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INTRODUCTION

1 Scope

1.1

These requirements apply to the construction, performance, and operation of burglary-resistant

electric locking mechanisms and their related devices, such as control units, control switches, and power
supplies, and the like used to secure and release doors.

1.2 A burglary-resistant electric locking mechanism shall be rated according to the three elements used

to determine

a) S
poun

b) Dy

its maximum effectiveness:

tati

js-force (6673 N). See 55.2.1.

hamic strength rating of 33 foot-pounds-force (45 J), 50 foot-pounds-force-(68

pounds-force (95 J). See 55.3.1.

c)En

A burglary-re
strength, ang

1.3 Aburgl
control syste
constructed §

jurance rating of 100,000 or 250,000 cycles. See 38.2.1.

sistant electric locking mechanism shall be rated with its maximum static stre
endurance.

ary-resistant electric locking mechanism is intended to be used in conjunction W
M or a manual-release mechanism. A burglary-resistant electric locking mecha
o that it either does not interfere with egress _through the door or other opening

used to contiol, or its locking action shall be capable of(being released as required by the au

jurisdiction if

1.4 These
assembly.

an emergency egress is required.

requirements do not pertain to the fire-retardant classification of a door and rel

1.5 The teqm "product" as used in this standard refers to all types of burglary-resistant e

mechanisms|

1.6 A prodyct that containg-features, characteristics, components, materials, or systems ng

from those ¢
or injury to
requirements
product whd
requirements

bvered by thexrequirements in this standard, and that involves a risk of fire or of
personsc¢shall be evaluated using appropriate additional component and
to maintain the level of safety as originally anticipated by the intent of this
se features, characteristics, components, materials, or systems conflict
orprovisions of this standard does not comply with this standard. Revision of

N), or 1500

), or 70 foot-

gth, dynamic

ith an access
nism shall be
cover that it is
thority having

basing-device

ectric locking

w or different
electric shock
end-product
standard. A
with specific
requirements

shall be pro
implementati

pn| A -ad P~ B £ H S ol ] A f, A | 1 $
LCUuU diiu GUUVLCU mrourmurimranrivcec Wit urc 1micuivuo UIII'JIUyUU TUI1 UUVUIU'JIIIUIIL,

on of this standard.

2 Components

2.1

revision, and

Except as indicated in 2.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Appendix A for a list of standards covering components generally

used inthe p

roducts covered by this standard.

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

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

b) Is superseded by a requirement in this standard.
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2.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

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

3 Units of Measurement

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

3.2 Unless ¢therwise indicated, all voltage and current values mentioned in this standard\are root-mean-
square (rms).

4 Undated References

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

5 Glossary
5.1 For the purpose of this standard the following definitions-apply.

5.2 CIRCUITS, ELECTRICAL —

a) High-Voltage (Class 1) — A circuit involving a potential of not more than 600 volts and having
circuit|characteristics in excess of those ofia low-voltage, power-limited circuit.

b) Low-Voltage — A circuit involving\a. potential of not more than 30 volts AC rms, 42.4 volts DC or
AC peak.

c) Power-Limited — A circuit whose output is limited as specified in Power-Limited Cir¢uits, Section
30.

d) Clgss 2 — A cireuit in which the voltage and power limitations are in accordaphce with the
requirements of/Table 30.1 for AC circuits and Table 30.2 for DC circuits.

e) Clgss 3=—A circuit in which the voltage and power limitations are in accordahce with the
requirements of Table 30.1 for AC circuits and Table 30.2 for DC circuits.

5.3 CORD-CONNECTED PRODUCT - A product intended for connection to the power source by means
of a supply cord. By the nature of its design, such a product is intended to be moved for interchange or
realignment of the component of a system.

5.4 ELECTRIC LOCKING MECHANISM — An electrically-operated door strike, dead-bolt, or the like.

5.5 ELECTROMAGNETIC LOCK — An electrically-powered lock using an electromagnet magnetically
coupled to an armature to provide locking power.

5.6 LINE-VOLTAGE — The voltage at any field connected source of supply, nominally 50-60 hertz (Hz);
115, 208, or 230 volts.

5.7 PRIMARY BATTERY — Any battery which, by construction, is not intended to be recharged.
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5.8 SECONDARY BATTERY — Any battery which, by construction, is intended to be recharged.

5.9 STANDBY CONDITION — The ready-to-operate condition which exists prior to being operated to

unlock.

CONSTRUCTION

ASSEMBLY

6 General

6.1

6.1.1 The product shall be factory-built as a complete assembly and shall include’ all
components |necessary for its intended function when installed (used) as intended. The pr
shipped fro

6.1.2 If thg product is not assembled by the manufacturer as a complete’unit, it shall b
major subasgemblies. Each subassembly shall be capable of being incorporated into a fi
without requiring alteration, cutting, drilling, threading, welding, or,similar tasks by the ins
more subasgemblies, which must bear a definite relationship to€ach other for the correct
operation of |the product, shall be arranged and constructed o’ permit them to be incorpo
complete assembly only in the intended relationship withxeach other without need for
alignment, such subassemblies shall be assembled, tested, and shipped from the fg
element. However, this requirement does not apply to thetalteration, cutting, drilling, threadin
similar tasks|by the installer on the door, door jamb, or'the like to install and mount the prod
its intended function.

6.2 Electri¢al protection

6.2.1 Louv
unintentional
requirement,
unless tools

rs and other openings in"an enclosure shall be constructed and located to red
contact with uninsulatéd high-voltage live parts. In determining complia
parts such as covers; panels, and grilles used as part of the enclosure are tg
hre required for their removal or an interlock is provided.

6.2.2 Uningulated high=voltage live parts shall be located, covered, or enclosed as indical
6.2.5.
6.2.3 Openiings directly over uninsulated high-voltage live parts shall not exceed 0.187 inch

!

the essential
bduct may be

the factory as two or more major subassemblies. See the subassembly requirementin 6.1.2.

b arranged in
nal assembly
taller. Two or
installation or
rated into the
alteration or
ctory as one
g, welding, or
ict to perform

ce the risk of
ce with this
be removed

kted in 6.2.3 —

(4.75 mm) in

any dimensiéa—taniess—the—<cot |f;EU|at;un plcvcnto direeter |t|_y to—uninsutated hlgh vu:tayc T
complies with the requirements of 6.2.4 or 6.2.5. See Figure 8.2 for examples of top cover
that may be considered to prevent direct entry.

five parts and

constructions

6.2.4 An opening in an electrical enclosure that does not permit entrance of a 1-inch (25.4-mm) diameter
rod shall be sized and arranged so that a probe, as illustrated in Figure 6.1, cannot be made to contact any
uninsulated live electrical part (other than low-voltage) when inserted through the opening in a straight or

articulated position.

6.2.5 An opening that permits entrance of a 1-inch (25.4-mm) diameter rod may be us
condition described in Figure 6.2.

ed under the
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Figure 6.1
Probe

234mm

154mm

136mm

100mm

96mm

90mm

BOmm

SIDE VIEW

.0Smm —e=y

]

h
RADIUS ——|H -05mm

HIGH IMPACT POLYSTYRENE
ARTICULATE PROBES ARE
AVAILABLE FROM UNDERWRITERS
LABORATORIES INC.

C1005-1

PLAN VIEW

SECTION A-A 10

20mm

SECTION B-B
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Figure 6.2

Openings in enclosure

7

7

ENCLOSURE OPENING

SECTON A-A

A < / /7777777

g

\ /

AN Y
DS ~

LVE PART __~in

SECTION B-B
SN 1777777777

\ /
\ /
AN b

N~ —~

~_1

LIVE PART __~i

EC100A

The opening is not prohibited from being used when, within the enclosure, there is no uninsulated live metal part or film-coated wire
less then X inches (mm) from the perimeter of the opening, as well as within the volume generated by projecting the perimeter X
inches normal to its plane. X equals five times the diameter of the largest diameter rod that is capable of being inserted through the

opening, and not less than 6-1/16 inches (154 mm).
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7 Protection of Service Personnel

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

7.2 During the examination of a product in connection with the requirements specified in 7.1, a part of the
outer enclosure which may be removed without the use of tools, or part of the outer enclosure which may
be removed by the user to allow access for making intended operating adjustments, is to be disregarded;

that is, it will not be assumed that the part in question reduces the risk of electric shock.

7.3 An elegirical-component—which-mav-reguire—examination—replacement—adiustment
. 1 Y | T 5 T T 7

servicing, or

maintenance
and to ground
of electric shd

7.4 The follg

a) Coi
with in

b) Terminals and splices with insulation rated for the potentialjencountered; and

c) Insy

8 Enclosures

8.1 Genera

8.1.1
collapse and
Mechanical S

8.1.2 Oper
enclosed to p
operation.

8.1.3 Anen

emission of flame,\molten metal, flaming or glowing particles, or flaming drops. See Igni

Bottom-Pane

The flame and enclosure of a productshall have the strength and rigidity to resist t

with the product energized shall be located and mounted with regard to other,
ed metal so that it is accessible for such service without subjecting the servicem
ck from adjacent uninsulated high-voltage live parts.

wing are not considered to be uninsulated live parts:

s of relays and solenoids, and transformer windings, if the«coils and windings
sulating overwraps rated for the potentials encountered;

lated wire.

he attendant reduction of spacings, loosening or displacement of parts, or other|
trength Tests for Enclosures, Section 49.

hting parts, such-as* gear mechanisms, light-duty relays, and similar devid
rotect against malfunction from dust or from other material which may impair t

Closurelcontaining other than power limited circuits shall be constructed to redu

Qpenhings, Section 48.

components
an to the risk

are provided

btal or partial
defects. See

es, shall be
heir intended

ce the risk of
ion Through

8.1.4 The requirement specified in 8.1.3 necessitates either a nonflammable bottom as specified in
8.4.2, or a barrier as described in Figure 8.1 under all areas containing combustible materials. However,
see 8.4.3 for further specifications.
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Figure 8.1

Barrier outline

a) The entire co d b : RoR bustble material is to
be provided. The sketch above is of a metal enclosed component with ventilating openlngs to show that the barr|er is required only
for those openings from which flaming parts might come. If the component or assembly does not have its own noncombustible
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 noncombustible material, or if the horizontal extension of the barrier (B) to (D) would
exceed 6 inches (152 mm).

d) Minimum outline of the barrier, except that the extension (B) — (D) need not exceed 6 inches (flat or dished with or without lip or
other raised edge). The bottom of the barrier may be flat or formed in any manner if every point of area (D) is at or below the lowest
point on the outer edge of the barrier.
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8.1.5 A construction using individual barriers under components, groups of components or assemblies,
as specified in Figure 8.1, is to be considered as complying with the requirement specified in 8.1.3.

8.2 Product enclosure mounting
8.2.1 An enclosure shall have means for mounting that shall be accessible without disassembly of any
operating part of the product. Removal of a completely assembled panel to mount the enclosure may be

performed.

8.3 Doors and covers

8.3.1 An ernctostre—cover—shattbe hillycd, a:;d;lly, Ot D;III;:al:y attached—so—as—to prev ent its being

removed if:

a) It gjves 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 product.

8.3.2 Fasteners requiring the use of a tool or key shall be used for all ghclosures if access i4 not required
for operation pf the product.

