

nished with a

13.8 Ona

vl BB tad nead At £ Araadiaat adatar-aof th
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continuous green color or with a continuous green color with one or more yellow stripes, and no other
conductor shall be so identified. The grounding conductor shall be secured to the frame or enclosure of the
product by a positive means that is not likely to be removed during any servicing operation not involving
the power supply cord. The grounding conductor shall be connected to the grounding blade of the
attachment plug. See Bonding for Grounding, Section 17.

INTERNAL WIRING

14 General

14.1

for 0 — 300 volt applications if:

a) Power is less than 375 volt-amperes,

Internal wiring shall have thermoplastic or rubber insulation not less than 1/64 inch (0.4 mm) thick


https://ulnorm.com/api/?name=UL 1037 2023.pdf

28 UL 1037 AUGUST 24, 2023

b) Current is less than 5 amperes, and

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

Otherwise, thermoplastic or rubber insulation not less than 1/32 inch (0.8 mm) thick and rated 600 volts
shall be used. Other insulating material of lesser thickness may be used if it has been determined to have
equivalent insulating and mechanical properties.

14.2 Leads or a cable assembly, connected to parts mounted on a hinged cover, shall be of sufficient
length to permit the full opening of the cover without applying stress to the leads or their connections. The
leads shall be secured or equivalently arranged to reduce the risk of abrasion of insulation and jamming
between parts of the enclosure.

14.3 Insulatjon, such as coated fabric and extruded tubing, shall not physically or electrically deteriorate
as a result oflexposure to the temperature or other environmental conditions to which it.may pe subjected
in intended uge.

14.4 Wireways shall be smooth and free from sharp edges, burrs, fins, moving parts, and|the like, that
may cause abrasion of the conductor insulation. Holes in sheet metal walls through which insulated wire
pass shall be[provided with a bushing if the wall is 0.042 inch (1.07 mm)-thick or less. Holes infwalls thicker
than 0.042 in¢h shall have smooth, rounded edges.

15 Wiring Nlethods
15.1 All splices and connections shall be mechanically secure and electrically bonded.

15.2 Stranded conductors clamped under wire-binding screws or similar parts shall have the individual
strands soldefed together or equivalently arranged:

15.3 A splige shall be provided with insulation that has been determined to be equivalent fo that of the
wires involved.

15.4 A prinjed wiring board shall comply with the requirements in the Standard for Printed-Wiring
Boards, UL 796.

15.5 A printed-wiring,.assembly using insulating coatings or encapsulation shall comply with the
requirements|in the Diglectric Voltage-Withstand Test, Section 41, before and after being treated. If it is
impractical toluse untreated samples, finished samples shall comply with the requirements in the Dielectric
Voltage-Withgtand Test, Section 41, after they have been subjected to the Humidity Test, Sdction 34; the
Temperature [[est, Section 42; and other applicable tests in this standard

15.6 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,
there shall be a bushing or other means that has been determined to be equivalent, which shall provide a
smooth, rounded surface against which the cord may bear.

15.7 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.

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

15.9 Fiber may be used where it would 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 would not be
exposed to moisture.
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15.10 A soft rubber bushing may be used in the frame of a motor if the bushing is not less than 3/64 inch
(1.2 mm) thick and if the bushing is located so that it would not be exposed to oil, grease, oily vapor, or
other substances which may have a deleterious effect on rubber. If a soft rubber bushing is used in a hole
in metal, the hole shall be free from sharp edges, burrs, projections, and the like, which would be likely to

cut into the rubber.

15.11

An insulating-metal grommet may be used in lieu of an insulating bushing, if the insulating material

used is not less than 1/32 inch (0.8 mm) thick and completely fills the space between the grommet and the
metal in which it is mounted.

16 Separation of Circuits

16.1 Intern
clamps, rout

highest potential involved. See 16.3.

16.2 A bar
insulating m
clearance bdg
mm).

16.3 When

as electric light, power, Class 1, or nonpower-limited fire alarm circuit conductors, both of

conditions sh

a) Th
Clasg
powe
comp

b) Th
prodd
powe
limite

bl wiring of circuits which operate at different potentials shall be separateg
ng, or other means, unless all conductors are provided with insulation which’ is

ier used to provide separation between the wiring of different circuits shall be
terial. A barrier of insulating material shall not be less than 0.028 inch (0.71 m
tween the edge of a barrier and a compartment wall shall*not be more than

Class 2, Class 3, and power-limited fire alarm circuit\eonductors occupy the sa

all be met:

e enclosure shall provide a minimum of\dwo conductor entry openings so tha
3 and power-limited fire alarm circuiti\conductors may be segregated from
[, Class 1 and nonpower-limited fire:alarm circuit conductors. The installation d
etely detail the entry routing of all.conductors into the enclosure.

by barriers,
rated for the

of metal or of
m) thick. Any
/16 inch (1.6

me enclosure
the following

the Class 2,
electric light,
bcument shall

e enclosure shall be constrticted so that, with all field-installed wiring conmected to the

ct, a minimum of 1/4 inch6.4 mm) spacing is provided between all Class 2,
-limited fire alarm cireuit” conductors and all electric light, power, Class 1 ar
] fire alarm circuit cenductors. Compliance with this requirement may be achiev

wire
will n

Exception:
ground, and|

a) T

uting configurations that are detailed in the installation document. If a wire ro
t 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 conductor operate at 150 vd

Class 3, and
d nonpower-
ed by specific
uting scheme
paration.

Its or less to

13, CL3R, or

CL3P, or substitute cable permitted by the National Electrical Code, NFPA 70, and the Class 2,
Class 3, and power-limited fire alarm circuit conductors extending beyond the cable jacket are
separated a minimum of 1/4 inch or by nonconductive tubing or by a nonconductive barrier from all

other

conductors or

b) The Class 2, Class 3, and power-limited fire alarm circuit conductors are installed as a Class 1 or

higher circuit.
17 Bonding for Grounding

17.1 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.
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17.2 Uninsulated metal parts, such as cabinets, electrical enclosures, capacitors and other electrical
components, are to be bonded for grounding if they may be contacted by the operator, user, or service
person, except as specified in 17.3.

17.3 Metal parts described as follows need not be grounded.

a) Adhesive-attached, metal-foil markings, screws, handles, and the like, that are located on the
outside of enclosures or cabinets and isolated from electrical components or wiring by grounded
metal parts so that they are not likely to become energized.

b) Isolated metal parts, such as small assembly screws, that are physically separated from wiring
and uninsulated live parts.

c) Cabinets, panels, and covers that do not enclose uninsulated live parts if wiring|is physically
separated from the cabinet, panel, or cover so that they are not likely to become €nergjzed.

d) Paels and covers that are insulated from electrical components andhwiring by pn insulating
barrief of vulcanized fiber, varnished cloth, phenolic composition, or similar materials jnot less than
0.028|inch (0.71 mm) thick, and secured in place. If material having alesser thickness is used,
consideration is to be given to such factors as its electrical, mechanical, and flammabiljty properties
when fompared with materials in thicknesses specified above.

17.4 The metal enclosure of a product having a slide-out chassis is considered to be grounded if the
resistance bgtween the point of connection of the equipment.grounding means and enclosure 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 ingerted in the
enclosure. I such cases, metal-to-metal contact shall be maintained at any point of| insertion or
withdrawal of|the chassis.

17.5 Metal-fo-metal hinge bearing members,for a door or cover are considered to be @ means for
bonding a dgor or cover for grounding if.a minimum of two pin-type hinges, are used, and each has a
minimum of three knuckles.

17.6 A separate component-bonding conductor shall be of copper, a copper alloy or other material
intended for yise as an electricaleonductor. Ferrous metal parts in the grounding path shall |be protected
against corrgsion by metallic,or nonmetallic coatings, such as enameling, galvanizing, pr plating. A
separate bongling conductar.er strap shall:

a) Be jprotectéd)from mechanical damage or be located within the confines of the outer enclosure
or frame and

secured by a removable fastener used for any purpose other than bondingfor grounding
unless the bonding conductor is unlikely to be omitted after removal and replacement of the
fastener.

17.7 The bonding shall be by a positive means, such as by clamping or riveting, by bolted or screwed
connection, or by welding, soldering, or brazing materials having a softening or melting point greater than
445°C (833°F). The bonding connection shall penetrate nonconductive coatings such as paint or vitreous
enamel. Bonding around a resilient mount shall not depend on the clamping action of rubber or other
nonmetallic material.

Exception: Bonding around a resilient mount may depend on clamping action of rubber or other
nonmetallic material if the connection has been determined to comply with the requirements in 17.10.

17.8 With reference to 17.7, a bolted or screwed connection that incorporates a star washer under the
screwhead or a serrated screwhead may be used for penetrating nonconductive coatings. If the bonding


https://ulnorm.com/api/?name=UL 1037 2023.pdf

AUGUST 24, 2023 UL 1037 31

means depends upon screw threads, two or more screws or two full threads of a single screw shall engage
the metal.

17.9 An internal connection for bonding internal parts to the enclosure for grounding, but not for a field-
installed grounding conductor or for the grounding wire in a supply cord, may use a quick-connect terminal
of the dimensions specified in Table 17.1 if the connector is not likely to be displaced and the component is

limited to use on a circuit having a branch circuit protective device, rated as shown in Table 17.1.

Table 17.1
Internal terminal connections for bonding

Terminal dimensions,

inches (mm) Rating of protective deyice, amperes
0.020|by 0.187 by 0.250 (0.51 by 4.57 by 6.4) 200r less
0.032|by 0.187 by 0.025 (0.81 by 4.75 by 6.4) 20 or less
0.032|by 0.205 by 0.250 (0.81 by 5.2 by 6.4) 20 or less
0.032|by 0.250 by 0.312 (0.81 by 6.4 by 7.9) 60 or less
17.10 A cannection that depends upon the clamping action ex€rted by rubber or othgr nonmetallic
material may be used if it complies with 17.13 under any intended’'degree of compression fesulting from

the use of a
after exposu
Also, the effd
considered,

intended faslpion.

17.11 On a
less than tha

17.12 Ona
shall be bag
connected. T
grounding cg

variable clamping device and if the material's intended performance would no
e to the effects of oil, grease, moisture, and thermal degradation which may oc
ct of assembling and disassembling such a ¢lamping device for maintenance pu
ith particular emphasis on the likelihood of the clamping device being reass

cord-connected product, a bonding conductor or strap shall have a cross-sect
of the grounding conductor of the supply cord. See also 17.14 and 17.15.

permanently-connected‘product, the size of a conductor used to bond an electr|
ed on the rating of'the branch circuit overcurrent device to which the equij
'he size of the conductor or strap shall be in accordance with Table 17.2. A
nductor is not required to be larger than the circuit conductors supplying the equ

t be impaired
CuUr in service.
rpose is to be
embled in its

onal area not

cal enclosure
pbment will be
AN equipment
ipment.

Table 17.2
Bonding wire conductor size
Size of bonding conductor®
Rating of o_vercurrent Copper wire, Aluminum wire,
device,

amperes AWG (mm?) AWG (mm?)

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)

@ Or equivalent cross-sectional area.
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17.13 A conductor, such as a clamp or strap, used in place of a separate wire conductor as indicated in
17.12, if the minimum cross-sectional conducting area has been determined to be equivalent to the wire
sizes specified in Table 17.2.

17.14 A bonding conductor to an electrical component shall have a cross-sectional area not less than
that of the conductors supplying the component.

17.15 Wire conductors used to bond electrical enclosures or other electrical components shall not be
spliced.

17.16 If more than one size branch circuit overcurrent protective device is involved, the size of the
bonding conductorshall-be-based-on-therating-of the-overcurrent-device-intended-to-providg ground-fault
protection for the component bonded by the conductor. For example, if a component*i$ individually
protected by |a branch circuit overcurrent device smaller than other overcurrent devices’ Used with the
equipment, & bonding conductor for that component is sized on the basis of the overcdrrent device
intended for dround-fault protection of the component.

17.17 The gontinuity of the grounding system of the product shall not rely-on the dimensionial integrity of
nonmetallic material.

COMPONENT[S, ELECTRICAL
18 General
18.1 Mounfing of components

18.1.1 A swjitch, lampholder, attachment plug, connector base, or similar electrical compopent shall be
secured in ppsition and, except as noted in the following 18.1.2 and 18.1.3, shall be prevented from
turning.

18.1.2 The fequirement that a switch be prevented from turning may be waived if all of the following
conditions ar¢ met:

a) Thg switch is a plungen or other type that does not tend to rotate when operated. A foggle switch
is conpidered to be subject to forces that tend to turn the switch during intended opegration of the
switchf;

b) The means_for mounting the switch makes it unlikely that the operation of the switch would
loosen it;

¢) Spacings are not Teduced betow the mimmumnT required vatues if the switch rotates;and

d) The operation of the switch is by mechanical means rather than by direct contact by persons.

18.1.3 A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or indicator
light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if rotation
would not reduce spacings below the minimum required values.

18.1.4 Uninsulated live parts shall be secured to the base or mounting surface so that they would be
prevented from turning or shifting in position, if such motion may result in a reduction of spacings below
the minimum required values. Securing of contact assemblies shall provide for the continued alignment of
contacts.

18.1.5 The means for preventing turning shall not consist only of friction between surfaces.
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18.1.6 A lock washer which provides both spring take-up and an interference lock may be used as the
means for preventing from turning a small stem-mounted switch or other device having a single hole
mounting means.

18.1.7 A flush plate for outlet-box mounting shall be of 0.030 inch (0.76 mm) or thicker ferrous metal, of
0.040 inch (1.01 mm) or thicker nonferrous metal, or of 0.100 inch (2.54 mm) or thicker nonconductive
material.

18.1.8 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 thickness sufficient to provide mechanical strength and rigidity that has been determined to be
equivalent to that of 0.040 inch thick steel

18.2 Insuldting materials

18.2.1 Insu
moisture-res

material that
Electrical Eq

ating materials used as a base for the support of live parts shall be made of a flame resistant,
stant insulating material, such as porcelain, phenolic or cold-melded compos|tion, or other
has been determined to be equivalent. See the Standard for Polymeric Matefials — Use In
lipment Evaluations, UL 746C.

between the
et, sealed, or
able terminal

18.2.2 A base mounted on a metal surface shall be provided.-with an insulating barrier
mounting sufface and all live parts on the underside of the base‘which are not staked, ups
equivalently prevented from loosening so as to prevent such\parts and the ends of replace
screws from poming in contact with the supporting surface.
rriers, but not

18.2.3 Vulganized fiber may be used for insulating bushings, washers, separators, and ba

for the sole s
risk of fire or

1824 Ac
would not m
the assembly
shall not be |

18.2.5 The

upport of live parts where shrinkage, current leakage, or warping of the fiber ma
electric shock.

untersunk, sealed live partsshall be covered with a waterproof insulating cd

, and at not less than 65°€ (149°F) in any case. The depth or thickness of seali
pss than 1/8 inch (3.2:xmm).

thickness of a_flat sheet of insulating material, such as phenolic compos

y introduce a

mpound that

It at a temperature 15°C(27°F) higher than the maximum intended operating t¢mperature of

ng compound

tion or other

materials thgt have been-determined to be equivalent, used for panel-mounting of parts shall not be less

than that specified in Table 18.1.
Table 18.1
Tict fftatst tsof i =t =
Maximum dimension
Length or width, Area, Minimum thickness,?
inch (cm) inch? (cm?) inch (mm)
24 (60.9) 360 (2322) 3/8° (9.5)°
48 (122.0) 1152 (7432) 12 (12.7)
48 (122.0) 1728 (11,148) 5/8 (15.9)
Over 48 (122.0) Over 1728 (11,148) 3/4 (19.1)

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

18.3.1 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,
would 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.

18.4 Current-carrying parts

18.4.1 All current-carrying parts shall be of silver, copper, copper alloy, or other material recognized for
use as an electrical conductor.

Exception: I\/}ultimetallic thermal elements and heater elements of a thermal protector nee
with this requjrement.

 not comply

18.4.2 Bearjngs, hinges, and the like, shall not be used as current-carrying parts.

18.5 Powenon indicator

18.5.1 Ifthe
shall be provi

primary source of electrical power is commercial power, an "ON" indicator of th
ded.

e visible type

19 Overcurn

19.1 If a pn
maximum inp|

rent Protection

mary circuit breaker or fuses are provided, their rating shall be in accorda
Lt to the product.

20 Semiconductors

20.1 Semic
which they m

21 Switche

21.1 A switd
the circuit wh
circuit control

a)Ah

pbnductors shall be rated for.the intended application under all environmental
hy be exposed in service, See the Performance Tests, Sections 25 — 54.

h providedas‘part of the product shall have a current and voltage rating not les

ed has'a.power factor less than 75 percent, the switch shall have:

brsepower rating (evaluated on the basis of the ampere equivalent) or

ich it controls when the product is operated under any condition of intended s

hce with the

conditions to

5 than that of
ervice. If the

b) A rating of not less than 200 percent of the maximum load current.

22 Transformers and Coils

22.1

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

Exception: An autotransformer may be used if the terminal or lead common to both input and output
circuits is identified as being intended for connection to the grounded conductor, and the output circuits are
located only within the enclosure containing the autotransformer.

22.2 Coils shall be treated with an insulating varnish, and baked or otherwise impregnated to exclude
moisture.
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22.3 Film-coated or equivalently coated wire is not required to be given additional treatment to reduce
the risk of moisture absorption.

SPACINGS
23 General

23.1 Spacings between uninsulated live parts and between uninsulated live parts and dead metal parts
shall not be less than those specified in 23.2 — 23.5. See also 24.1.

23.2 The spacings between an uninsulated live part and:

a) A wall or cover of a metal enclosure;
b) A fltting for conduit or metal-clad cable; and

c) A netal piece attached to a metal enclosure, where deformation of‘the enclosure is likely to
reduge spacings,

shall not be less than those specified in Table 23.1. See Figure 23.1.

Table 23.1
Minimum spacings

Minimum spacings®°*°
Voltage range, Through air, Over gurface,
Point pf application volts inch (mm) inch (mm)
To walls of endosure:
Cast metd enclosures 0300 1/4 (6.4) 1/4 (6.4)
Sheet mefal enclosures 0-300 1/2 (12.7) 1/2 (12.7)
Installation wirjng terminals
With barrigrs 0-30 1/8 (3.2) 3/16 (4.8)
31-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
Without barriers 0-30 3/16 (4.8) 3/16 (4.8)
31-150 1/4 (6.4) 1/4 (6.4)
151 -300 3/8 (9.5) 3/8 (9.5)
Rigidly clamped assemblies:
100 volt-amperes maximum® 0-30 1/324 (0.8) 1/324 (0.8)
Over 100 volt-amperes 0-30 3/64 (1.2) 3/64 (1.2)
31-150 1/16 (1.6) 116 (1.6)
151 -300 3/32 (2.4) 3/32 (2.4)
Other parts 0-30 1/16 (1.6) 1/8 (3.2)
31-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
@ Measurements are to be made with solid wire of adequate ampacity for the applied load connected to each terminal. In no case
shall the wire be smaller than 18 AWG (0.82 mm?).

Table 23.1 Continued on Next Page
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Table 23.1 Continued

Point of application

Voltage range,

volts

Minimum spacings®©

Through air,

inch (mm)

Over surface,

inch (mm)

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

¢ An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or similar material used where
spacings would otherwise be insufficient, 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 through- air
spacing required. The liner shall be located so that it will not be affected adversely by arcing. Insulating material having a
thickness less than that specified may be used if it is suitable for the particular application.

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 conjponents where the spacing between adjacent connecting wires on the component is less than 1/32 inch (0.8 mm).
¢ Spacing requifements apply also to solder type terminals described in 12.2.2.1(e).

Figure 23.1

Component spacings

C

SM100Q

A — Uninsulated live parts of a component.

B — Insulating m3terial 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 of this standard do not apply.
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23.3 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 which is isolated (insulated)

shall not be less than those specified in Table 23.1. See 24.1 and Figure 23.1.

23.4 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 or trouble signal, the
spacings betfveen such parts shall not be 1e3s than those Spectiied for other parts in 1apte 291 1.

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

24 Compohents

241 Minimum values of spacings are not specified for a semiconductor. or relay socket, a s¢miconductor,
a relay, a potentiometer, and like components, used in electronic gircuits. Spacings in such components
shall:

a) Comply with the requirements of 23.2 — 23.5 or

b) Be|such that the circuit complies with the Dieleétric Voltage-Withstand Test, Section 41.