8.4 Encloslire openings
8.4.1 Open|ngs in the enclosure shall be constructed @nd of such size so that direct enfry of foreign

objects is prgvented. See also 6.2.3. See Figure 8.2.for examples of top cover constructfons that are
considered tg prevent direct entry. See also Figure 8.3'for examples of side openings.
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Figure 8.2

Cross sections of top cover designs

—

500

SLANTED OPENINGS

LLL

VERTICAL OPENINGS
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Figure 8.3

Louvers

INSIDE OUTSIDE

8.4.2 Open
classified as
Materials for
falling directly
product. Figu
that complies
(2.0-mm) ma
center. Other
Section 48.

|
OUTWARD PROJECTION

INSIDE OUTSIDE

EC510 INWARD, PROJECTION

ngs may be provided in the bottem panels or in pans under areas containing
V-1 or less flammable, in acegrdance with the Standard for Tests for Flammab
Parts in Devices and Appliances, UL 94, if constructed so that materials are pr
from the interior of the product onto the supporting surface of any other locati
Fe 8.4 illustrates a type of baffle that complies with this requirement. A second
with this requirement is a 0.040-inch (1.02-mm) sheet-steel bottom panel in wh
imum diameterround holes are spaced not closer together than 1/8 inch (3.2 m
constructions*may be used if they comply with Ignition Through Bottom-Pan

materials not
lity of Plastic
bvented from
on under the
construction
ich 5/64-inch
m) center-to-
el Openings,
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Figure 8.4
Baffle

2X BUT NEVER LESS

</THAN 1"(25.4mm)
_»

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF MACHINE)

—i] X< |———

BOTTOM OF MACHINE
EC515

8.4.3 The pottom of the enclosure underiareas containing only materials classified ag V-1 or less
flammable, may have openings not largerthan 1/16 square inch (40.3 mm?).

8.4.4 Openjngs may be used, without limitation on size or number, in areas containing:
a) Only PVC, TFE, CTEE) FEP, and neoprene-insulated wire or cable;
b) Plygs and receptacles; and

¢) Ungerneath impedance-protected or thermally-protected motors.

8.4.5 Openings in the enclosure shall not give access to any relays, terminals, contrdls, or related
components that might be subject to tampering by hand or with tools.

8.5 Screens and expanded metal

8.5.1 Screens and expanded metal used as a barrier, enclosure or part of an enclosure, shall comply
with the requirements specified in 8.5.2 and 8.5.3 and with the Mechanical Strength Tests for Enclosures,
Section 49.

8.5.2 Perforated sheet steel and sheet steel used for expanded metal mesh shall not be less than 0.042
inch (1.07 mm) thick [0.045 inch (1.17 mm) if zinc coated] if the mesh openings or perforations are 1/2
square inch (323 mm?) or less in area, and shall not be less than 0.080 inch (2.03 mm) thick [0.084 inch
(2.13 mm) if zinc coated] for larger openings. The largest dimension shall not exceed 4 inches (102 mm).
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Exception: If the indentation of a barrier or the enclosure will not alter the clearance between uninsulated
live parts and grounded metal so as to impair performance or reduce spacings below the minimum
required values, see General (Spacings), Section 24, 0.020 inch (0.53 mm) expanded steel mesh or
perforated sheet steel [0.023 inch (0.58 mm) if zinc coated] may be used if:

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

b) The width of the covered opening is not greater than 3-1/2 inches (89 mm).

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

8.6 Cast metal
8.6.1 The thickness of cast metal for an enclosure shall be as specified in Table 8:1.

Exception: Cast metal of lesser thickness may be used if consideration has\béen given to thg shape, size,
and function pf the enclosure, and it provides equivalent mechanical strength. See Mecharlical Strength
Tests for Enclosures, Section 49.

Table 8.1
Cast-metal electrical enclosures

Minimum thickness, inch (mm)
Cast metal of other than the die-
Use, or dimensions of area involved? Die-cast metal cast typge
Area of 24 squdre inches (115 cm?) or less and 1/16 (1.6) 1/8 (3.2)
having no dimehsion greater than 6 inches (152
mm)
Area greater th@n 24 square inches or having 3/32 (2.4) 1/8 (3.2)
any dimension greater than 6 inches
At a threaded cpnduit hole 1/4 (6.4) 1/4 (6.4)
At an unthreadgd conduit hole 1/8 (3.2) 1/8 (3.2)
@ The area limitgtion for metal 9/46 inch (1.6 mm) thick may be obtained by the provision of reinforcing ribs subdividipg a larger
area.

8.7 Sheet nlletal

8.7.1 The thickness of sheet metal for an enclosure shall not be less than specified in Table 8.2 or Table
8.3, whichever applies.

Exception: Sheet metal of lesser thickness may be used if consideration has been given to the shape,
size, and function of the enclosure, and it provides equivalent mechanical strength. See Mechanical
Strength Tests for Enclosures, Section 49.

8.7.2 A sheet metal member to which a wiring system is to be connected in the field shall have a
thickness of not less than:

a) 0.032 inch (0.81 mm) if of uncoated steel;

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


https://ulnorm.com/api/?name=UL 1034 2020.pdf

JUNE 23, 2020

UL 1034

19

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

Table 8.2
Minimum thickness of sheet metal for electrical enclosures carbon steel or stainless steel

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Minimum thickness in inches (mm)

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

Maximum width,” | Maximum length,® | Maximum width,” | Maximum length, Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) [MSG] [GSG]
4.0 10.2 Not limited 6.25 15.9 Not limited 0.020 (0.51) 0.023 (0.58)
4.75 124 5.75 14.6 6.75 174 8.25 210 [24] | [24]
6.0 1%.2 Not limited 9.5 241 Not limited 0.026 (0.66) 0029 (0.74)
7.0 17.8 8.75 222 10.0 254 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 2.9 11.5 29.2 13.0 33.0 16.0 40.6 [20] [20]
12.5 31.8 Not limited 19.5 49.5 Not limited 0.042 (1.07) 0.045 (1.14)
14.0 3%.6 18.0 45.7 21.0 53.3 25.0 63.5 [18] [18]
18.0 457 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 36.0 914 [16] [16]
22.0 5%.9 Not limited 33.0 83.8 Not limited 0.060 (1.52) 0.063 (1.60)
25.0 63.5 31.0 78.7 35.0 88.9 43.0 109.2 [15] [15]
25.0 63.5 Not limited 39.0 99.1 Not limited 0.067 (1.70) 0.070 (1.78)
29.0 78.7 36.0 91.4 41.0 104.1 51.0 129.5 [14] [14]
33.0 83.8 Not limited 51.0 1295 Not limited 0.080 (2.03) 0.084 (2.13)
38.0 96.5 47.0 119.4 54.0 137.2 66.0 167.6 [13] [13]
42.0 106.7 Not limited 64.0 162.6 Not limited 0.093 (2.36) 0.097 (2.46)
47.0 119.4 59.0 149.9 68.0 172.7 84.0 2134 [12] [12]
52.0 132.1 Not limited 80.0 203.2 Not limited 0.108 (2.74) 0.f11 (2.82)
60.0 192.4 74.0 188.0 84.0 2134 103.0 261.6 [11] [11]
63.0 1¢0.0 Not limjted 97.0 246.4 Not limited 0.123 (3.12) 0.126 (3.20)
73.0 185.4 90.0 228.6 103.0 261.6 127.0 322.6 [10] [10]
@ A supporting frame is a strdcture of angle or channel or a folded rigid section of sheet metal which is rigidly attach¢d to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resisfthe bending
moments whicl) may be applied via the enclosure surface when it is deflected. Construction that is considered to haye equivalent
reinforcing may be‘aseomplished by designs that will produce a structure that is as rigid as one built with a frame of pngles or
channels. Congtruetion considered to be without supporting frame includes:

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

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

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

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
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Table 8.3
Minimum thickness of sheet metal for electrical enclosures aluminum, copper, or brass
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)
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
6.0 15.2 Not limited 14.0 35.6 Not limited
6.5 16.5 8.0 20.3 15.0 38.1 18.0 457 0.036 0.91
8.0 20.3 Not limited 19.0 48.3 Not limited
9.5 241 11.5 29.2 21.0 53.3 25.0 63.5 0.045 1.14
12.0 30.5 Not limited 28.0 711 Not limited
14.0 35.6 16.0 40.6 30.0 76.2 37.0 94.0 0.058 1.47
18.0 457 Not limited 42.0 106.7 Not limited
20.0 50.8 25.0 63.5 45.0 114.3 55.0 139.7 0.075 1.91
25.0 63.5 Not limited 60.0 152.4 Not limited
29.0 73.7 36.0 914 64.0 162.6 78.0 198.1 0.095 2.41
37.0 94.0 Not limited 87.0 221.0 Not limited
42.0 106.7 53.0 134.6 93.0 236.2 114.0 289.6 0.122 3.10
52.0 132.1 Not limited 123.0 3124 Not limited
60.0 152.4 74.0 188.0 130.0 330.2 160.0 406.4 0.153 3.89

& A supporting ffame is a structure of angle or channel or a folded rigid section 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 whicl] may be applied via the enclosure surfacé' when it is deflected. 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 formediflanges (formed edges),
2)|A single sheet which is cortugated 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 rectangular sheet metal piece which is part of an enclosure. Adjacent surfdces of an
enclosure may have supportsdncommon 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 unsupportg¢d side shall
be limited to thq dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mnp) wide.

8.8 Polymericmaterials

8.8.1 Among the factors taken into consideration when determining compliance of a nonmetallic
enclosure are:

a) The mechanical strength;

b) Resistance to impact;

¢) Moisture-absorptive properties;

d) Flammability and resistance to ignition from electrical sources;

e) Dielectric strength, insulation resistance, and resistance to arc tracking; and
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f) Resistance to distortion and creeping at temperatures to which the material may be subjected
under any conditions of use.

All these factors are considered with regard to aging in accordance with the Polymeric Materials Test,
Section 45, and Mechanical Strength Tests for Enclosures, Section 49.

9 Electric Shock

9.1

See Electric Shock Current Test, Section 37.

10 Corrosi
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and the like, if
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yire additional

blectric shock,
ent does not

11.1

by the National Electrical Code, ANSI/NFPA 70.

12 Cord-Connected Products

12.1

Wiring terminals or leads shall be provided for connection of conductors of at least the size required

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

with not less than 6 feet (1.8 m) of flexible cord and a two- or three-prong attachment-plug intended and
rated for connection to the supply circuit.

Exception: The cord may be less than 6 feet in length if it is evident that use of the longer cord:

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

c)lsn

ot required for the intended operation of the product.

12.2 Aflexible cord may be used with a stationary product.

12.3 The flexible cord shall be Type SJ, SJT, or equivalent; minimum 18 AWG (0.82 mm?); and rated for

use at the volt:

age and ampacity rating of the product.

12.4 The power-supply cord shall be provided with strain relief means so that a stress on the cord will not
be transmitted to terminals, splices, or internal wiring. See Strain Relief Test, Section 47.
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Figure 12.1
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13 Permanently-Connected Products
13.1 General

13.1.1 A fixed product shall have provision for connection of one of the wiring systems in accordance
with the National Electrical Code, ANSI/NFPA 70.

13.1.2 A knockout provided for connection of a field-wiring system to a field-wiring compartment shall
accommodate conduit of the trade size indicated in Table 13.1.

Table 13.1
Trade size of conduit in inches (mm OD)
Wire gize, Number of wires®
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3)
12 (3.3) 12 (21.3) 1/2 (21.3) 12 (21.3) 3/4 (26.7) B/4 (26.7)
10 (5.3) 12 (21.3) 12 (21.3) 12 (21.3) 3/4 (26.7) B/4 (26.7)
8 (8.4) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (334) | 1114 (42.3)
6 (13.3) 3/4 (26.7) 1 (33.4) 1 (334) | 1-1/4  (423) | 1H1/4  (42.3)
NOTES

1 Trade size as|in Specifications for Zinc Coated Rigid Steel Conduit, ANS['€80.1.

2 When there afe more than three conductors in a raceway or cable.orwhen there is more than one conduit, tube, of raceway, see
note 8 to Tableg 310-16 — 310-19 of the National Electrical Code, ANSI/NFPA 70.