24.2 The spacings within snap switches, lampholders, and similar wiring devices supplied as part of a
unit are evalyiated on the basis of the requirements for such devices.

PERFORMANNCE - ALL PRODUCTS
25 Genera

25.1 Test Units and data

2511 Antitheft alarm units or devices that are fully representative of production units are {o be used for
each of the following tésts unless otherwise specified.

25.1.2 Theldevices used for testing are to be those specified by the wiring diagram of the p
that substitu i i i iti
determined to be equivalent to those obtained with the devices intended to be used with the product in
service.

25.2 Test samples and miscellaneous data

25.2.1 The following samples are to be provided for testing:
a) Two or more complete antitheft alarms or devices.

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

c¢) Installation and operating instructions. See 4.1 and 4.2.
25.3 Test voltages

25.3.1 Unless specifically noted otherwise, a product shall be tested at rated frequency and at the test
voltage indicated in Table 25.1.

Table 25.1
Testvoltages
Rated voltage, nameplate Test voltage
110 to 120 120
220 to 240 240
Other Marked rating

26 Normal Pperation Test
26.1 A unit ghall perform its intended function when installed in“accordance with 26.2.

26.2 The urit is to be mounted in the intended manner @nd its terminals connected to circyits of related
equipment agindicated by the installation-wiring diagram.so as to represent a typical system gombination.

26.3 If equipment must be mounted in a definite position in order to function as intended, it i$ to be tested
in that positiop.

26.4 Poweriinput supply terminals are.to-be connected to supply circuits of rated voltage and frequency.
A product under test is to be in the\circuit condition ready for intended signaling operation when it is
connected to felated products andicircuits as specified in 26.2 and 26.3.

26.5 When |adjusted as recommended by the manufacturer, a product shall not be subject to false
operation.

26.6 When adjusted-as recommended by the manufacturer, a product shall operate as intenfled.

27 Input Test

27.1 The input of a product shall not exceed the marked current, power, or volt-ampere rating by more
than 10 percent when the product is operated under all conditions of use while connected to a source of
supply in accordance with the requirements in 27.2.

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

27.3 If standby power is provided, the product is to be operated for a minimum of 4 hours, except as
indicated in 58.12.
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28 Output Measurement Test

28.1
under the foll

owing conditions:

The measured voltage of all output circuits shall be within 85 and 110 percent of their marked rating

a) With primary power connected and varied from 85 percent to 110 percent of rated voltage. If a
standby battery is used, a fully charged battery shall be connected.

b) With primary power connected and varied from 85 percent to 110 percent of rated voltage. If a
standby battery is used, it shall be disconnected.

c)Ifa standby battery is used the product shaII be tested W|th the prlmary power disconnected.

The 3
voltag

e vaned from 85 percent to 110 percent of rated battery voltage.

28.2 Measlrements shall be made with no load or with the minimum load that'is spsd

manufacturef.

minimum loa

28.3 Upon
the output ¢
connected. |
the product,
circuits shall
shall be repe

28.4 Rated
connected tg

28.5 The o
Limited Circd

Exception: T
recognized f

29 Power-
29.1

Gene

2911 Al f

If more than one output circuit is provided, all circuits shall have.ho load con
d that is specified by the manufacturer connected to each circuit.

completion of 28.2, measurements shall then be made with the maximum load
rcuit. If more than one output circuit is provided, all cir€uits shall have the n
connecting the maximum load to each output circuit-will exceed the total outp

pply and the

cified by the
nected or the

connected to
aximum load
ut capacity of

the output circuit to be measured shall be loaded {0 its maximum rating and th¢ other output

have their load adjusted so that the maximum output capacity of the product is
ated for each output circuit.

load is that value of resistive load which“causes the rated current to flow whé
the output circuit and the input voltage;to the product is adjusted to its rated volt

utput circuits in an antitheft alarm or device shall be within the limits specifi
its, Section 29.

his requirement does not apply to an output circuit using a connecting device or
br high-voltage wiring,'such as a 125 volt, 15 ampere, parallel blade receptacle.

Limited Circuits
al

eldwiring circuits that derive energy from power sources connected to a contrg

reached. This

bn the load is

hge.

ed in Power-

other method

| unit shall be

classified as

g power-timited or nonpower-fimited circuit— A circuit shattbe considered non

unless otherwise identified in the installation documentation and marking on the product.

2912 The

power source (or sources) supplying a power-limited circuit shall be either:

a) Inherently limited requiring no overcurrent protection or

power-limited

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 29.1 for AC circuits or
Table 29.2 for DC circuits.
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Table 29.1
Power source limitations for alternating current Class 2 and Class 3 circuits
Power source maximum Current Power Maximum
Circuit voltage nameplate ratings limitations limitations overcurrent
Viax® VA Current Imax (VA)max® protection
(volts) (volt-amps) (amps) (amps) (volt-amps) (amps)
Inherently limited power
source (overcurrent
protection not required)
Class 2 0-20 5.0 x Vjax 5.0 8.0 - -
Over 20 — 30 100 100/V oy 8.0 — -
Over 30 — 150 0.005 x Vax 0.005 0.005 - -
Class 3 Over 30— 100 100 100/V nax 150/V nax - -
Not inherently limited
power source
(overcurrent prétection
required)
Class 2 0-20 5.0 x Vax 5.0 1000/Vinay 2509 5.0
Class 3 Over 20— 30 100 100/V nax 1000/V max 250 100/V nax
Over 30— 100 100 100/V nax 1000/V ax 250 100/V nax
Over 100 — 150 100 100/V ax 1.0 N.A. 1.0
NOTES
1 Adapted from|the National Electrical Code (NFPA 70), 1996 Edition, €éopyright National Fire Protection Associatior,
Batterymarch Hark, Quincy, MA 02269.
2 For nonsinusgidal 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 V., shall natbe greater than 15 volts for sinusoidal AC and 21.2 vdlts peak for
nonsinusoidal AC.
& Vnax: Maximun output voltage regardless of load with‘rated input applied.
b Imax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection| bypassed, if
used. When a tfansformer limits the output curfent, |, limits apply after 1 minute of operation. Where a current limifing
impedance is uged in combination with a nonpower-limited transformer or a stored energy source, such as a storagg battery, in

order to limit thd
€ (VA)max: Maxin
used.

4 If the power s

output current, |, limits\apply after 5 seconds.

hum volt-ampere output after 1 minute of operation regardless of load, and with overcurrent protectig

urce is a transfotmer, (VA).x is 350 volt-amperes or less where V,,, is 15 volts or less.

n bypassed, if

Table 29.2

Power source limitations for direct current Class 2 and Class 3 circuits

_— Power source maximum .
Circuit . Current Power Maximum
nameplate ratings T e
voltage limitations limitations overcurrent
Vimax: VA Current Imax (VA)max® protection
(volts) (volt-amps) (amps) (amps) (volt-amps) (amps)
Inherently limited power
source (overcurrent
protection not required)
Class 2 0to 20 5.0 X Vjax 5.0 8.0 - -
Over 20 to 30 100 100/V nax 8.0 - -
Over 30 to 60 100 100/V nax 150/V nax - -

Table 29.2 Continued on Next Page
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Table 29.2 Continued

L Power source maximum .
Circuit L Current Power Maximum
nameplate ratings Lo Lo
voltage limitations limitations overcurrent
Vimax™ VA Current Imax (VA)max® protection
(volts) (volt-amps) (amps) (amps) (volt-amps) (amps)
Over 60 to 0.005 x Vjax 0.005 0.005 - -
150
Class 3 Over 60 to 100 100/V ax 150/V ax - -
100
Not inherently limited power
source (overcurrent
protection requirees
Glass 2 0to 20 5.0 x Vax 5.0 1000/V ax 250 5.0
Glass 3 Over 20 to 60 100 100/V ax 1000/V ax 250 100/V max
Over 60 to 100 100/V ax 1000/V ax 250 100/V ax
100
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 02269.
2 A dry cell baftery shall be considered an inherently limited power source, provided the voltage is 30 volts or less gnd the capacity
is equal to or Igss than that available from series connected No. 6 carbon zin¢\cells.
3 For DC interjupted at a rate of 10 to 200 hertz, V. shall not be greater than 24.8 volts. Where wet contact (immgrsion not
included) is lik¢ly to occur, Class 3 wiring methods shall be used, orM.5 shall not be greater than 30 volts for contipuous DC and
12.4 volts for OC that is interrupted at a rate of 10 to 200 hertz.
& Vinax: Maximym output voltage regardless of load with rated input applied.
® | ax: Maximuin output current under any noncapacitive load, including short circuit, and with overcurrent protectioh bypassed, if
used. When a fransformer limits the output current, |3 limits apply after 1 minute of operation. Where a current limjting
impedance is ysed 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’s seconds.
¢ (VA)max: Maximum volt-ampere output after 4_minute of operation regardless of load, and with overcurrent protectipn bypassed, if
used.
9 If the power dource is a transformer,(VA),a« is 350 volt-amperes or less where V,, is 15 volts or less.

29.1.3  With
a) Trg

b)At

regard to 29.0.2, acceptable means for current limiting include:
nsformerwinding impedance;

nermal link embedded within the winding overwrap of a transformer;

c) Circuit components (resistors, regulators, transistors, and the like) that comply with the
Temperature Test, Section 42, 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.

29.1.4 The overcurrent protection device specified in 29.1.2 shall be of the noninterchangeable type
such that it cannot be renewed in the field with an overcurrent device having a higher current rating.
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29.1.5 If the product contains a float battery charger, the Va4, Inax, @nd VAo« shall be measured with
both the AC power source and the battery connected to the product. If the circuit contains a battery
transfer relay or a trickle charge battery circuit, the V.4, Imax, and VA, are to be measured 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 have the largest
capacity specified in the manufacturer's installation document and shall be fully charged.

29.1.6 When measuring the |, and VA,,,,, all overcurrent protection devices of the control unit shall be
short-circuited. However, current limiting devices shall not be bypassed and shall remain functional.