@ This table is bpsed on the assumption that all conductors are-¢fthe same size and there are no more than six conductors in the
conduit. When ore than six conductors are involved or whenall of them are not of the same size, the internal crosg-sectional
area of the smdllest conduit that is to be used is determined by multiplying by 2.5 the total cross-sectional area of th¢ wires, based
on the cross-s;:tional area of Type THW wire.

13.1.3 A terminal box or compartment in which power supply connections are to be made shall be
located so that the connections are accessible without removing parts other than a service cpver or panel
and the covel of the outlet box or,eompartment in which the connections are made.

13.1.4 A tefminal compartment intended for the connection of a supply raceway shall be secured in
position and ghall be prevented from turning.

13.1.5 The product shall be provided with field-wiring terminals or leads for the connection ¢f 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.

13.2 Field-wiring terminals
13.2.1 General

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

13.2.1.2 A field-wiring terminal shall comply with the requirements in the Standard for Wire Connectors,
UL 486A-486B, or the Standard for Equipment Wiring Terminals for Use With Aluminum and/or Copper
Conductors, UL 486E, or the field-wiring requirements (Code 2) in the Standard for Terminal Blocks, UL
1059, or the field-wiring requirements in the Standard for Electrical Quick-Connect Terminals, UL 310, or
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13.2.2.1 — 13.2.2.5. The current-carrying parts shall be silver, copper, a copper alloy, or a similar
nonferrous conductive material. Securing screws and the like may be plated steel.

Exception: Equipment provided with quick-connect terminals intended for field termination of electrical
conductors to the equipment and complying with UL 310 shall be provided with strain relief. The
installation instructions shall include instructions for effecting the strain relief and references to the specific
connectors to be used.

13.2.1.3 A field-wiring terminal shall be prevented from turning or shifting in position. This may be
accomplished by means such as:

a) Two screws or rivets;

b) Sqpare shoulders or mortises;

c) A dowel pin, lug, or offset; or

d) A donnecting strap or clip fitted into an adjacent part.

Friction betwgen surfaces may not be used for preventing movement of the-terminals.

13.2.2 General application

13.221 N
(8.4 mm?) an
less than 0.0

13.222 A
be smaller th

Exception: A
smaller cond|
mm?) or sma

13.2.2.3 Fd
smaller wireg

bnferrous soldering lugs or solderless (pressuré):wire connectors shall be use
d larger wires. If the connectors or lugs are secured to a plate, the plate thicknes
0 inch (1.27 mm). Securing screws may be.plated steel.

vire binding screw intended for connegtion of the power supply (line voltage) so
an No. 10 (4.8 mm diameter).

No. 8 (4.2 mm diameter) screw may be used for the connection of one 14 AWG
Lictor, and a No. 6 (3.5 mm,diameter) screw may be used for the connection of g
ler conductor. The screw may be of plated steel.

r connection of-other than power supply (line voltage) circuits using 10 AWG (
, a wire binding-screw shall not be smaller than No. 8 (4.2 mm diameter), excef

(3.5 mm dia
andaNo. 4

eter) screw.may be used for the connection of a 14 AWG (2.1 mm?) or smal
.8 mmydiameter) screw may be used for 19 AWG (0.65 mm?) or smaller condud

d for 8 AWG
s shall not be

urce shall not

(2.1 mm?) or
16 AWG (1.3

5.3 mm?) and
t that a No. 6
er conductor,
tor.

13.2.2.4 Terminal plates tapped for a wire binding screw shall:

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

b) Be of a nonferrous metal not less than 0.050 inch (1.27 mm) thick for a No. 8 (4.2 mm diameter)
or larger screw, and not less than 0.030 inch (0.76 mm) thick for a No. 6 (3.5 mm diameter) or
smaller screw.

13.2.2.5 If two or more conductors are intended to be connected by wrapping under the same screw, a
nonferrous intervening metal washer shall be used for each additional conductor. A separator washer is
not required if two conductors are separated and intended to be secured under a common clamping plate.
If the wires protrude above terminal barriers, the nonferrous separator shall include means, such as
upturned tabs or sides, to retain the wire.
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13.2.3 Qualified application

13.2.3.1  Any of the following terminal configurations may be used for connection of field wiring if all of the
conditions specified in 13.2.3.2 are complied with.

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

b) Solderless Wrapped Terminals — Solderless wrapped nonferrous terminals which require a
special tool and terminal post design.

¢) Quick Connect Termlnals - Nonferrous qwck connect (push type) termlnals con3|st|ng of male
. - pnnectors for
nals shall be

ed on some
ype contacts.
nsion on the
ing adjacent to

the tegqminal shall indicate that copper conductors only are to be used.
e) Solder Terminals — Conventional nonferrous solder terminals.

f) Other Terminals — Other terminal connections may be. used if found to be equivalent to (a) — (e)
and limited to the same restrictions.

13.2.3.2 Any of the terminal configurations listed in.13:2.3.1 may be used for connection of|field wiring if
they comply with all of the following conditions:

a) If g special tool is required for connection, its use shall be indicated on the instdllation wiring
diagrgm by name of manufacturerrand model number or equivalent, along with infofmation as to
where|the tool may be obtained.

b) The¢ range of wire sizes_shall be indicated on the installation wiring diagram. Tlhe minimum
permigsible wire size tobelised shall not be less than 22 AWG (0.32 mm?).

c) Thg wire size to be Used shall have the current-carrying capacity for the circuit appli¢ation.

d) The terminal configuration shall comply with the requirements of the Speg¢ial Terminal
AssembliesTests, Section 50.

Exception: Terminats-complyfng-with-the-requfrementsta-any-of the-standards-spectffed#13.2.1.2 are not
required to be subjected to the Special Terminal Assemblies Tests, Section 50.

13.3 Field-wiring leads

13.3.1 If leads are provided in lieu of wiring terminals, they shall not be less than 6 inches (152 mm) long,
and 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 not required for the intended operation of the product.
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Exception No. 2: Solid copper leads as small as 26 AWG (0.13 mm?) may be used if:

a) The current does not exceed 1 ampere for lengths up to 2 feet (61 cm) and the current does not

excee

d 0.4 ampere for lengths up to 10 feet (3.05 m);

b) There are two or more conductors and the conductors are covered by a common jacket or the
equivalent;

c) The assembled conductors comply with the requirement of 47.2.1 for strain relief; and

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

llowing are,considered to constitute means for grounding:

a product intended to be permanently connected by a metal enclosed wiri
out'orequivalent opening in the metal enclosure of the product.

0.82 mm?).

the lead may

ead shall be
Il be the one
ent-protective

rminal intended for the connection of a grounded supply conductor shall be of, ¢r plated with,

terminals, or

of the terminal shall be clearly shown in some other manner, such as on an aftached wiring

be finished to

re grounding;

ng system, a

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

as non

metallic-sheathed cable, an equipment grounding terminal or lead.

¢) In a cord-connected product, an equipment grounding conductor in the cord.

14.3 On a permanently-connected product, a terminal intended solely for the connection of an equipment
grounding conductor shall be capable of securing a conductor of the size intended for the particular
application in accordance with the National Electrical Code, ANSI/NFPA 70.

14.4 A soldering lug, a push-in, a screwless connector, or a quick-connect or similar friction-fit connector
shall not be used for the grounding terminal intended for the connection of field supply connections, or for
the grounding wire in a supply cord.
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145 On a permanently-connected product, a wire binding screw intended for the connection of an
equipment grounding conductor shall have a green-colored head that is hexagonal, slotted, or both. A
pressure wire connector intended for connection of such a conductor shall be plainly identified such as by
being marked "G," "GR," "GROUND," or "GROUNDING," or the like, or by a marking on a wiring diagram
provided on the product (see also 14.6). The wire binding screw or pressure wire connector shall be
secured to the frame or enclosure of the product and shall be located so that it is unlikely to be removed
during service operations, such as replacing fuses, resetting manual-reset devices, or the like.

14.6 If a pressure wire connector intended for grounding is located where it could be mistaken for a
neutral conductor of a grounded supply, it shall be identified by the marking "EQUIPMENT GROUND", a

green color id

entification, or both.

147 On a

connection of an equipment grounding conductor shall be finished in a continuous~gree

continuous g

14.8 Onag
continuous g

conductor shall be so identified. The grounding conductor shall be secured to'the frame or en

product by a
during any s
connected to

INTERNAL W
15 General

15.1 Interng
for 0 — 300 vg

a) Poy
b) Cun

c) The

Otherwise, th
shall be used

15.2 Leads

Eermanently-connected product, the surface of an insulated lead intended-g

en color with one or more yellow stripes, and no other lead shall be so identifie

ord-connected product, the grounding conductor of the flexible cord shall be fi
een color or with a continuous green color with one or more yellow stripes,

positive means (see Bonding for Grounding, Section 18)\that is not likely to
prvicing operation not involving the power-supply cord. The grounding condu
the grounding blade of the attachment plug.

IRING

| wiring shall have thermoplastic or\rubber insulation not less than 1/64 inch ((
It applications if:

ver is less than 375 volt-amperes (VA);
rent is less than 5 amperes; and

wiring is not subject to flexing or mechanical abuse.

ermoplastic or rubber insulation not less than 1/32 inch (0.8 mm) thick and ra
Other insulating material of lesser thickness may be used if it is equivalent.

or'avcable assembly connected to parts mounted on a hinged cover shall bg

olely for the
n color or a
.

nished with a
and no other
tlosure of the
be removed
ctor shall be

.4 mm) thick

ed 600 volts

of sufficient

1ections. The

length to pern
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leads shall be secured or equivalently arranged to prevent abrasion of insulation and jamming between
parts of the enclosure.

15.3

other environmental conditions to which it may be subjected in intended use.

Insulation, such as coated fabric and extruded tubing, shall not be damaged by the temperature or

15.4 Wireways shall be smooth and entirely free from sharp edges, burrs, fins, moving parts, and the like
which may cause abrasion of the conductor insulation. Holes in sheet metal walls through which insulated
wires pass shall be provided with a bushing if the wall is 0.042 inch (1.07 mm) or less thick. Holes in walls
thicker than 0.042 inch shall have smooth, rounded edges.
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16 Wiring Methods

16.1

All splices and connections shall be mechanically secure and electrically bonded.

16.2 Stranded conductors clamped under wire-binding screws or similar parts shall have the individual
strands soldered together or equivalently arranged.

16.3 A splice shall be provided with insulation equivalent to that of the wires involved.

16.4 A printed wiring assembly shall comply with the Standard for Printed-Wiring Boards, UL 796.

16.5 A pri
voltage-with{
samples sha
the Humidity|
standard.

16.6 At a g
there shall b
the cord may

16.7 Ifthe
0.042 inch (1

ed WITIng assembly USINg Insuiating coatings or encapsutation snall be teste
tand before and after being treated. If it is impractical to use untreated sam
| be subjected to the Dielectric Voltage-Withstand Test, Section 41, after they ar
Test, Section 35; Temperature Test, Section 42; and other applicable_tests sp

oint where a flexible cord passes through an opening in a wall, barrier, or en
b a bushing, or the equivalent, which shall provide a smoath;-founded surface
bear.

cord hole is in phenolic composition or other nonconducting material, or in meta
.07 mm) thick, a smooth, rounded surface is considered to be the equivalent of

16.8 Ceramic materials and some molded compositions may be used for insulating bushing

16.9 Fiber
intended ops

may be used where it will not be subjected to a temperature greater than 90°C
rating conditions if the bushing is hot less than 3/64 inch (1.2 mm) thick, and i

exposed to moisture.

16.10 Aso
(1.2 mm) thig
substances

metal, the hg
into the rubb

16.11 Anin
used is not |g
metal in whig

k, and if the bushing.is located so that it will not be exposed to oil, grease, oily V
vhich may have a deleterious effect on rubber. If a soft rubber bushing is use
le shall be freeAfrom sharp edges, burrs, projections, and the like which would 4
DY,

sulating-metal grommet may be used in lieu of an insulating bushing, if the insul
ss tham*1/32 inch (0.8 mm) thick and completely fills the space between the gro
h.itis‘mounted.

for dielectric
ples, finished
e subjected to
ecified in this

closing case,
Against which

not less than
bushing.

n

194°F) under
f it will not be

t rubber bushing may b€ used in the frame of a motor if the bushing is not less than 3/64 inch

apor, or other
d in a hole in
e likely to cut

ating material
mmet and the

17 Separation of Circuits

171

Internal wiring of circuits which operate at different potentials shall be separated by barriers,

clamps, routing, or other means determined to be equivalent, unless all conductors are provided with
insulation which is rated for the highest potential involved. See 17.3.

17.2 If a barrier is used to provide separation between the wiring of different circuits, it shall be of metal
or of insulating material. A barrier of insulating material shall not be less than 0.028 inch (0.71 mm) thick.
Any clearance between the edge of a barrier and a compartment wall shall not be more than 1/16 inch (1.6
mm).
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17.3 When Class 2, Class 3, and power-limited fire protection circuit conductors are to occupy the same
enclosure as electric light, power, Class 1, or nonpower-limited fire protection circuit conductors, both of
the following conditions shall be met:

a) The enclosure shall provide a minimum of two conductor entry openings so that the Class 2,
Class 3, and power-limited fire protection circuit conductors are segregated from electric light,
power, Class 1 and nonpower-limited fire protection circuit conductors. The installation document
shall completely detail the entry routing of all conductors into the enclosure.

b) The enclosure shall be constructed so that, with all field-installed wiring connected to the
product, a minimum of 1/4 inch (6.4 mm) spacing is provided between all Class 2, Class 3, and
power-l|m|ted fire protectlon circuit conductors and all electric light, power, Class 1 and nonpower-

limite
wire r
schem

separation.

Exception: TH
volts or less t

a) The
CL3P,
Class

IIIG pIULCblIUII bllbull UUIIUUULUID UUIII}JIIGIIL:C VVII.II LIIID IUquIICIIIUIIl IO abIIICV
puting configurations that are detailed in the installation document. When\a
e does not maintain a separation of 1/4 inch (6.4 mm), barriers shall _bé,use

e requirements in 17.3 (a) and (b) do not apply when all circuit~conductors of
b ground and:

Class 2, Class 3, and power-limited fire protection circuits-are installed using O
or substitute cable permitted by the National Electrical Code, NFPA 70, and
3, and power-limited fire protection circuit conductors extending beyond the cal

d by specific
wire routing
d to provide

erate at 150

3, CL3R, or
the Class 2,
ble jacket are

separated by a minimum of 1/4 inch or by nonconductive tubing or by a nonconductiveg barrier from

all oth

b) The
1orh

18 Bonding

18.1 In a hi
noncurrent-ca
user, operato
energized.

18.2 Uninsdlated metal parts, such as cabinets, electrical enclosures, capacitors and ot

components
except as spd

18.3 Thefo

br conductors, or

Class 2, Class 3, and power-limited fire protection circuit conductors are installg
gher circuit.

for Grounding

gh-voltage product, provision'shall be made for the grounding of all exposed
rrying metal parts which_are likely to become energized and which may be cg
, or by service personnel during service operations likely to be performed while 1

bre to be{bonded for grounding if they may be contacted by the operator or
cified in_18.3.

lowing metal parts need not be grounded:

bd as a Class

br accessible
ntacted by a
he product is

her electrical
serviceman,

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 separated from wiring and
uninsulated live parts.

c) Cabinets, panels, and covers that do not enclose uninsulated live parts if wiring is separated
from the cabinet, panel, or cover so that it is not likely to become energized.

d) Panels and covers that are insulated from electrical components and wiring by an insulating
barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar materials not less than
0.028 inch (0.71 mm) thick, and secured in place. If material having a lesser thickness is used,
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consideration is to be given to such factors as its electrical, mechanical, and flammability properties
when compared with materials in thicknesses specified above.

18.4 The metal enclosure of a product having a slide-out chassis is considered to be grounded if the
resistance between the point of connection of the equipment grounding means and enclosure does not
exceed 0.1 ohm. Unless a separate grounding conductor is used, this will require that all nonconductive
coatings between the enclosure and equipment grounding means be penetrated when the chassis is
inserted in the enclosure. In such cases, metal-to-metal contact shall be maintained at any point of
insertion or withdrawal of the chassis.

18.5 Metal-to-metal hinge bearing members for a door or cover are considered to be a means for

bondingad

or or cover for grounding if a minimum of two pin-type hinges, each with a min

mum of three

knuckles, are

18.6 A sef
intended for
against corr
separate bor
the confines

purpose othér than bonding for grounding, unless the bonding conductor is unlikely to be

removal and

18.7 Theb
brazing mate
shall penetra
bonding aroy
material.

18.8 With neference to 18.7, a bolted or screwed connection that incorporates a star was

screwhead g
means depe
the metal.

18.9 Anint

installed grodinding conductor or for the grounding wire in a supply cord, may use a quick-co

of the specif
use on a circ

used.

arate component bonding conductor shall be of copper, a copper alloy; or ¢
use as an electrical conductor. Ferrous metal parts in the grounding-path shal
bsion by metallic or nonmetallic coatings, such as enameling, ‘galvanizing,
ding conductor or strap shall not be subject to mechanical damage or shall be
of the outer enclosure or frame, and not be secured by a removable fastener

replacement of the fastener.

bnding shall be by a clamped, riveted, bolted, or.screwed connection; welding, 3

te nonconductive coatings, such as paint orxitreous enamel. Except as mentig

r a serrated screwhead may. be*used for penetrating nonconductive coatings.
nds upon screw threads, twg.or more screws or two full threads of a single screw

ernal connection for\bonding internal parts to the enclosure for grounding, but

ed dimensions «if the connector is not likely to be displaced and the componer
Lit having@-branch circuit protective device, rated as specified in Table 18.1.

Table 18.1

;

ther material
be protected
or plating. A
ocated within
used for any
omitted after

oldering, and

rials having a softening or melting point greater.than 445°C (833°F). The bonding connection

ned in 18.10,

nd a resilient mount shall not depend on the clamping action of rubber or other nonmetallic

ner under the
f the bonding
shall engage

ot for a field-
nect terminal
t is limited to

Internal terminal connections for bonding

Terminal dimensions, Rating of protective device,
inches (mm) amperes
0.020 by 0.187 by 0.250 (0.51 by 4.75 by 6.35) 20 or less
0.032 by 0.187 by 0.250 (0.81 by 4.75 by 6.35) 20 or less
0.032 by 0.205 by 0.250 (0.81 by 5.2 by 6.35) 20 or less
0.032 by 0.250 by 0.312 (0.81 by 6.35 by 7.92) 60 or less

18.10 A connection that depends upon the clamping action exerted by rubber or other nonmetallic
material may be used if it complies with the requirements specified in 18.13 under any intended degree of
compression permitted by a variable clamping device, and if the results are still in compliance with 18.13
after exposure to the effects of oil, grease, moisture, and thermal degradation which may occur in service.
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Also, the effect of assembling and disassembling such a clamping device for maintenance is to be
considered, with particular emphasis on the likelihood of the clamping device being reassembled in its
intended fashion.

18.11 Except as mentioned in 18.14 and 18.16 on a cord-connected product, a bonding conductor or
strap shall have a cross-sectional area not less than that of the grounding conductor of the supply cord.

18.12 On a permanently-connected product, the size of a conductor used to bond an electrical enclosure
shall be based on the rating of the branch circuit overcurrent device to which the equipment will be
connected. The size of the conductor or strap shall be as specified in Table 18.2.

Table 18.2
Bonding wire conductor size
Size of bonding conductor?
Rating of overcurrent Copper wire, Aluminum wire,
device, amgeres 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 (133) 4 21.2)
@ Or equivalent cross-sectional area.

18.13 A conductor, such as a clamp or strap, used in place of a separate wire conductor as specified in
18.12, may bg considered for use if thesminimum cross-sectional conducting area is equivalent to the wire
sizes specified in Table 18.2.

18.14 A borjding conductor tg an electrical component need not be larger than the size of the conductors
supplying the|component.

18.15 Splicgs shall not be used in wire conductors used to bond electrical enclosures or other electrical
components.

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

18.17 The continuity of the grounding system of the product shall not rely on the dimensional integrity of
nonmetallic material.

COMPONENTS, ELECTRICAL
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19 General
19.1 Mounting of components

19.1.1 A switch, lampholder, attachment-plug, connector base, or similar electrical component shall be
secured in position and, except as specified in 19.1.2 — 19.1.7, shall be prevented from turning.

19.1.2 In the mounting or supporting of small, fragile, insulating parts, screws or other fastenings shall
not be tight enough to cause cracking or breaking of these parts with expansion and contraction.

19.1.3 The requirement that a switch be prevented from turning may be waived if all four of the following
conditions aremmet:

a) The switch is a plunger or other type that does not tend to rotate when operatedsA[toggle switch
is corsidered to be subject to forces that tend to rotate the switch during intended ogeration of the
switch.

b) Thge means for mounting the switch makes it unlikely that the operation of the swifich will loosen
it.
c) Spacings are not reduced below the minimum required valuesif the switch rotates.

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

19.1.4 A lampholder of the type in which the lamp cannot\be replaced, such as a neon pilpt or indicator
light in which the lamp is sealed in a non-removable jeweél, need not be prevented from turning if rotation
will not redude spacings below the minimum required,values.

19.1.5 Unipsulated live parts shall be secured to the base or mounting surface so thaf they will be
prevented frgm turning or shifting in position,-if such motion may result in a reduction of sgacings below
the intended| values. (The securing of contact assemblies shall provide for the continued| alignment of
contacts.)

19.1.6 The|means for preventing turning shall consist of more than friction between surfaceg.

19.1.7 A Idck washer that provides both spring take-up and an interference lock may bg used as the
means for preventing assmall stem-mounted switch or other device having a single-hole mounting means
from turning.

19.1.8 A flush'plate for outlet-box mounting shall be of:

a) Minimum 0.030 inch (0.76 mm) ferrous metal,
b) Minimum 0.040 inch (1.02 mm) nonferrous metal, or

¢) Minimum 0.100 inch (2.54 mm) nonconductive material.

19.1.9 A yoke or 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 not less than that of 0.040 inch thick
steel.
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19.2 Insulating materials

19.2.1 Insulating materials used for a base for the support of live parts shall be porcelain, phenolic or
cold-molded composition, or the equivalent.

19.2.2 A base mounted on a metal surface shall be provided with an insulating barrier between the
mounting surface and all live parts on the underside of the base that are not staked, upset, sealed, or
equivalently prevented from loosening so that such parts and the ends of replaceable terminal screws do
not come in contact with the supporting surface.