29.2 Maximum voltage

29.2.1 With|the circuit energized only from its rated primary power source, the outpuf’v
circuit under fest is to be measured while the circuit is connected to full rated load and unde
conditions. The maximum voltage under these two conditions shall be considered” Vi ax. |
incorporates @ secondary source of supply, the test is to be repeated with the-primary p
disconnected| and with the circuit energized solely from the secondary power source. Th
obtained from each power source shall be considered separately when applying the requirem
29.1 or Table |29.2.

bltage of the
I open circuit

the product
ower source
e Vax Value
ents in Table

29.3 Maximum current

29.31 Ino tor shall be
resistor is to

ed. The load

der to determine compliance with the I, limitation, a variable load resis
connected agross the circuit. While monitoring the current through the load resistor, the load
be adjusted filom open circuit to short circuit as quickly as@ossible and the highest current no

resistor is thgn to be readjusted to produce the highest.eurrent obtained and the current thrd
resistor is to je measured after 1 minute or after 5 seconds as determined by Table 29.1 or Tq

ugh the load
ble 29.2.

29.3.2 If the maximum current through the(load resistor cannot be maintained for 5 seq
current limiting devices (opening of thermallink, power supply foldback, PTC varistor effect,
the circuit logd resistor is to be adjusted:to a value that will produce a current just above t
indicated in Thble 29.1 or Table 29.2. The results are in compliance if the |, value stated in
Table 29.2 cahnot be maintained for more than 5 seconds.

29.3.3 If a fransformer limits the value of |,,,, and if l,.x cannot be maintained for 1 m
transformer Qurnout, a plot.of current versus time is to be generated and the graph exira
minute. The results arglin-compliance if the extrapolated value of |, at 1 minute does not ex

onds due to
and the like),
he |hax value
Table 29.1 or

inute due to
polated to 1
ceed the |2«

limitations aslindicated.in Table 29.1 or Table 29.2.

29.4 VA,..x [Not inherently limited circuits only)

29.4.1 The circuit shall be energized from a rated source of supply and then the circuit under test shall be
open-circuited. A variable load resistor, initially set to draw rated circuit current, shall then be connected
across the circuit. The circuit voltage and current shall be recorded and the load shall be removed. The
resistance of the load shall then be decreased, momentarily reconnected across the circuit while recording
the voltage and current, and then removed. This procedure is to be repeated until the load resistance has
been reduced to a short circuit. Using the recorded voltage and current, the maximum volt-ampere, VA ax
output under each load condition shall be calculated. The load resistor shall then be adjusted to that value
which produced the maximum volt-ampere, VA, calculated; and then connected to the circuit. After 1
minute, the voltage and current shall again 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 29.1 or
Table 29.2, as appropriate, after 1 minute.
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30 Electrical Supervision Test

30.1

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 30.2.

30.2 A manual test method provided as a part of the operation of the system which effectively tests the
capability of critical components (or the battery, if used) may be used in lieu of electrical supervision.

30.3 With reference to the requirements in 30.2, a "critical component" is defined as a component whose
malfunctioning would impair the operation of the product or would cause a risk of fire or electric shock.

304 Anyc
relays, termi
removal shal

31 Underv

311 Thep
of its rated vq

31.2 Ifast
nominal batt

31.3 A pro

!

pver, door, panel, or mounting means shall be electrically supervised if it gives
nals, controls, or related components that might be subject to tampering{ s0”th
result in an alarm or trouble signal.

bltage Operation Test

oduct is to be operated for its intended signaling performance’ while energized
Itage.

ndby battery is used, the reduced voltage value ist0’be computed on the bas
ry voltage.

juct that uses batteries for principal power-is to be tested for operation at

nominal battg¢ry voltage if supplied by primary batteries, or 85 percent of nominal battery voltz

by secondary

31.4 A prog
85 percent o

315 Ifthe

less than 10
circuit during
ohms is to bq

32 Overvo

321 A pro

batteries.

uct that uses primary or secondary batteries for standby power is to be tested fg
nominal battery voltage while"operating in the standby power condition.

hccess to any

at opening or

at 85 percent

s of the rated

b0 percent of
ge if supplied

r operation at

maximum impedance of an initiating device circuit extended from a product is equired to be

) ohms in order to.6btain intended operation, maximum impedance is to be cor
this test. If no impedance limitation is indicated on the product marking, an imps
used in the initiating device circuit.

tage Operation Test

juct shall withstand 110 percent of its rated supply voltage continuously wit

nected to the
dance of 100

hout damage

during the n
operated for

rmat standby condition. To determine comptiance with this Tequirement, the pr
its intended signaling performance at the increased voltage.

33 Variable Ambient Test

33.1

duct is to be

A product with its related equipment intended for indoor use shall function as intended at the test

voltage of Table 25.1 at ambient temperatures of 0 and 49°C (32 and 120°F). The exposure to either of
these temperatures is to be for a minimum of 4 hours.

34 Humidity Test

34.1

humidity of 85 +5 percent and a temperature of 30 +2°C (86 +3°F).

A product shall function as intended during and after exposure for 24 hours to air having a relative
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34.2 Cord-connected products powered from a high-voltage source shall comply with the requirements
of the Leakage Current Tests for Cord-Connected Products, Section 36, immediately following exposure to
the environment specified in 34.1.

35 Electric Shock Current Test

35.1 If the open circuit potential exceeds 42.4 volts peak between any part that is exposed only during
operator servicing and either earth ground or any other exposed accessible part, the part shall comply with
the requirements in 35.2 — 35.4, as applicable.

35.2 The continuous current flow through a 500-ohm resistor shall not exceed the values specified in
Table 35.1 when-the-resistoris-connected-between any ng‘ that is nvpnend nnl\]/ Fall |ring oper tor Servicing

and either eafth ground or any other exposed accessible part.

Table 35.1
Maximum current during operator servicing

Maximum current through a 500-ohm resistor,
Frequency, hertz milllamperes peak
0-100 71
500 9.4
1000 11.0
2000 14.1
3000 17.3
4000 19.6
5000 22.0
6000 25.1
7000 or more 275
NOTE - Linear|interpolation between adjacent values may be used to determine the maximum current correspondirg to
frequencies noflshown. The table applies to repetitive nonsinusoidal or sinusoidal waveforms.

35.3 The dyration of a tragsient current flowing through a 500-ohm resistor connected as|described in
35.2 shall not|exceed:

a) Thq value determined by the following equation:

B0

I

\ ]

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 milliamperes for
the last time; and

| is the peak current in milliamperes.

b) 809 milliamperes, regardless of duration.

The interval between occurrences is to be equal to or greater than 60 seconds if the current is repetitive.
Typical calculated values of maximum transient current duration are shown in Table 35.2.
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Table 35.2
Maximum transient current duration

Maximum peak current (I) through 500-ohm resistor,
milliamperes

Maximum duration (T) of waveform containing excursions
greater than 7.1 milliamperes peak

71 7.26 seconds
8.5 5.58
10.0 4.42
12.5 3.21
15.0 248
17.5 1.99
20.0 1.64
225 1.39
25.0 1.19
30.0 919 milliseconds
40.0 609
50.0 443
60.0 341
70.0 274
80.0 226
90.0 191
100.0 164
150.0 92
200.0 61
250.0 44
300.0 34
350.0 27
400.0 23
450.0 19
500.0 16
600:0 12
700.0 10
809.0 8.3

35.4 The maximum capacitance between the terminals of a capacitor that is accessible during operator

servicing shall comply with the following equations:

88,400

E'®(InE - 1.26)

for 42.4 < E< 400

C =35,288E ' for 400 < E< 1000

in which:

C is the maximum capacitance of the capacitor in microfarads, and

E is the potential in volts across the capacitor prior to discharge.
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Typical calculated values of maximum capacitance are shown in Table 35.3. E is to be measured 5
seconds after the capacitor terminals are made accessible, such as by the removal or opening of an
interlocked cover, or the like.

Table 35.3
Electric shock — stored energy

Potential in volts, across capacitance prior to discharge Maximum capacitance in microfarads
1000 0.868
900 1.02
806 422
700 1.50
600 1.90
500 2.52
400 3.55
380 3.86
360 4.22
340 4.64
320 5.13
300 5.71
280 6.40
260 7.24
240 8.27
220 9.56
200 11.2
180 134
160 16.3
140 20.5
120 26.6
100 36.5

90 43.8
80 53.8
70 68.0
60 89.4
50 124.0
45 150.0
42.4 169.0

35.5 With reference to the requirements in 35.2 and 35.3, the current is to be measured while the resistor
is connected between ground and each accessible part individually, and between ground and all
accessible parts collectively, if the parts are simultaneously accessible. The current also is to be measured
while the resistor is connected between one part or group of parts and another part or group of parts, if the
parts are simultaneously accessible.

35.6 With reference to the requirements in 35.5, parts are considered to be simultaneously accessible if
they can be contacted by one or both hands of a person at the same time. For the purpose of these
requirements, one hand is to be considered to be able to contact parts simultaneously if the parts are
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within a 4 by 8 inch (102 by 203 mm) rectangle; and two hands of a person are considered to be able to
contact parts simultaneously if the parts are not more than 6 feet (1.8 m) apart.

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

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

35.9 Current measurements are to be made:

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

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

These meas imum current

flow.

Lirements are to be made with controls placed in the position that causes max

36 Leakagg Current Tests for Cord-Connected Products

36.1 The Ig
accessible td
contact by a
the requirem

akage current of a cord-connected high-voltage product intended to be locat
contact by a person, or a cord-connected product-interconnected to a product
person, shall not exceed the values specified in.Table 36.1 when tested in ac
ents specified in 36.7 and 36.8 immediately after'exposure to the Humidity Test,

ed in an area
accessible to
tordance with
Section 34.

Table, 36.1
Maximumdeakage current

Type of product Leakage current, mA
2-wire cord comnected product 0.50
3-wire (including grounding conductor) cord cennected, 0.50
portable produft
3-wire (including grounding conductgr)cerd-connected 0.75
stationary or fixed product
NOTE - Products which incorparate a loss-of-ground detector which dependably opens the live conductors are exgmpted from the
requirements ip the table.
36.2 For th|s tést;"the product is to be de-energized, removed from the humidity environment, placed on

a dry insulating-surface, and immediately re-energized from a rated source of supply in ac¢ordance with
Table 25.1. Leakage current measurements are to be made with the product in the standby and operating
conditions.

36.3 With reference to the requirements in 36.1, 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.

36.4 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 intended to reduce a 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.
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36.5 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using metal foil with an area of 10 by 20 centimeters (3.9 by 7.8 inches)
in contact with the surface. Where the surface is less than 10 by 20 centimeters, the metal foil is to be the
same size as the surface. The metal foil is not to remain in place long enough to affect the temperature of
the product.

36.6 The measurement circuit for leakage current is to be as illustrated in Figure 36.1. The measurement
instrument is described in (a) — (c). The meter used for a measurement need indicate only the same
numerical value for a particular measurement as would the described instrument and need not have all of
the attributes of the described instrument.

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

b) Thg meter is to indicate 1.11 times the average of the full-wave rectified composite|waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a frequency
respomse (ratio of indicated to actual value of current) that is equal to the ratio of the impedance of
a 1500 ohm resistor shunted by a 0.15 microfarad capacitor to 1500.0hms. At indications of 0.5 and
0.75 npilliamperes (mA), the measurement is to have an error of not more than 5 percept.

Figure 36.1

Leakage current measurement circuits
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Product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents form one part of product to another.
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36.7 The test is to be conducted as soon as possible after completion of the Humidity Test, Section 34.
The supply voltage is to be adjusted to the test voltage, in accordance with Table 25.1. The sample is to be
prepared and conditioned for leakage current measurement as follows:

a) The sample is to be representative of the wiring methods, routing, components, component
location 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.

¢) The sample is to be conditioned as described in 34.1.

36.8 The |lgakage—c
as follows:

=136.1, is to be

a) With switch S1 open, the product is to be connected to the measurement cirguit. Leakage
current is to be measured using both positions of switch S2. All manual switching deyices then are
to be pperated in their intended manner, and leakage currents measured.in both posifions of switch
S2.

b) With the product switching devices in their intended operating.positions, switch S1
closefl, energizing the product, and within a period of 5 seconds, the leakage cu
measpred using both positions of switch S2. All manual switching devices then are t
in thejr intended manner, and leakage currents measured/in both positions of switch S

c) The product switching devices then are to be returned to their intended operating
the pfoduct allowed to operate until thermal -equilibrium is obtained. Leakage cu
monitpred continuously. For this test, "thermal equilibrium" is defined as that co
leakape current is found to be constant orcdecreasing in value. Both positions of sw|

then is to be
rrent is to be
b be operated
2.

positions and
rent is to be
hdition where
tch S2 are to

be used in determining this measurement;

ned, and the
ements are to

d) Immediately after the test, any(single-pole switch on the product is to be op¢
leakape current monitored untilxgcorAstant or decreasing values are recorded. Measur
be made in both positions of switch S2.

37 Overload Test

37.1 General

3711 Ance all operate as
intended aftg minute while
connected td a a le is to begin
with the product energlzed in the standby condltlon followed by the dewce s mtended operation, and then
restoration to standby condition.

lectrically operated product other than one operating from a primary battery sh
r 850 cycles of mtended operation at a rate of not more than 15 cycles per

37.1.2 Rated test loads are to be connected to the output circuits of the product. The test loads are to be
remote indicators, relays, or other equipment that has been determined to be equivalent. An equivalent
load used to simulate an inductive component, is to have a power factor of 60 percent. The rated loads are
to be established with the product initially connected to a source of supply in accordance with the
requirements in Table 25.1 following which the voltage is to be increased to 115 percent of the initial value.

37.1.3 For DC signaling circuits, the inductive test load is to have the required DC resistance for the test
current and the inductance (calibrated) necessary to obtain a power factor of 60 percent when connected
to a 60 hertz AC rms voltage equal to the rated DC test voltage. The resultant AC current is to be equal to
60 percent of the DC current when the load is connected first to an AC voltage and then to a DC voltage
equal to the rms value of the AC source.
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37.2 Separately energized circuits

37.2.1 Separately energized circuits that do not receive energy from the product, such as dry contacts,
shall operate as intended after 50 cycles of intended operation at a rate of not more than 15 cycles per
minute while connected to voltage source in accordance with the requirements in Table 25.1 and with 150

percent rated

current loads at 60 percent power factor applied to the output circuits.

38 Endurance Test

38.1

38.1.1
operated, for

38.1.2 A prdg
operated, for

38.1.3 A prq
test voltage if]

38.1.4 The

38.2 Separately energized circuits

38.2.1 Sepg
the Enduranag
25.1 and with

38.2.2 The
mechanically

39 Jarring
39.1 A prod

application w
as evidenced

(vil' t

General

5000 cycles of intended operation.

duct intended to operate 6 or more times a day is to be operated, at test voltage
50,000 cycles of intended operation.

duct intended to operate only when it is required to perform its.function is to be
electrically operated, for 1000 cycles of intended operation.

levice may be cycled at any rate up to 15 cycles perminute.

rately energized circuits that do not receive energy from the product is to be op
e Test, while connected to a source ofisupply in accordance with the requirem
rated load at 0.6 power factor applied4o the output circuits.

product shall operate as intended during and after this test. The product
and electrically operable at the conclusion of the test and shall perform its intend

[est

uct shall withstand jarring resulting from impact and vibration anticipated in
thout causing operation of any part and without impairing its subsequent intend
by compliagnce with the requirements in the Normal Operation Test, Section 26.

39.2 The pr
(1.8by 1.2 m

),~aominal 3/4 inch (19.1 mm) thick plywood board which is secured in place at

bduct'and associated equipment is to be mounted as intended to the center of

= if electrically

if electrically

operated, at

brated during
ents in Table

shall remain
ed function.

the intended
ed operation,

a 6 by 4 foot
four corners.

An impact is to be applied 1o the center of the reverse side of this board by means of a 7.78 pound (0.54
kg), 2 inch (50.8 mm) diameter steel sphere either swung through a pendulum arc from a height (h) of 30.5
inches (775 mm) or dropped from a height (h) of 30.5 inches, depending upon the mounting of the

equipment. See Figure 39.1.
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Figure 39.1

Jarring test
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39.3 During this test, the unit is to be operated in the normal standby condition and connedted to a rated
source of supply in accordance with the requirements in Table 25.1.

40 Road Shock and Vibration Tests

40.1 A product intended faf'use in a vehicle shall operate as intended and there shall not b¢ loosening of
parts or elecfrical connections after being subjected to road shock and vibration. The produgt shall not be
defeated by jarring thehousings containing the relays or other components.

40.2 A sanple.is'to be energized and secured in its intended mounting position on a mount{ng board and
the board, in|turn,”securely fastened to a vibration machine vibrating at an amplitude of 1/4 inch (6.4 mm)
at a frequency of TZ.5 hertz. The sample then IS 1o be vibrated for T hour.

40.3 For the purpose of 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.

41 Dielectric Voltage-Withstand Test

41.1 A product shall withstand for 1 minute, without breakdown, the application of an essentially
sinusoidal AC potential of a frequency within the range 40 — 70 hertz, or a DC potential, between live parts
and the enclosure, between live parts and exposed dead metal parts, and between live parts of circuits
operating at different potentials or frequencies. The test potential is to be (also, see 41.2):

a) 500 volts (707 volts, if a DC potential is used), for a product rated 30 volts AC rms (42.4 volts DC
or AC peak) or less;
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b) 1000 volts (1414 volts, if a DC potential is used), for a product rated between 31 and 250 volts

ACrm

S; or

¢) 1000 volts plus twice the rated voltage (1414 volts 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.

41.2 For the application of a potential between live parts of circuits operating at different potentials or
frequencies, the voltage is to be the applicable value specified in 41.1 (a), (b), or (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.

41.3

If an autotransformer is in the circuit, the primary of the transformer is to be disconnected and an

AC test poter
volts.

41.4 Exposé¢d dead metal parts referred to in 41.1 are noncurrent-carrying metal parts thaL
hized and accessible from outside the enclosure of a unit during infended oper:

become ener|
door of the en

41.5 The tg
maintain the
zero, the pote
value is reach

416 Ifthec
line to earth g
filter is to be t

tial in accordance with 41.1(c) is to be applied directly to all wiring involving-m

closure closed.

st potential may be obtained from any convenient source having sufficien
specified voltage. The output voltage of the test apparatus is to be monitore
ntial is to be increased at a rate of approximately 200 volts per minute until the
ed and is to be held at that value for 1 minute.

harging current through a capacitor or capacitor-type filter connected across the
round, is sufficient to prevent maintenance.of the specified AC test potential, the
psted using a DC test potential in accordance with 41.1.

41.7 A prin

application of, or would short-circuit, the _test potential, is to be removed, disconnected,
rendered inoperative before the test. A.representative subassembly may be tested instead

ed wiring assembly or other electronic circuit component that would be dani

ore than 250

are likely to
tion with the

capacity to
j. Starting at
required test

line, or from
b capacitor or

aged by the
or otherwise
of an entire

product. Redlifier diodes in the power supply may be individually shunted before the fest to avoid

destroying th

42 Temperature Test

421 Them
those indicatsd

m in the case of a malfunction elsewhere in the secondary circuits.

bterials used in the construction of a product shall not attain temperatures rises
din Table 42.1.

greater than

Tabla- 49 1

rapre4z1

Maximum temperature rises

Signaling (alarm)
Normal standby, condition,
Material and components °Cc (°F) °C (°F)
A. COMPONENTS

1. Capacitors 25 (45) 40 (72)

2. Rectifiers — At any point
a. Germanium 25 (45) 50 (90)
b. Selenium 25 (45) 50 (90)

Table 42.1 Continued on Next Page
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Table 42.1 Continued

Signaling (alarm)

Normal standby, condition,
Material and components °C (°F) °Cc (°F)
c. Silicon 50 (90) 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) 85 (153)
b. Clasg436-rstiation-system:
Thgrmocouple method 45 (81) 85 (153)
Redistance method 55 (99) 104 (189)
c. Clasg 155 insulation system:
(1) Elass 2 transformers:
Thermocouple method 95 171) 95 (171)
Resistance method 145 (207) 115 (207)
(2) Power transformers:
Thermocouple method 110 (198) 11( (198)
Resistance method 115 (207) 114 (207)
d. Clasg 180 insulation system:
(1) Class 2 transformers:
Thermocouple method 115 (207) 114 (207)
Resistance method 135 (243) 134 (243)
4. Resistor}®
a. Carbpn 25 (45) 50 (122)
b. Wire Wound 50 (90) 124 (302)
5. Solid state devices See footnote ¢
6. Other components and materials;
a. Fiberfused as electrical insulation or cord bushings 25 (45) 65 (117)
b. Varnished cloth insulation 25 (45) 60| (108)
c. Thernoplastic(materials Rise based on temperaturg limit of the
material
d. Phenjolic:carposition used as electrical insulation or as parts whose 25 (45) 124 (225)
malfungtion-or deterioration may result in a risk of electric shock
explosion, fire, or injury to persons®
e. Wood or other combustibles 25 (45) 65 (117)
f. Sealing compound 15°C (27°F) less than the melting point of the
compound®
g. Fuses 25 (45) 65 (117)
B. CONDUCTORS
1. Flexible cord (for example, SJO, SJT) 35 (63) 35 (63)
2. Conductors of field-wired circuits to be permanently connected to the 35 (63) 35 (63)
product
C. GENERAL

Table 42.1 Continued on Next Page
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Table 42.1 Continued

asbestos or mo
temperature of
mounted on the
by an external s
following amou
table.