19.2.3 Vulcanized f|ber may be used for msulatlng bushmgs washers, separators and barriers, but not
for the sole syppoH s : S ge-currentleakage s ping-o s ay cause a risk

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

19.2.5 The| thickness of a flat sheet of insulating material, suchas phenolic compogition or the
equivalent, uged for panel-mounting of parts shall not be less than that specified in Table 19.1

Table 19.1
Thickness of flat sheets of insulating material
Maximum dimensions
Lerjgth or width, Area, Minimum thickness,?

inch (cm) inch? (cm?) inch (mm)
24 (60.9) 360 (2323) 3/8 (9.5)
48 (122.0) 1152 (7423) 12 (12.7)
48 (122.0) 1728 (11,148) 5/8 (15.9)
over 48 (over 122.0) over 1728 (over 11,148) 3/4 (19.1)

@ Material less than 3/8 inch (9.5 mm)but not less than 1/8 inch (3.2 mm) in thickness may be employed for a panel |f the panel is
adequately supported or reinforéed to provide rigidity not less than that of a 3/8 inch sheet. Material less than 3/16 irjch (4.8 mm)
may be employgd for subassemblies, such as supports for terminals for internal wiring, resistors, and other compongnts.

19.3 Fusehrlders

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

19.4 Current-carrying parts

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

Exception: Multimetallic thermal elements and heater elements of a thermal protector need not comply
with this requirement.

19.4.2 Bearings, hinges, and the like are not to be used as current-carrying parts.
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20 Overcurrent Protection

20.1 If a primary circuit breaker or fuse is provided, its rating shall be in accordance with the maximum
input to the product.

21 Semiconductors

21.1 Semiconductors shall be rated for the intended application under all environmental conditions to
which they may be exposed in service. See Performance Tests, Sections 27 — 50.

22 Switches

22.1 A switch provided as part of the product shall have a current and voltage rating not legs than that of
the circuit thiat it controls when the product is operated under any condition of intended s$ervice. If the
circuit contrglled has a power factor less than 75 percent, the switch shall have a’horsg¢power rating
(judged on the basis of the ampere equivalent) or a rating of not less than 200! percent of fhe maximum
load current.

23 Transformers and Coils
23.1 Atrangformer shall be of the two-coil or insulated type.

Exception: An autotransformer may be used, if the terminalkor lead common to both input and output
circuits is identified, and the output circuits are located only within the enclosure cpntaining the
autotransformer. See 13.4.1 for polarity identification specifications.

23.2 Coils|shall be treated with an insulating @ilm, and baked or otherwise impregnated to exclude
moisture.

23.3 Film-goated wire is not required to®be given additional treatment to prevent moisture alpsorption.
SPACINGS
24 Genera

24.1 Except as mentiohed in 25.1, spacings between uninsulated live parts and between uninsulated live
parts and dead metal parts shall not be less than those indicated in 24.2 — 24.6.

24.2 The spacings between an uninsulated live part and:

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

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

shall not be less than those specified in Table 24.1.

24.3 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
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c) An exposed dead metal part which is isolated (insulated),

shall not be less than those specified in Table 24.1. See 25.1 for component spacing specifications.

Table 24.1
Minimum spacings

Minimum spacings®®

Voltage range Through air, Over surface,
Point of application (AC) inch (mm) inch (mm)
To walls of enclpsure:
cast metdl enclosures 0-300 1/4 (6.4) 1/4 (6.4)
sheet mejtal enclosures 0-300 1/2 (12.7) 112 (12.7)
Installation wirifig terminals (general
application):
with barriers 0-30 1/8 3.2) 3/16 (4.8)
31-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
without bprriers 0-30 3/16 (4.8) 3/16 (4.8)
31-150 14 (6.4) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
Rigidly clamped assemblies®:
100 volt-gmperes maximum? 0-30 1/32 (0.8) 1/32 (0.8)
over 100 jvolt-amperes 0-30 3/64 (1.2) 3/64 (1.2)
31-150 1/16 (1.6) 1/16 (1.6)
151 -300 3/32 (2.4) 3/32 (2.4)
Other parts 0-30 1/16 (1.6) 1/8 (3.2)
31-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
@ An insulating lner or barrier of vuleanized fiber, varnished cloth, mica, phenolic composition, or similar material us¢d where
spacings would| otherwise be insufficient, shall not be less than 0.028 inch (0.71 mm) thick; except that a liner or barfier not less
than 0.013 inch|(0.33 mm) thiek.may be used in conjunction with an air spacing of not less than one-half of the through-air spacing
required. The liper shall be{ocated so that it will not be affected adversely by arcing. Insulating material having a thi¢kness less
than that specifled may be used if it is suitable for the particular application.
b Measurementp are t0-b& made with solid wire of adequate ampacity for the applied load connected to each terminal. In no case
shall the wire b¢ smallér than 18 AWG (0.82 mm?).
¢ Rigidly clamp fesT , and the like.

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

24.4 If a short circuit between uninsulated live parts of the same polarity would impair the intended
operation of the product, the spacings between such parts shall not be less than those indicated for other

parts in Table 24.1.

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

246 The "To walls of enclosure" spacings are not to be applied to an individual enclosure of a
compartment part within an outer enclosure.
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25 Components

251 Minimum values of spacings are not specified for a semiconductor or relay socket, a semiconductor,
a relay, a potentiometer, and similar components used in electronic circuits. Spacings in such components
shall be such that the circuit complies with the Dielectric Voltage-Withstand Test, Section 41.

PERFORMANCE
ALL UNITS

26 General

26.1 Test ynits and data

26.1.1 Burglary-resistant electric locking mechanisms and accessories that areully repfesentative of
production units are to be used for each of the tests specified in Sections 27> 50, unlg¢ss otherwise
specified.

26.1.2 Theldevices used for testing are to be those specified by the wifing’diagram of the product, except
that substituje devices may be used if they produce functions and lead conditions equivalent to those
obtained with the devices intended to be used with the product in service.

26.2 Test samples and miscellaneous data

26.2.1 Theflfollowing samples are to be provided for testing:
a) Twp or more complete samples of each product to be tested.

b) One or more samples of each encapsulated or sealed assembly, in the unengapsulated or
unsealed condition.

c) Insfallation and operating instructions (see 68.1 and 68.2).
26.3 Test Voltages

26.3.1 Unlgss otherwise.specified, the test voltage at rated frequency for each test of a prpduct shall be
as specified |n Table 26<1-

_ Table 26.1
|
Nameplate voltage rating Test voltage
110to 120 120
220 to 240 240
Other marked nameplate rating

26.4 Test fixture

26.4.1 A burglary-resistant electric locking mechanism intended to be used in an ordinary door is to be
mounted in the test fixture described in 26.4.2 for the Normal Operation Test, Section 27; Undervoltage
Operation Test, Section 32; Overload Test, Section 38; Endurance Test, Section 39; Forcing Tests, Section
55; Tool Manipulation Attack Test, Section 56; and Residual Magnetism Test, Section 57.
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26.4.2 The door used to test a locking mechanism intended for use in an ordinary door shall be solid
wood, 1-1/2 to 1-3/4 inches (38 to 44 mm) thick by 36 inches (0.91 m) wide and 72 to 84 inches (1.8 to 2.1
m) high. The door is to be mounted in a sheet steel frame, which is mounted into a masonry wall or in a
ridged steel frame secured to the floor and braced on the side that would be the inside of the door. The
door is to be hung on three heavy-duty, five-knuckle, ball-bearing hinges.

Exception: A locking mechanism intended for use on a door or opening cover that differs from the test door
described in 26.4.2 is to be tested on the door or opening cover that it is constructed for or on a test fixture
most representative of the door or opening cover.

27 Normal Operation Test

27.1 A unit $hall perform its intended function when installed as specified in 27.2.

27.2 Theu
connected to

27.3 If equi
tested in that

nit is to be mounted as intended in the test fixture described in 26.4.2" and
circuits of related equipment as indicated by the installation-wiring diagfam.

pment must be mounted in a definite position in order to function as intende
position.

27.4 Powertinput supply terminals are to be connected to supply,eircuits of rated voltage an
28 Input Tept
28.1 The input of a product shall not exceed the marked current, power, or volt-ampere rg

than 10 percent when the product is operated under:all’ conditions of use while connected t

supply in acc

28.2 The tg
having a sing
voltage is giv
highest value

prdance with 28.2.

st voltage for this test is to be\the maximum rated voltage for the product. H
e voltage rating, such as 1156 volts, maximum rated voltage is to be that single
bn in terms of a range ofvoltages, such as 110 — 120 volts, the maximum rated
of the range.

29 Output Measurement Test

29.1 Them
under the foll

a) Wit
a stan

basured voltage of all output circuits shall be within 85 and 110 percent of their 1
bwing conditions:

n primary power connected and varied from 85 percent to 110 percent of rated v

its terminals

d, it shall be

i frequency.

ting by more
D a source of

or a product
oltage. If the
oltage is the

narked rating

bltage. When

'1hy thnry is ||cnd’ afi |||y r\hqrgnrl hQH’nry shall be connected

b) With primary power connected and varied from 85 percent to 110 percent of rated voltage. When

a stan

dby battery is used, it shall be disconnected.

c) When a standby battery is used, the product shall be tested with the primary power
disconnected. The standby battery shall be replaced with a variable voltage filtered DC power
supply and the voltage varied from 85 percent to 110 percent of rated battery voltage.

29.2

Measurements shall be made with no load or with the minimum load that is specified by the

manufacturer. When more than one output circuit is provided, all circuits shall have no load connected or
the minimum load that is specified by the manufacturer connected to each circuit.

29.3 Upon completion of 29.2, measurements shall then be made with the maximum load connected to
the output circuit. When more than one output circuit is provided, all circuits shall have the maximum load
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connected. When connecting the maximum load to each output circuit will exceed the total output capacity
of the product, the output circuit to be measured shall be loaded to its maximum rating and the other
output circuits shall have their load adjusted so that the maximum output capacity of the product is
reached. This shall be repeated for each output circuit.

29.4 Rated load is that value of resistive load which causes the rated current to flow when the load is
connected to the output circuit and the input voltage to the product is adjusted to its rated voltage.

29.5 The output circuits of a burglary-resistant electric locking unit shall be power-limited. See Power-
Limited Circuits, Section 30.

Excepﬁon: This rnqlliramnnf does not ::pply toan oL prl it circut Hoing a-connection-device-or.other method
rated for high-voltage wiring, such as a 125-volt, 15-ampere, parallel-blade receptacle.

30 Power-Limited Circuits
30.1 Genejxal

30.1.1 All fleld-wiring circuits shall be classified as a power-limited or.nenpower-limited cifcuit. A circuit
shall be congidered nonpower-limited unless otherwise identified jn the installation documentation and
marking on tihe product.

30.1.2 The|power source (or sources) supplying a power-limited circuit shall be either:
a) Inherently limited requiring no overcurrent protéction or

b) Limited by a combination of a power seurce and overcurrent protection devices such that a
powel-limited circuit has electrical characteristics as described in Table 30.1 for AC circuits or Table
30.2 for DC circuits.

Table 30.1
Power source limitations'for alternating current Class 2 and Class 3 circuits

Power source maximum Power Maximum
nameplate ratings Current limitations| | overcurrent
Circuit voltage Current limitations VA nax© protection
Vmax: (Volts) VA (volt-amps) (amps) Imax” (@mps) | (volt-amps (amps)
Inherently limitgd powersource
(overcurrent protection -not
required)
Class 2 0to 20 5.0 x Vijax 5.0 8.0 - -
over 20 to 30 100 100/V ax 8.0 - -
over 30 to 150 0.005 x Vax 0.005 0.005 - -
Class 3 over 30 to 100 100 100/V nax 150/V max - -
Not inherently limited power
source (overcurrent protection
required)
Class 2 0to 20 5.0 X Vjax 5.0 1000/V ax 2509 5.0
Class 3 over 20 to 30 100 100/V ax 1000/V ax 250 100/V ax
over 30 to 100 100 100/V max 1000/V ax 250 100/V ax
over 100 to 150 100 100/V ax 1.0 NA 1.0

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Power source maximum Power Maximum
nameplate ratings Current limitations | overcurrent
Circuit voltage Current limitations VA nax© protection
Vmax: (volts) | VA (volt-amps) (amps) Inax” (@amps) | (volt-amps) (amps)

NOTES

1 Adapted from the National Electrical Code, ANSI/NFPA 70, copyright National Fire Protection Association, Batterymarch Park,
Quincy, MA 02269.