1.5°C (9°F

less, open't

2.10°C (18
less, open't

3.15°C (27
(178 mm), g

4.20°C (36
(178 mm), ¢

® The temperat
manufacturer's

¢ The temperat
rating during th
temperature un
of its componer
shall not excee

Signaling (alarm)
Normal standby, condition,
Material and components °Cc (°F) °C (°F)
1. All surfaces of the product and surfaces adjacent to or upon which the 65 (117) 65 (117)
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 35 (63) 35 (63)
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. Nonnietallic 65 (117) 65 (117)
4. Transformper enclosures:
a. Class|2 transformers 60 (108) 60 (108)
b. Powe[ transformers 65 (117) 65 (117)
@ Ordinarily, coil or winding temperatures are to be measured by thermocouples unless the coil is inaccessible for mpunting of
these devices (for example, a coil immersed in sealing compound) or unless the coilWrap includes thermal insulatioh such as

re than two layers, 1/32 inch (0.8 mm) maximum, of cotton, paper, rayon, or the like. For a thermoco

ource of heat, the temperature rise measured by a thermdcouple may exceed the indicated maximu
hts, if the temperature rise of the coil, as measured by théjresistance method, is not more than that s

for Class A insulation on coil windings of alternating-current motors having a diameter of 7 inches (1
pe.

pe.
F) for Class A insulation on coil windings of alternating-current motors having a diameter of more th
pen type.
F) for Class B insulation an coil windings of alternating-current motors having a diameter of more thg
pen type.

re rise of a resistormay’exceed the values shown if the power dissipation is 50 percent or less than
rating.

re of a solid<state device (for example, transistor, SCR, integrated circuits), shall not exceed 50 perd
e normal standby condition. The temperature of a solid-state device shall not exceed 75 percent of it:
Her the alarm condition or any other condition of operation which produces the maximum temperatur
ts. Forreference purposes 0°C (32°F) shall be considered as 0 percent. For integrated circuits the |

Both solid-state
conditions:

determined

followed by

b coil of an alternating-current motor having a diameter of 7 inchés (178 mm) or less, the thermocouple is to be
integrally applied insulation on the conductor. At a point on the'surface of a coil where the temperatyre is affected

F) for Class B insulation on coil windings-of alternating-current motors having a diameter of 7 incheg (178 mm) or

ple measured

by the
ecified in the

78 mm) or

n 7 inches

n 7 inches

the

ent of its

b rated

e dissipation
ading factor

n of operation.

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

2. A quality-control program is established by the manufacturer consisting of an inspection stress test followed by operation of
100 percent of all components, either on an individual basis, as part of a subassembly, or by other test methods that have been

to be equivalent.

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

an Operational Test.

4 The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds which have been
investigated and determined to have special heat-resistant properties.

lowing

42.2 The values for temperature rise in Table 42.1 are based on an assumed ambient temperature of 25
+15°C (77 £27°F), and tests are to be conducted at an ambient temperature within that range. A
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temperature is considered to be constant when three successive readings taken at intervals of 10 percent
of the previously elapsed duration of the test, but at not less than 5 minute intervals, indicate no change.

42.3 Temperatures are to be measured by thermocouples consisting of wires not larger than 24 AWG
(0.21 mm?) or by the change-in-resistance method, except that the thermocouple method is not to be used
for a temperature measurement at any point where supplementary thermal insulation is used.

42.4 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.

thod, wherein
sistance at a

known tempgrature by means of the formula:

Ar=Lik+ 1) - (k+ 1)

in which:
At is the temperature rise, in degrees C;
R is the resistance in ohms at the end of the test;
r is the resistance in ohms at the start of the test;
k is 284.5 for copper or 225.0 for electrical conductor grade aluminum;
t, is the room temperature at the start of the test, in degrees C; and

t, is the room temperature at the end of the test, in degrees C.

42.6 To determine compliance with these requirements, the product is to be connected to a|supply circuit
of rated voltage and frequency. in accordance with Table 25.1 and operated continpiously under
representatiVe service conditions'that are likely to produce the highest temperature.

42.7 If a cyrrent-regulating resistor or reactor is provided as a part of a unit, it is to be adjusted for the
maximum resistance Orfreactance at intended current.

42.8 The tgstis.to'be continued until:

a) Constant temperatures are attained during the normal standby condition and

b) 1 hour has elapsed during the intended operation condition of a unit constructed to remain in that
condition until it is restored to normal standby condition.

42.9 If a product has provision for multiple zones, 10 percent of the total number of zones, but in no case
less than three zones, shall be energized during the alarm or intended operation condition.

43 Abnormal Operation Test

43.1 A product operating in any condition of intended operation shall not present a risk of fire or electric
shock when abnormal fault conditions are introduced.
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43.2 To determine compliance with the requirement in 44.1.1, the product is to be connected to a source
of supply in accordance with Table 25.1 and operated under the most severe circuit fault conditions likely
to be encountered in service. There shall not be emission of flame or molten metal, or any other
manifestation of fire; see 43.4. The product shall also comply with the requirements in the Dielectric
Voltage-Withstand Test, Section 41.

43.3 The fault condition is to be maintained continuously until constant temperatures are attained or until
burnout occurs, if the fault does not result in the operation of an overload protective device. Shorting of the
secondary of the power supply transformer and shorting of an electrolytic capacitor would represent typical
fault conditions.

434 The pr i ' aof 14-15
square yards|to the pound (26 — 28 m?/kg) and a count of 32 by 28, and then energized. Therg¢ shall not be
molten metallor flame emitted from the unit as a result of this test as evidenced by ignition ¢r charring of
the cheeseclqth.

43.5 If a prdduct has provisions for connection to a telephone, telegraph, or outside wiring as covered by
Article 800 offthe National Electrical Code, ANSI/NFPA 70, the product shall comply with the overvoltage
test as described in the Standard for Information Technology Equipment™= Safety — Parnt 1: General
Requirementsg, UL 60950-1.

44 Electrical Transient Tests
441 Generfl

4411 A prpduct other than one operating from, a-primary battery, shall operate for|its intended
performance pfter being subjected to 500 supply lige:transients, 500 internally induced transjents, and 60
input/output dircuit transients while energized from a source of supply in accordance with Table 25.1.

44.2 Supply line transients

44.2.1 A high-voltage AC-operated unit shall:
a) Notl/false alarm or false,operate;
b) Op¢rate as intended; and,

c) As |appropriate, retain required stored memory (such as date, type, and location of a signal
transmission)

when subjectedtosupply fine transients mduced directty onto the power suppty circuit conductors of the
equipment under test. Supplemental information stored within the unit need not be retained.

44.2.2 For this test, the unit is to be connected to a transient generator that produces the transients
described in 44.2.3. The output impedance of the transient generator is to be 50 ohms.

44.2.3 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 not more than 60 percent of the value of the preceding peak.

44.2.4 The unitis to be subjected to 500 oscillatory transient pulses induced at a rate of 6 transients per
minute. Each transient pulse is to be induced 90 degrees into the positive half of the 60 hertz 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 regard to earth ground.
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44.3 Internally induced transients

44.3.1 The product is to be energized in the intended standby condition while connected to a source of
supply in accordance with Table 25.1. The supply source is to be alternately de-energized for
approximately 1 second, then energized for approximately 9 seconds for a total of 500 times. Each
interruption shall be at rate of not more than 6 interruptions per minute. Standby power, if provided, is to be
connected during this test.

44.4 Input/output circuit transients

4441 The unit is to be energized in the normal standby condition while connected to a source of supply
in accordance-wi ' HGOUH ifiedi

/)

Exception:
subjected to

4442 Inp
these circuits

a) No
b) Op

c) As|
trans

when subjec
the unit need

4443 For
having peak
waveform at
approximate
shall have pe

80 to 1110 microseconds, and/energy levels not less than 0.03 joule or greater than 1.

transient pulg

4444 Eac
pulses per m

circuit or cable that interconnects equipment located within the same(room
his test.

/output circuits are to be tested as specified in 44.4.3 — 44.4.5. The’equipment
shall:

false alarm or false operate;
erate as intended; and,

appropriate, retain required stored memory, (such as date, type, and locatid
ission) within the unit

ed to transient voltage pulses as described in 44.4.3. Supplemental information
not be retained.

this test, each input/output circuit is to be subjected to five different transie
voltage levels in the range af ;100 to 2400 volts, as delivered into a 200 ohm lo4
2400 volts shall have a pulse rise time of 100 volts per microsecond, a puls
y 80 microseconds, and an energy level of approximately 1.2 joules. Other app
ak voltages representative of the entire range of 100 to 2400 volts, with pulse d

es are to be coupled directly onto the input/output conductors of the equipment

N input/Output circuit is to be subjected to 60 transient pulses introduced at t
nutetas-follows:

need not be

connected to

n of a signal

stored within

ht waveforms
d. A transient
e duration of
ied transients
urations from
D joules. The
under test.

he rate of six

a) Te

h plllene (hl\ln at each transient \/nlfngn level Qpnr\ifinr‘l ind44 4 '2) between one

side of each

input/output circuit and earth ground. Repeat the ten pulses with the polarity reversed (total of 20
pulses).

b) Repeat (a) between the other side of each input/output circuit and earth ground (total of 20
pulses).

c) Ten pulses (two at each transient voltage level specified in 44.4.3) across each input/output
circuit. Repeat the ten pulses with the polarity reversed (total of 20 pulses).

4445 For these tests? the transient generator is to be connected to its alternating current (AC) power
source through an isolating transformer. The earthground of the transient generator is to be disconnected
from earthground.
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a) For 44.4.4 (a) and (b), one output of the transient generator is connected to the earthground
connection of the product under test, and the other output is connected through a decoupling
fixture to the terminal to be tested. To reverse the polarity, the connection at the product under test
is reversed. The earthground of the product shall be connected to earthground.

b) For 44.4.4(c), one output of the transient generator is connected to one of the terminals to be
tested and the other output is connected through a decoupling fixture to the other terminal to be
tested. To reverse the polarity, the connection at the product under test is reversed. If the product is
equipped with an earthground, it shall be connected to earthground.

The decoupling fixture is a 200 ohm, 10 watt (minimum) resistor in series with a 1 microfarad, 1000 volt
DC (minimum) capacitor.

a CAUTION:
are tobe on g

Potentially lethal voltages are involved. The transient generator and the (produ
non-conductive surface and appropriate safety precautions observed,

ct under test

44.4.6 At the conclusion of the test, the equipment shall comply with the requirements in the Normal
Operation Test, Section 26.

45 AC Indugtion Test

451 A product shall not false alarm and shall operate as .inténded when subjected to g

current indud
extend throug

Exception: L
surface grour

452 To det
and frequenc
into each circ
45.1.

ed in any signal leads, sensing leads, loops, DC power leads, or in any oth
hout the premises wiring.

pbads consisting of conductors insulated from and surrounded by a shieldin
ded at one end are exempted from this test.

ermine compliance with 45.1, the product is to be energized from a source of
y in accordance with the requirements in Table 25.1, and a 60-hertz current is t
Lit extending from the product. The AC signal current shall be induced as illustrg

n alternating
er leads that

y conductive

rated voltage
O be induced

ted in Figure
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Figure 45.1

AC induction test circuit
N NA—|
I

1500 ohms  0.01 uFd

ay 120y,
60 Hz
o
$3296

46 Polymeric Materials Test

46.1 Polymeric materials used as an-.€nclosure or used for the support of current-carrying parts shall
comply with the applicable portion of the Standard for Polymeric Materials — Use in Electridal Equipment
Evaluation, UYL 746C.

47 Battery|Replacement Test

47.1 The bpttery connections of a product shall withstand repeated removal and replacement from the
battery termipals without any reduction in contact integrity. Primary batteries are to be subjegted 50 cycles
of removal and replacement and secondary batteries to 10 cycles.

47.2 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 shall then comply with the requirements
in the Normal Operation Test, Section 26.

48 Drop Test
48.1 As a result of being dropped onto a hardwood floor, as described in 48.2, the electrical spacings

within a portable cord-connected high-voltage product shall not be reduced below the limits specified in
23.2 — 23.5. No high-voltage live parts shall be exposed; see 5.2.4 and 5.2.5.

48.2 A sample of the product is to be dropped four times from a height of 3 feet (0.9 m) onto a hardwood
floor. If it has corners, it is to be dropped on a different corner each time, selecting the corners that appear
to be most susceptible to damage. If the product has no corners, it is be dropped on the four portions
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which appear to be most susceptible to damage. If the product is intended to use internally mounted
batteries, the batteries are to be in place for this test.

48.3 Following the test described in 48.2, the product is to be wrapped in bleached cheesecloth having
an area 14 — 15 square yards to the pound (26 — 28 m?kg) and having a count of 32 by 28, and then
energized for 3 hours at rated voltage in accordance with Table 25.1. There shall not be molten metal or
flame emitted from the unit, as evidenced by ignition or charring of the cheesecloth. The product shall also
comply with the requirements in the Dielectric Voltage-Withstand Test, Section 41.

49 Strain Relief Test

cord

49.1

Suppl)

49.1.1 Whep tested as described in 49.2, the strain relief means provided on the(flexible cord shall

withstand for
this test the ¢

49.1.2 A 35
the strain reli
shall not be
internal conn

49.2.1 Each
minute withou

50 Ignition

50.1 Gener,

50.1.1 Both
constructions|

50.1.2 Thes
fault does not

50.2 Hot, flaming.oil

]:Ictions.

49.2 Field-wiring leads

1 minute without displacement, a pull of 35 pounds-force (156 N) appliedito the
bnnections within the product are to be disconnected.

Lpound (15.88-kg) weight is to be secured to the cord and supported by the pr
bf means will be stressed from any angle that the construction’of the product ps
ovement of the cord sufficient to indicate that stress would have been trang

lead used for field connections shall withstand a pull of 10 pounds-force (4
t evidence of damage or transmittal of stress to the internal connections.

Through Bottom-Panel Openings-Tests
al

of the bottom-panel constructions described in 7.3.2 are not required to be {
are capable of beingwused when they pass the test described in 50.2.

e tests do not.apply to low-voltage power limited products or to products in whig
produce flame, molten metal, flaming or glowing particles, or flaming drops.

cord. During

bduct so that
brmits. There
mitted to the

4.5 N) for 1

ested. Other

h an internal

50.2.1

Openings in a bottom panel shall be so arranged and sufficiently small in size and few in number

that hot, flaming No. 2 furnace oil poured three times onto the openings from a position above the panel is
extinguished as it passes through the openings.

50.2.2 A sample of the complete, finished bottom panel is to be securely supported in a horizontal
position several inches above a horizontal surface under a hood or other area that is well-ventilated but
free from drafts. One layer of bleached cheesecloth having an area of 14 — 15 square yards to the pound
(26 — 28 m?/kg) and a count of 32 by 28 is to be draped over a shallow, flat-bottomed pan of sufficient size
and shape to completely cover the pattern of openings in the panel but is not to be large enough to catch
any of the oil that runs over the edge of the panel or otherwise does not pass through the openings. The
pan is to be centered under the pattern of openings in the panel. 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 personal injury or damage due to splattering of the oil.
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50.2.3 A small metal ladle [preferably not 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 partially filled
with 10 milliliters (ml) of No. 2 furnace oil, which is a medium-volatile distillate having an API gravity of 32 —
36 degrees, a flash point of 43 — 88°C (110 — 190°F), and an average calorific value of 136,900 Btu per
gallon (39.7 MJ/1) (see Specifications for Fuel Oils, ASTM D396-92). The ladle containing the oil is to be
heated and the oil ignited. After burning for 1 minute, all 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 milliliters per
second in a steady stream onto the center of the pattern openings.

50.2.4 Five minutes after completion of the pouring of the oil, the cheesecloth is to be replaced with a
clean piece and a second 10 ml 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

cheesecloth

51 Mechar
511 The ¢
circuits shall
that spacingg
in the enclog
low-voltage |
hemisphere.
requirements

51.2 The €
subjected to

51.3 The €
circuits shall
spacings are
the enclosur

shall not ignite as a result of any of the three pourings.
ical Strength Tests for Enclosures

kternal enclosure of a product containing high-voltage circuits or_other than

withstand a force of 25 pounds (111 N) for 1 minute without permanent distortior
are reduced below the values specified in 23.2 — 23.5 withoutytransient distortig
ure contacting live parts, and without causing openings Which expose uninsu
ve parts. The force is to be applied by the curved sideof a 1/2 inch (12.7 mm) ¢
Any openings that occur during application of the force are to be evaluated ac
specified in 5.2.4 and 5.2.5.

xternal enclosure of a product containing only low-voltage power-limited cir
the test in 51.1, except that the applied force'is to be 10 pounds (44 N).

kternal enclosure of a product containing high-voltage circuits or other than
withstand an impact of 5 foot-pounds (6.78 J) without permanent distortion to t
reduced below the values specified in 23.2 — 23.5, without transient distortion
e contacting live parts, and without causing openings that expose uninsulated

voltage live parts. The impact is to be applied by means of a solid, smooth, steel sphere 2

mm) in diani

eter and weighing approximately 1.18 pounds (0.54 kg) falling freely from r

vertical dist

nce of 51 inches-(1:31 m). Any openings resulting from the impact are to

according to the requirements specified in 5.2.4 and 5.2.5.

514 The

ternal enclosure of a product containing only low-voltage power-limited cir

subjected to|the test described in 51.3, except that the impact is to be 2 foot-pounds (2.

sphere is to

Il freely from rest through a vertical distance of 20-13/32 inches (0.51 m).

power-limited
to the extent
n that results
ated high- or
iameter steel
cording to the

Cuits is to be

power-limited
he extent that
that results in
high- or low-
inches (50.8
bst through a
be evaluated

cuits is to be
7 J), and the

52 Special
52.1

52.1.1

Terminal Assemblies Tests

General

of the terminal assembly shall comply with the requirements specified in 52.3.1 — 52.6.2.

To determine compliance with the requirements in 12.2.2.1 and 12.2.2.2, representative samples

Exception: Terminals complying with the requirements in any of the standards specified in 12.2.1.2 are not
required to be subjected to these tests.
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52.2 Disconnection and reconnection

52.2.1

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

is to be subjected to 20 alternate disconnections and reconnections prior to the tests specified in 52.3.1 —

52.6.2.

52.3 Mechanical secureness

52.3.1

A terminal connection shall withstand, without separating from the wire, the application of a

straight pull of 5 pounds-force (22.2 N), applied for 1 minute to the wire in the direction which would most

likely resultin

pullout.

52.3.2 Sixt
be subjected
accordance W
pull on the wi

52.4 Flexin

52.4.1 The

5242 Sixt
be subjected
3 pounds-forg
each wire is

terminals usir

erminal assemblies using the maximum wire size and six using the minimum’ Wi
to this test. If a special tool is required to assemble the connection .if is"to
ith the manufacturer's instructions. Each sample is to be subjected tosa gradua
e until the test pull of 5 pounds-force (22.2 N) is reached.

j test
vire attached to a terminal shall withstand five right-angle bends without breakin

brminal assemblies using the maximum wire size @nd’six with the minimum wi
to this test. The terminal is to be rigidly secured.to.prevent any movement. With
e (13.3 N) tension and held at a point 3 inches.(76.2 mm) from the terminal-to-
o be bent at a right angle from its nominalposition. The wires are to be asse
g any special tool required, according to the manufacturer's instructions.

52.5 Millivqglt drop test

52.5.1 The
intended to b
manufacturer

5252 Six t
sizes are to
terminals, us

millivolt drop across a terminhal connection using the maximum and minimu
e used shall not be greater than 300 millivolts with the maximum current spg
flowing through the terminal connections and the circuit connected to rated volt3

brminal assemblies’ using the maximum wire sizes and six assemblies using
be connected, in“series and subjected to this test. The wires are to be asse
ng any special tool, if required, according to the manufacturer's instructions.

drop then is td be measured by using a high impedance millivoltmeter.