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

2 Vmax. Maximurfi oufput voltage regardless of load with rated inpuf applied.

P | max: Maximum| output current under any noncapacitive load, including short circuit, and with overcurrent protection pypassed,
when used. When a transformer limits the output current, I, limits apply after 1 minute of operation. Where,a current limiting

impedance is uged in combination with a nonpower-limited transformer or a stored energy source, such as alstorage| battery, in
order to limit thel output current, I, limits apply after 5 seconds.

¢ (VA)max: Maxinium volt-ampere output after 1 minute of operation regardless of load, and with overeurrent protectioh bypassed,
when used.

9 When the powpr source is a transformer, (VA)max is 350 volt-amperes or less where V,,, is_15 VOlts or less.

Table 30.2
Power source limitations for direct current Class’2 and Class 3 circuits
Power source maximum Power Maximum
nameplate ratings Current limitations | | overcurrent
Circuit voltage Current limitations VA axC protection
Viax (volts) | VA (volt-amps) (amps) Ina (@mps) | (volt-amps) (amps)
Inherently limitefl power source
(overcurrent protection not
required)

Class 2 0to 20 5.0% Viax 5.0 8.0 - -
over 20 {0 30 100 100/V nax 8.0 - -
over.30.to 60 100 100/V ax 150/V max - -

over/60 to 150 0.005 x Vax 0.005 0.005 - -

Class 3 over 60 to 100 100 100/V ax 150/V nax - -

Not inherently lilnited power,
source (overcurfent proteetion
required)

Class 2 0to 20 5.0 x Vinax 5.0 1000/V ax 2501 5.0

Class 3 aver 20 ta B0 100 1000/, 1000/, ., 250 100/Vnax

over 60 to 100 100 100/V max 1000/V ax 250 100/V max
over 100 to 150 100 100/V ax 1.0 N/A 1.0
NOTES
1 Adapted from the National Electrical Code, ANSI/NFPA 70, copyright National Fire Protection Association, Batterymarch Park,
Quincy, MA 02269.
2 A dry cell battery shall be considered an inherently limited power source, when the voltage is 30 volts or less and the capacity is
equal to or less than that available from series connected No. 6 carbon zinc cells.
3 For DC interrupted at a rate of 10 to 200 hertz, V.« shall not be greater than 24.8 volts. Where wet contact (immersion not
included) is likely to occur, Class 3 wiring methods shall be used, or V., shall not be greater than 30 volts for continuous DC and
12.4 volts for DC that is interrupted at a rate of 10 to 200 hertz.
2 Vmax: Maximum output voltage regardless of load with rated input applied.

Table 30.2 Continued on Next Page



https://ulnorm.com/api/?name=UL 1034 2020.pdf

JUNE 23, 2020 UL 1034 41
Table 30.2 Continued
Power source maximum Power Maximum
nameplate ratings Current limitations | overcurrent
Circuit voltage Current limitations VA nax” protection
Vmax: (volts) | VA (volt-amps) (amps) Imax” (@amps) | (volt-amps) (amps)
P | ax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection bypassed,
when used. When a transformer limits the output current, |,,,, limits apply after 1 minute of operation. Where a current limiting
impedance is used in combination with a nonpower-limited transformer or a stored energy source, such as a storage battery, in
order to limit the output current, |, limits apply after 5 seconds.
¢ (VA)max: Maximum volt-ampere output after 1 minute of operation regardless of load, and with overcurrent protection bypassed,
when used.
4 When the power source is a transformer. (VA)u..is 350 volt-amperes or less where V,....is 15 volts or less.
30.1.3 Withregard to 30.1.2, acceptable means for current limiting include:
a) Trgnsformer winding impedance;
b) A thermal link embedded within the winding overwrap of a transformer,;
c) Circuit components (resistors, regulators, transistors, and similar components) thdt comply with
the Tgmperature Test, Section 42, under |, condition; and

d) Cu
coeffi

rrent limiting impedances determined to be suitable for the application (positive temperature
Cient varistor or similar component).

Circuit compg
opening of ¢
as a means (

ceable fuses,
Il not be used

onent burnout, permanent (by soldered\means or similar method) or repla
bnductors on printed-wiring boards, or apehing of internal wiring conductors sha
f current limiting.

30.1.4 The
such that it c

overcurrent protection device“specified in 30.1.2 shall be of the noninterchg
bnnot be renewed in the field-with an overcurrent device having a higher current

ngeable type
rating.

be measured
it contains a

30.1.5 Whegn the product contains.a float battery charger, the V., lmax, @nd VA, shall
with both the AC power sourcétand the battery connected to the product. When the circ

battery transfer relay or a trickle charge battery circuit, the V a4, Imax, @nd VAax are to be n
with the prodluct energized only from the AC power source and then measured a second
product energized solely~from the battery. The battery used during these measurements s
largest capagity specified in the manufacturer's installation document and shall be fully charg

neasured first
time with the
hall have the
2d.

| unit shall be
tional.

all overcu

30.1.6 Whgn meas

uring the |, and VA4,
short-circuitee- renttimitine-dev

e CCeVv

30.2 Maximum voltage

30.2.1 With the circuit energized only from its rated primary power source, the output voltage of the
circuit under test is to be measured while the circuit is connected to full rated load and under open circuit
conditions. The maximum voltage under these two conditions shall be considered V.. When the product
incorporates a secondary source of supply, the test is to be repeated with the primary power source
disconnected and with the circuit energized solely from the secondary power source. The V.« value
obtained from each power source shall be considered separately when applying the requirements in Table
30.1 or Table 30.2.
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30.3 Maximum current

30.3.1 In order to determine compliance with the I, limitation, a variable load resistor is to be
connected across the circuit. While monitoring the current through the load resistor, the load resistor shall
be adjusted from open circuit to short circuit as quickly as possible and the highest current noted. The load
resistor is then to be readjusted to produce the highest current obtained and the current through the load
resistor is to be measured after 1 minute or after 5 seconds as determined by Table 30.1 or Table 30.2.

30.3.2 When the maximum current through the load resistor cannot be maintained for 5 seconds due to
current limiting devices (opening of thermal link, power supply foldback, PTC varistor effect, and the like),
the circuit load resistor is to be adjusted to a value that will produce a current just above the |,,,, value
indicated in Table 30.1 or Table 30.2. The results are in compliance when the I, value stated in Table
30.1 or Table [30.2 cannot be maintained for more than 5 seconds.

30.3.3 Whe
due to transfag
minute. The r|
I max limitation

h a transformer limits the value of |,,,,, and when |, is unable to be maintained for 1 minute
rmer burnout, a plot of current versus time is to be generated and theygraph extrapolated to 1
esults are in compliance when the extrapolated value of |, at 1 minute does not exceed the
5 as indicated in Table 30.1 or Table 30.2.

30.4 VA,..[Notinherently limited circuits only)

I test is to be

30.4.1 The gircuit is to be energized from a rated source of supply’and then the circuit unde
open-circuited. A variable load resistor, initially set to draw rated circuit current, is then to he connected
across the cifcuit. The circuit voltage and current are to berecorded and the load is to 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 rgsistance has
been reduced to a short circuit. Using the recorded voltage and current, the maximum volt-ampere, VA4
output under each load condition is to be calculated. The load resistor is then to be adjusted|to that value
which produged the maximum volt-ampere, VA,ax; Calculated; and then connected to the cjrcuit. After 1
minute, the voltage and current are again {o0 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 [fable 30.1 or
Table 30.2, after 1 minute.
31

Standby| Power

311 Theu
provided, it s
locking mech

31.2 If the

se of a standby power supply is optional. If a standby power supply, such as
hall be of‘sufficient capacity to supply power to the system for 4 hours while
bnism once every 5 minutes. See 31.2 for further standby power specifications.

battery capacity is such that it cannot provide operation for 4 hours, the pro

a battery, is
bperating the

juct shall be

prominently marked as specified in 62.12.

31.3

indicated. See 62.1(h) for additional battery maintenance specifications.

32 Undervoltage Operation Test

32.1

Instructions for the replacement of batteries shall be on the product, and the polarity shall be

A product shall operate as intended while installed in the test fixture described in 26.4.2 and

energized at 85 percent of its rated voltage. See 55.2.2 and 55.3.2 for static and dynamic strength tests.

32.2

nominal battery voltage.

If a standby battery is used, the reduced voltage value is to be computed on the basis of the rated
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33 Overvoltage Operation Test

33.1 A product, other than an electrical coil used in a burglary-resistant electric locking mechanism to
operate the locking mechanism or to provide the locking action, shall withstand 110 percent of its rated
supply voltage continuously for 24 hours without damage and shall operate as intended at the increased
voltage at the conclusion of the test. The product is to be in the operating condition (locked or unlocked)
that causes the most power to be used by the product.

33.2 An electrical coil used in a burglary-resistant electric locking mechanism to operate the locking
mechanism or to provide the locking action, shall withstand 125 percent of its rated supply voltage
continuously for 24 hours without damage and shall operate as intended at the increased voltage at the
conclusion of the test

34 Variabl¢ Ambient Test
34.1 A progluct other than the locking mechanism shall function as intended at-the test voltage with its
related equipment at ambient temperatures of 0 and 49° C (32 and 1205\F). See 342 for locking
mechanism @ambient temperature specifications.
34.2 Alockjng mechanism or any other product intended for outdoor dse shall function as intended at the
test voltage With its related equipment at ambient temperatures of-minus 35 and plus 66°C (minus 31 and
plus 151°F).
34.3 The exposure to any of the temperatures specified inx34.1 and 34.2 shall be 4 hours orf more.

35 Humidity Test

35.1 A prodluct shall operate as intended during and after exposure for 24 hours to air haying a relative
humidity of 8p +5 percent and a temperature«of’30 +2°C (86 +3°F).

35.2 Cord-gonnected products powered from a high-voltage source shall comply with the [requirements
of the Leakage Current Test, Section 36, following exposure to high humidity.

36 Leakagpg Current Tests-for Cord-Connected Products

36.1 The lgakage current of a cord-connected product intended to be located in an area|accessible to
contact by pérsons, (oryone which is interconnected to a product that is accessible to contagt by persons,
shall not ex¢eed<the values specified in Table 36.1 when tested as specified in 36.7 ahd 36.8 after
exposure to the‘KHumidity Test, Section 35.

Table 36.1
Maximum leakage current
Type of product? Maximum leakage current, (mA)

Two-wire cord-connected product 0.50

Three-wire (including grounding conductor) cord-connected, 0.50

portable product

Three-wire (including grounding conductor) cord-connected 0.75

stationary or fixed product

@ Products which incorporate a loss-of-ground detector which dependably opens the live conductors are exempted from the
requirements of this table.
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36.2 For this test, 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 accordance with
26.3.1. Leakage current measurements are to be made with the product in the standby and operating
conditions.

36.3 For the purposes of this test, "leakage current” refers to all currents, including capacitively coupled
currents, which 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 simultaneously
accessible, leakage currents from these surfaces are to be measured to the grounded supply conductor
individually, i i be exposed
surfaces unless covered by an enclosure that reduces the risk of electric shock. Surfaces(arg considered
to be simultapeously accessible when they can be readily contacted by one or both hands of a person at
the same timg.

36.5 If a cqnductive surface other than metal is used for the enclosure or, part of the enclosure, the
leakage currgnt 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. If the surface is less than 10 by 20 centimeters, the metal foil is to|be the same
size as the suyirface. The metal foil is not to remain in place long enough. to affect the tempgrature of the
product.

36.6 The me¢asurement circuit for leakage current is to be as:illustrated in Figure 36.1. The measurement
instrument is [defined in (a) — (c). The meter which is actually used for a measurement need|only indicate
the same numerical value for a particular measurementcas would the defined instrument and need not
have all of the attributes of the defined instrument.

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

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 rangetof 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 ohms. At indications of 0.5 and
0.75 npilliampere, the.measurement is to have an error of not more than 5 percent.



https://ulnorm.com/api/?name=UL 1034 2020.pdf

JUNE 23, 2020

UL 1034

45

Figure 36.1

Leakage current measurement circuits

LC101

a) Product inten

b) 240 or 208 vg

c) Probe with sl
instrument and i

d) Separated an

36.7 A san
follows:
a) Th
locati

St

INSULATIN
TABLE

Lc201 GROUNDED SUPPLY CONDUCTOR
It product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.

ielded lead — Under some circumstances where higher frequency components are present, shield
s leads may be necessary.

d used as clip when measuring currents from one part of a product to another.

ple of the product is to be prepared and conditioned for leakage current me

e sample’ is to be representative of the wiring methods, routing, component
bn-andinstallation, and the like of the product.

METER
PRODUCT ,7
j:)i C
z 7
N INSULATING
TABLE
GROUNDED SUPPLY CONDUCTOR 0
Hed for connection to a 120 or 208 volt power supply.
< PRODUCT METER
[120 v c
B <———
t 120 v
<t

ng of measuring

asurement as

5, component

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

c) The sample is to be conditioned as described in 35.1.

36.8 With the supply voltage adjusted to the test voltage, as specified in 26.3.1, leakage current is to be
measured as soon as possible after completion of the Humidity Test, Section 35. The leakage current test
sequence, with reference to the measuring circuit specified in Figure 36.1, is to be as follows:

a) With switch S1 open, the product is to be connected to the measurement circuit. Leakage
current is to be measured using both positions of switch S2. All manual switching devices then are
to be operated in their normal manner, and leakage currents are to be measured using both
positions of switch S2.
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37 Electric|{Shock Current Test

371

b) With the product switching devices in their intended operating positions, switch S1 shall then be
closed, energizing the product and within a period of 5 seconds, the leakage current is to be
measured using both positions of switch S2. All manual switching devices then are to be operated
in their intended manner, and leakage currents are to be measured using both positions of switch
S2.

¢) The product switching devices then are to be returned to their intended operating positions and
the product allowed to operate until thermal equilibrium is obtained. Leakage current is to be
monitored continuously. For this test, "thermal equilibrium" is defined as that condition where
leakage current is found to be constant or decreasing in value. Both positions of switch S2 are to
be used in determining this measurement.

d) Immediatety—afte =—test—any—singte-pote =t sroduetis—to—be—opened, and the
leakage current monitored until constant or decreasing values are recorded. Readirlgs are to be
taken |n both positions of switch S2.

SW

If the ppen circuit potential between any part that is exposed only.during operator gervicing and

either earth ground, or any other exposed accessible part, exceeds 42.4 velts peak, the part|shall comply

with the requifements of 37.2 — 37.4, as applicable.

37.2 The continuous current flow through a 500-ohm resistof.shall not exceed the values specified in
Table 37.1 when the resistor is connected between any part that is exposed only during operator servicing

and either eafth ground, or any other exposed accessible pari:

Table 37.1
Maximum current during operator servicing

Maximum current through a 500-ohm resistor,
Frequency, hertz? milliamperes 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 Ormore 275

@ Linear interpolation between adjacent values may be used to determine the maximum current corresponding to frequencies not
shown. The table applies to repetitive nonsinusoidal or sinusoidal waveforms.

37.3 The duration of a transient current flowing through a 500-ohm resistor connected as described in
37.2 shall not exceed:

a) The value determined by the following equation:

1.43
re [20;5)

in which:
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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, and

b) 809 milliamperes, regardless of duration.

The interval between occurrences shall be equal to or greater than 60 seconds if the current is repetitive.
Typical calculated values of maximum transient current duration are shown in Table 37.2.

hk

Fable-372
Maximum transient current duration
Maximum |peak current (I) through 500-ohm resistor, Maximum duration (T) of waveform containihg excursions
milliamperes greater than 7.1 millamperes pe

71 7.26)seconds

8.5 5.58
10.0 4.42
12.5 3.21
15.0 2.48
17.5 1.99
20.0 1.64
22.5 1.39
25.0 1.19
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
74000 23
450.0 19
500.0 16
600.0 12
700.0 10
809.0 8.3

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

88,400
E'"(In E—1.26)

for 42.4 <E <400
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C =35,288E1°%%* 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.

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. Typical calculated values of maximum capacitance are
shown in Table 37.3.

Table 37.3
Electric shock — stored energy
Potential in Jolts, across capacitance prior to discharge Maximum capacitahce-in microfarads

1000 0.868
900 1.02
800 1.22
700 1.50
600 1.90
500 2.52
400 3.55
380 3.86
360 422
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

90 43.8

80 53.8

70 68.0

60 89.4

50 124.00

45 150.00
42.4 169.00

37.5 With reference to the requirements of 37.2 and 37.3, the current is to be measured while the
resistor is connected between ground and:

a) Each accessible part individually and
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b) All accessible parts collectively if the parts are simultaneously accessible.

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

37.6 With reference to the requirements of 37.5, 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
within a 4 by 8 inch (102 by 203 mm) rectangle; and two hands of a person are considered to be able to
contact parts simultaneously if the parts are not more than 6 feet (1.83 m) apart.

37.7 Electr

shock current refars to all currents includina-canacitivelvy counled currents
g 4 g b4 1 T

37.8 Ifthe
in turn to eag

product has a direct-current rating, measurements are to be made with the prodiict connected
h side of a 3-wire, direct-current supply circuit.

37.9 Currept measurements are to be made:

a) With any operating control, or adjustable control that is subjecttouser operation, i all operating
positipns; and
b) Either with or without a vacuum tube, separable connector, ‘or similar component in|place.
These measprements are to be made with controls placed.in'the position that causes maximum current
flow.

38 Overload Test

38.1 Geneiral

38.1.1 Ab
cycles of opsg
adjusted to 1
the test fixtun

Lirglary-resistant electric locking mechanism shall operate as intended during
ration at a rate of not more than 17 cycles per minute while connected to a so
15 percent of the rated test voltage. The locking mechanism is to be mounted
e described in 26(432. The sequence of each cycle for a locking mechanism is to

}

and after 50
rce of supply
s intended in
consist of:

a) Releasing the locking mechanism;

b) Opening thie'door;

c¢) Clgsing-the door; and

d) Engaging the locking mechanism.

The door is to be opened by a pneumatic or hydraulic ram, or other mechanical means, and is to be
equipped with a size 3 or heavier duty hydraulic door closer or with other closing means. The sequence of
each cycle for an accessory is to consist of cycling it through its intended mode of operation.

38.1.2 Rated test loads are to be connected to the output circuits of the product. The test loads are to be
electric locking mechanisms, remote indicators, relays, or the equivalent intended for connection to the
product. If an equivalent load is used for an intended inductive load, a power factor of 60 percent is to be
used. The rated loads are to be established with the product initially connected to a source of supply as
specified in 26.3.1, after which the voltage is to be increased to 115 percent of the initial value.

38.1.3 For DC circuits, an equivalent 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 while the load is
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connected to a 60 Hz, AC voltage equal to the rated DC test voltage. The resultant AC current is to be
equal to 0.6 times 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.

38.2 Separately energized circuits

38.2.1 Separately energized circuits, such as dry contacts, that do not receive energy from the burglary-
resistant electric locking mechanism or accessory, shall operate as intended during and after 50 cycles of
operation at a rate of not more than 17 cycles per minute while connected to a voltage source as specified
in 26.3.1, and with 150 percent rated current loads at 60 percent power factor applied to the output circuits.

39 EnduranceTest

39.1

39.1.1 A by
current witho
100,000 cycld

General

rglary-resistant electric locking mechanism shall operate as intended at rated
it electrical or mechanical malfunction at a rate of not more than*17 cycles p
s or 250,000 cycles. Scheduled maintenance is to be performed, during the nun

used, if reconpmended by the manufacturer.

39.1.2 A bl
mounted on t

a) Rel

rglary-resistant electric locking mechanism intended-for use on an ordinary
ne test fixture described in 26.4.2 for the endurance test. One cycle is to consist

pasing the locking mechanism;

b) Opening the door;

c) Clo

d) Eng

The door is 1
equipped with

5ing the door; and

aging the locking mechanism.

0 be opened by a pneumatic or hydraulic ram, or other mechanical means,
a size 3 or heavier duty hydraulic door closer or with other closing means.

39.2 Separately energized-circuits

39.21 A sy
shall operate
rate of not ma

itch, relay, or the like intended to operate a burglary-resistant electric locking
as intended at rated voltage and current without electrical or mechanical ma
re than*17 cycles per minute for 100,000 cycles or 250,000 cycles.

voltage and
er minute for
ber of cycles

joor is to be
Df:

and is to be

mechanism
function at a

39.2.2 The

WitcH, reiay, or ine fike 15 to be connectedto a source of SUpply fmaccordanc

e with 26.4.1

and with rated load at 0.6 power factor applied to it. Scheduled maintenance is to be performed during the
number of cycles used, if recommended by the manufacturer.

Exception: If the switch, relay, or the like is intended to be used with a specific electric locking mechanism,
that mechanism may be used for the load.

40 Jarring Test

40.1

A burglary-resistant electric locking mechanism, or an accessory, shall withstand jarring resulting

from impact and vibration anticipated in the intended application without causing release of the lock or
unintended operation of a part, and without impairing its subsequent intended operation.
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40.2 The product and associated equipment is to be mounted as intended to the center of a 6 by 4 foot
(1.8 by 1.2 m), nominal 3/4-inch (19.1-mm) thick plywood board which is secured in place at four corners.
An impact is to be applied to the center of the reverse side of this board by means of a 1.18 pound (0.54
kg), 2-inch (50.8-mm) diameter steel sphere either:

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

b) Dropped from a height of 30.5 inches, depending upon the mounting of the equipment.
See Figure 40.1 for the test diagram.

40.3 During this test, the unit is to be operated in the standby condition and connected to a rated source
of supply as specified in 26.3.1.

Figure 40.1

Jarring test

Steel Sphere

y Radi]
g e __
y 7 \ | f
-~ i |
: g — — — — — — i | h
~ |
-1 Productk'Under Test | l
- ]
7 \\_/Q
: TTTTr1rrrrrrrrrrriri
(1) (2)
Test Method For Unit Test Method For Unit
Intended to be Mounted Intended to be Mounted
Vertically Horizontally
PTT10

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 of 40 — 70 Hz, or a DC potential, between live parts
and the enclosure, live parts and exposed dead metal parts, and live parts of circuits operating at different
potentials or frequencies. The test potential is to be (also, see 41.2):

a) For a product rated 30 volts AC rms (42.4 volts DC or AC peak) or less — 500 volts (707 volts, if a
DC potential is used).

b) For a product rated between 31 and 250 volts AC rms — 1000 volts (1414 volts, if a DC potential
is used).
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c¢) For a product rated more than 250 volts AC rms — 1000 volts plus twice the rated voltage (1414
volts plus 2.828 times the rated AC rms voltage, if a DC potential is used).