52.6 Temps

rature test

re size are to
be used, in
ly increasing

.

e size are to
each wire in
vire juncture,
mbled to the

n wire sizes
cified by the
ge.

he minimum
mbled to the
The millivolt

52.6.1 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).

52.6.2 Six terminal assemblies using the maximum wire size and six using the minimum size are to 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.
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53 Attack Test

53.1 An antitheft device, as defined in 1.3, shall resist for at least 5 minutes an attack that would defeat
its purpose. See 53.5.

53.2 Any disassembly of the protected property required to make it removable, is to be included in the 5
minutes of an attack test.

53.3 The tools used in the test are to include hammers, chisels, adjustable wrenches, pry bars, punches,
and screwdrivers. The hammers are not to exceed 3 pounds (1.36 kg) in head weight, and no tool is to

exceed 18 inches (457 mm) in length.

534 Thep
performed by

53.5
2 minutes.

54 Residential Security Container

54.1

5411 Ale
the Standard
Standard for
High-Securit

54.2 Attac

5421 Are
make a han
54.2.5.

54.2.2 Ah3
or an openin

54.2.3 Sev
against the @
cause its def

If the attack would cause an audible alarm to operate, the duration of the.attack may

Locks

foduct under test is to be mounted securely in its intended position, and the_3
one operator.

el | residential security container shall be provided with a combination lock c
for Combination Locks, UL 768, for Group 2, 2M, 1, or 1R; with a key lock comg
Key Locks, UL 437, for locking cylinders~or two-key locks; the Outline of Iny
Electronic Locks, UL 2058; or with other means that have been determined to

K test — Attack level |

sidential security container-ghall resist for a period of 5 minutes an attempt to op
I hole size opening in a@ny*surface of the container using the tools specified

nd hole size opening is defined as an opening that is 4 inches (102 mm) in diam
j through which.a 4 inch diameter sphere would pass.

bral separate attacks may be conducted against the container. The attacks are
oor, the body, the locking and boltwork mechanism, and any part of the contai
bat.

ttack is to be

be reduced to

bmplying with
lying with the
estigation for
e equivalent.

bn the door or
n 54.2.4 and

eter or larger,

o be directed
her that could

54.2.4 The hand tools to be used in the attack tests may include hammers, chisels, pry bars, punches,
screwdrivers, and wrenches (adjustable, socket and fixed open and closed-end type). The hammers are
not to exceed 3 pounds (1.36 kg) in head weight, and no hand tool is to exceed 18 inches (457 mm) in
length.

54.2.5 The power tool that may be used in the attack tests is a variable speed electric drill with carbide
tip and high speed drill bits not exceeding 1/4 inch (6.4 mm) diameter.

54.2.6 The container is to be positioned as intended for use, and the attack performed by one operator
who is familiar with its construction. If the container is constructed to be physically attached to the building
structure or the like when in use, it is to be installed as intended for the attack test.
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54.2.7 Three residential security containers that are portable shall be subjected to drop tests consisting
of two drops each in accordance with 54.2.8, from a height of 3.3 ft (1 m) (tolerance is 0.4 inches or 1 cm)
onto a slab of concrete.

Exception: Units weighing less than 750 pounds that are provided with anchoring installation instructions
and physical means for anchoring.

54.2.8 Drop tests shall be conducted on all sides of the security container and on all corners of the
security container.

54.2.9 As aresult of the drops the residential security container lid or door shall not be ajar or any part of

the container |mp9|rnr1 to-the pnlni’ where the sact |r|+\J/ ofthe device-is r\nmprnmlenrl_

54.3 Attackl test — Attack level Il

54.3.1 Ana
with anchor H
the safe is to

5432 Ana
Standard for
requirements

54.3.3 Ana
square cm) o

tack level Il security container shall weigh at least 750 pounds (340.kg), or shall
ardware and instructions for anchoring to a permanent surface orto the prem
be located.

tack level Il security container shall be equipped with a combination lock comp
Combination Locks, UL 768, for Group 2M, or with-ah electronic lock compl
of the Outline of Investigation for High-Security EleCtrenic Locks, UL 2058.

tack level Il security container shall resist opening the door or making a 6 squg
pening through the door or body when attacked using the tools outlined in 54

be equipped
ses in which

ying with the
ying with the

re inch (38.7
3.4 for a net

working time pf 10 minutes.

54.3.4 The {est equipment may include:
a) Any common hand tools;

b) Picking tools;

c¢) Portable mechanical and*electric tools;

d) Gripding points;

e) High-speed-and carbide drills not exceeding 1/2 inch (12.7 mm) diameter; and

f) Pregsure-applying devices or mechanisms.

54.3.5 The testing party shall consist of two experienced operators under the supervision of a test
director. The testing party shall be familiar with the construction of the safe being tested.

54.4 Attack test — Attack level Il

54.41 An attack level Ill security container shall weigh at least 750 pounds (340 kg), or shall be
equipped with anchor hardware and instructions for anchoring to a permanent surface or to the premises
in which the safe is to be located.

54.4.2 An attack level Il security container shall be equipped with a combination lock complying with the
Standard for Combination Locks, UL 768, for Group 1, or with an electronic lock complying with the
requirements of the Outline of Investigation for High-Security Electronic Locks, UL 2058.
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54.4.3 An attack level lll security container shall resist opening the door or making a 2 square inch (12.9
square cm) opening entirely through the door or body when attacked using the tools specified in 54.4.4 for
a net working time of 10 minutes.

54.4.4 The

test equipment may include:

a) Any common hand tools;

b) Pic

king tools;

c) Portable mechanical and electric tools;

d) Gri
e) Hig
f) Pre
g) Ab
h) Po

5445 The
director. The

MANUFACT
55 Genera

55.1 The 1
program sha
Production U

record shall he maintained of accepted tits and their serial numbers or equivalent.

56 Produc

56.1 Each

rling pnin’rc;

h-speed and carbide drills not exceeding 1/2 inch (12.7 mm) diameter;
5sure-applying devices or mechanisms;

rasive cutting wheels; and

Ver saws.

testing party shall consist of two experienced operators under the supervis
testing party shall be familiar with the construction<f the safe being tested.

URING AND PRODUCTION TESTS - ALL HIGH-VOLTAGE PRODUCTS

hanufacturer shall provide the necessary production control, inspection an
| include at least the Production:Line Dielectric Voltage-Withstand Test, Sectio
ine Grounding Continuity. Test for High-Voltage Cord-Connected Products, §

Y

ion Line Dielectric:Voltage-Withstand Test

product rated\at”more than 30 volts AC rms (42.4 volts DC or AC peak) sh

without brea
potential of

parts and thg enclosure, between high-voltage live parts and exposed dead metal parts, and
parts of circujts opérating at different potentials or frequencies. The test potential is to be:

kdown, as)a routine production-line test, the application of an essentially 3
frequengy within the range of 40 — 70 hertz, or a DC potential, between hig

ion of a test

d tests. The
n 56, and the
bection 57. A

all withstand,
inusoidal AC
h-voltage live
between live

a) Either 1000 volts (1414 volts, if a DC potential is used) applied for 60 seconds or 1200 volts
(1697 volts, if a DC potential is used) applied for 1 second, for a product rated at 250 volts AC rms
orless.

b) Either 1000 volts plus twice the rated AC rms voltage (1414 volts plus 2.828 times the rated AC
rms voltage, if a DC potential is used) applied for 60 seconds or 120 volts plus 2.4 times the rated
voltage (1697 volts plus 3.394 times the rated AC rms voltage, if a DC potential is used) applied for
1 second, for a product rated at more than 250 volts.

56.2

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 maintenance of the specified AC test potential, the product is to

be tested usi

ng a DC test potential in accordance with 56.1.
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56.3 A printed wiring assembly or other electronic circuit component that would be damaged by the
application of, or would short-circuit due to the application of, the test potential, is to be removed,
disconnected, or otherwise rendered inoperative before the test. A representative subassembly may be
tested instead of an entire product. Rectifier diodes in the power supply may be individually shunted before
the test to avoid destroying them in the case of a malfunction elsewhere in the secondary circuits.

56.4 A 500 volt-ampere or larger transformer, the output voltage of which can be varied, is to be used to
determine compliance with 56.1. The requirement of a 500 volt-ampere or larger transformer may be
waived if the high potential testing equipment used is such that it maintains the specified voltage at the

product during the test.

56.5 The te

st equipment described in 56.1 is to include a visible indication of the applicati

n of the test

potential and
reset of an e
arrangements

57 Product

571 The m
cord terminat
product and tl

57.2 This te
such units ths

57.3 Anind
like, may be U

57.4
to the frame
blade of the s
the requirems
MARKINGS -
58 Details

58.1 Except

an audible or visible indication, or both, of breakdown. In the event of breakd
ternal switch is required, or an automatic reject of the product under test-is to
may be used if determined to achieve the results contemplated.

anufacturer shall test each cord-connected high-voltage product that has a
ng in an attachment plug using a grounding pin to verify,electrical continuity
ne grounding blade of the attachment plug. See Bonding for Grounding, Section

st also is required for permanently connected units; sections or both and for a
t derive high-voltage power by means of cord ‘@nd plug connection.

cating device, such as an ohmmeter, low-voltage battery- and buzzer-combing
sed in establishing compliance with these requirements.

If the initial investigation of the product(determines that internal parts described in 17.]

hnd enclosure of the unit, a test that verifies the electrical continuity between t
upply and the frame or enclosure of the product is sufficient for establishing corn
ntin 57.1.

- ALL PRODUCTS

wherexotherwise indicated, an antitheft alarm or device shall be plainly and

pwn, manual
result. Other

on Line Grounding Continuity Test for High-Voltage, Cord-Connected Products

bower-supply
between the
17.

ccessories of

tion, and the

| are bonded
ne grounding
npliance with

permanently

marked, Wherle such marking is readily visible after installation, with the following information:

a) Manufacturer's or private labeler's name or identifying symbol.

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

c) Model number or equivalent.

d) Electrical ratings:

1) AC Powered Units — Rated voltage; amperes, watts or volt-amperes; and frequency.

2) Battery Powered Units — Rated voltage, and type and number of batteries to

e) Mounting position, if a product is intended to be mounted in a specific position.

be used.
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