41.2 For the application of a potential in accordance with 41.1, the voltage is to be the applicable value
specified in (a), (b), or (c) of 41.1, 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 Exposed dead metal parts referred to in 41.1 are noncurrent-carrying metal parts which are likely to
become energized and accessible from outside of the enclosure of a product during intended operation

with the door of the enclosure closed.

41.4 If an autotransformer is in the circuit, the primary of the transformer is to be discofn
AC test potential in accordance with 41.1 is to be applied directly to all wiring involving“m
volts.

41.5 If the dharging current through a capacitor or capacitor type filter connegted across thq
line to earth ground, is sufficient to prevent maintenance of the specified AC.test potential, the
filter is to be tested using a DC test potential in accordance with 41.1.

41.6 The test potential may be obtained from any convenientisource having sufficien
maintain the [specified voltage. The output voltage of the test apparatus is to be monitore
zero, the potgntial is to be increased at a rate of approximately. 200 volts per minute until the
value is reached and is to be held at that value for 1 minute.

41.7 A prinfed wiring assembly or other electronic ‘circuit component that would be dan
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

bcted and an
bre than 250

line, or from
b capacitor or

capacity to
j. Starting at
required test

aged by the
or otherwise
of an entire

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

destroying them in the case of a malfunction_elsewhere in the secondary circuits.
42 Temperature Test

421 Them
those specifiqg

pterials used in_the)construction of a product shall not attain temperature rises
d in Table 42.1%

greater than

42.2 The vdlues for-temperature specified 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 {hat range. A
temperature is considered to be constant when three successive readings taken at intervals pf 10 percent
of the previously-elapsed duration of the test, but at not less than 5 minute intervals, indicate do change.
Table 42.1
Maximum temperature rises
Materials and components °Cc °F
A. COMPONENTS
1. Capacitors:®P
a) Electrolytic types 40 72
b) Other types 65 117
2. Rectifiers — at any point

Table 42.1 Continued on Next Page
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Table 42.1 Continued

1. Appliance wiring material’

Materials and components °Cc °F
a) Germanium 50 90
b) Selenium 50 90
c) Silicon 75 135
3. Relay, solenoid, transformer, and other coils with:
a) Class 105 insulation system:
Thermocouple method 65 117
Resistance method 85 153
b) C[ass T30 insulation system:
Thermocouple method 85 153
Resistance method 105 189
c) Class 155 insulation system:
1) Class 2 transformers:
Thermocouple method 95 171
Resistance method 115 207
P) Power transformers:
Thermocouple method 110 198
Resistance method 115 207
d) Class 180 insulation system:
1) Class 2 transformers:
Thermocouple method 115 207
Resistance method 135 243
P) Power transformers:
Thermocouple method 125 225
Resistance method 135 243
4. Resistgrs:®
a) Chrbon 50 90
b) Wire wound 125 225
c) Other 50 90
5. Solid state devices See npte (d)
6. Other components-and materials:
a) Fiberused as electrical insulation or cord bushings 65 117
b) V: th-irsuiation 60 108
¢) Thermoplastic materials Rise based on temperature
limits of the material
d) Phenolic composition used as electrical insulation or as parts whose malfunction or 125 225
deterioration will result in a risk of fire or electric shock®
e) Wood or other combustibles 65 117
f) Sealing compound 15°C or 59°F less than the
melting point
g) Fuses 65 117
B. CONDUCTORS

25°C or 77°F less than the
temperature limit of the wire

Table 42.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 1034 2020.pdf

54

UL 1034

JUNE 23, 2020

Table 42.1 Continued

integral with thq
b A capacitor th
rating.

® The temperat
manufacturer's

4 The temperat
during the Stan
any other condi

under the Stan
be operated up

1) The con

2) A qualit
100 percet
3)Eacha
temperat
€ The limitation
investigated an

"For standard i
ANSI/NFPA 70
question.

0°C (32°F) sha(ll

usﬁes, for 24 hours while connectedto a source of rated voltage and frequency in an ambient of at leas

Materials and components °c °F
2. Flexible cord (for example, SJO, SJT) 35 63
3. Conductors of field-wired circuits to be permanently-connected to the product 35 63
C. GENERAL
1. All surfaces of the product and surfaces adjacent to or upon which the product may be 65 117
mounted
2. Surfaces normally contacted by the user in operating the unit (control knobs, push
buttons, levers, or the like):
a) Metal 35 63
b) Ngnmetallic 60 108
3. Surface$ subjected to casual contact by the user (enclosure, grille, or the like):
a) Mgtal 45 81
b) Ngnmetallic 65 117
& For an electrolytic capacitor that is physically integral with or attached to a motor, the temperature.rise on insulating material

capacitor enclosure may not be more than 65°C (117°F).

bt operates at a temperature higher than a 65°C (117°F) rise may be judged en’the basis of its markg

re rise of a resistor may exceed the values shown if the power dissipation is 50 percent or less of th
Fating.

re of a solid-state device (for example, transistor, SCR, integrated circuits) shall not exceed 50 perc|
by Condition. The temperature of a solid-state device shall hot exceed 75 percent of its rated tempg
ion of operation that produces the maximum temperature dissipation of its components. For referen
be considered as 0 percent. For integrated circuits,.thedéading factor shall not exceed 50 percent o
by Condition and 75 percent under any condition of‘eperation. Both solid-state devices and integrat
to the maximum ratings under any one of the follwing conditions:

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

control program is established by the manufacturer consisting of an inspection stress test followed
t of all components, either on an individual basis, as part of a subassembly, or equivalent.

embled production unit is subjectedto a burn-in test, under the condition that results in the maximu

on phenolic composition‘and‘on rubber and thermoplastic insulation do not apply to compounds thg
I determined to have special heat-resistant properties.

sulated conductor§ other than those mentioned, reference should be made to the National Electrical
the maximum allowable temperature rise in any case is 25°C or 77°F less than the temperature limi

d temperature

ent of its rating
rature under
Ce purposes,

f its rating

bd circuits may

by operation of

m
49°C (120°F).

t have been

Code,
of the wire in

42.3 Tempd
(0.21 mm?) o

ratureés are to be measured by thermocouples consisting of wires not larger t
rby the resistance method, except that the thermocouple method is not to b

han 24 AWG
e 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 shall be used whenever referee temperature measurements by thermocouples
are necessary.

425 The temperature of a coil winding may be determined by the change-in-resistance method, wherein
the resistance of the winding at the temperature to be determined is compared with the resistance at a

known tempe

in which:

rature by means of the formula:

At

R
et 1)~ (k1)
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At is the temperature rise in degrees C,

R is the resistance in ohms at end of test,

ris the resistance in ohms at start of test,

k is 234.5 for copper or 225.0 for electrical conductor grade aluminum,

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

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

42.6 To de
voltage and
conditions th

427 Ifac
the maximu

42.8 For a
device, the
condition or

431 A pro
electric shoc

43.2 To determine compliance with 43.1, the product is to be connected to a source of supp

26.3.1 and ¢
There shall b
or dielectric K

43.3 The f4
burnout occu
secondary of
fault conditio

43.4 After

frequency as specified in 26.3.1, and operated continuously under represen
t are likely to produce the highest temperature.

rrent-regulating resistor or reactor is provided as a part of the produsetyit is to b
resistance or reactance at normal current.

st is to be continued until constant temperatures are attained during the ng
til one hour has elapsed.

duct operating in any condition of intended’operation shall not increase the
when abnormal fault conditions are introduced.

perated under the most severg( gircuit fault conditions likely to be encounter
e no emission of flame or molten metal, or any other manifestation of a risk of f
reakdown when tested as'specified in the Dielectric Voltage-Withstand Test, Se

rs, if the fault doés)not result in the operation of an overload protective device.
the power supply transformer and shorting of an electrolytic capacitor would reg
ns.

being.wrapped in a single layer of bleached cheesecloth having an area of 14

yards to the |
be no molte

pound(25.8 — 27.7 m2/kg) and a count of 32 by 28, the product is to be energlze

rcuit of rated
tative service

b adjusted for

locking device intended to have power applied in the locked condition or the unlock the

n

43 Abnormal Operation Test

rmal standby

risk of fire or

ly specified in
bd in service.
re (see 43.4),
ction 41.

ult condition is to be maintained continuously until constant temperatures are attained or until

Shorting of a
resent typical

— 15 square
d. There shall

charring of the cheesecloth

44 Electrical Transient Tests

441

44.1.1  Whil

General

e energized from a source of supply in accordance with 26.3.1 the product shall:

a) Experience no electrical or mechanical failure of any components of the product;

b) Op

erate as intended following the test;

1 by ignition or

c) As applicable, retain required stored memory (such as date, time, and location) within the unit

when

subjected to the tests described in 44.2 —44.4.
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Exception No. 1: Annunciation of a trouble signal that, either automatically restores or is manually
resettable through the operator interface is acceptable during the internally induced and field-wiring
transient tests.

Exception No. 2: Supplemental information stored within the product is not required to be retained during

any of the transient tests.

44.2 Supply line transients

4421

between the power supply circuit conductors of the unit under test.

44.2.2 For
Location Cat

Voltages in Low-Voltage AC Power Circuits, ANSI/IEEE C62.41.

44.2.3 Dele

44.2.4 The
minute. Each

250 pulses are to be applied so that the polarity of the transients is-p@ésitive with reference to ¢

and the rema
44.3

4431 The
supply in acc
second, then
rate of not m
test.

444

4441 The

in accordance with 26.3.1.-AllNnput/output, low-voltage (field-wiring) circuits are to be tested a

44.4.2 and 44

Internally induced transients

Input/output circuit transients

his test, the product is to be connected to a transient generator capable of
bgory A, 100 kHz Ring Wave transient as defined in Recommended. Practi

ed.

Init is to be subjected to 500 oscillatory transient pulses induced at a rate of six {
transient pulse is to be induced 90 degrees into the positive half of the 60-Hz cy

ning 250 pulses are to be negative with regard to earth’ground.

product is to be energized in the intended“standby condition while connected t
brdance with 26.3.1. The supply source'is to be alternately de-energized for apj
energized for approximately 9 seconds for a total of 500 times. Each interruption
bre than 6 interruptions per minute. Standby power, if used, is to be connectg

init is to be energized in the normal standby condition while connected to a sou

4.3, and as‘a'result of the test, shall comply with 44.1.1.

Exception: T
permitted to g

pis testris not required when manufacturer’s installation instructions indicate
onnect with input/output circuit cables greater than 98.5 ft (30 m) long.

A high-voltage, AC-operated unit shall be subject to supply line transients induced directly

roducing the
ce on Surge

ransients per
cle. A total of
barth ground,

D a source of
proximately 1
shall be at a
d during this

rce of supply
s specified in

that it is not

44.4.2 For this test, each input/output circuit is to be subjected to the transient waveforms specified in
Table 44.1 as delivered into a 200-ohm load. The transient pulses are to be coupled directly onto the

input/output c

ircuit conductors of the equipment under test.

Table 44.1
Input/output circuit transients

Peak voltage level, V Minimum energy level, J Minimum pulse duration, ps Figure No.
2400 1.0 80 Figure 44.1
1000° 0.31 150 Figure 44.2

Table 44.1 Continued on Next Page
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Table 44.1 Continued

Peak voltage level, V Minimum energy level, J Minimum pulse duration, ps Figure No.
5002 0.10 250 Figure 44.3
100 0.011 1120 Figure 44.4

@ Other applied transients having peak voltages representative of the entire range of 100 — 2400 volts shall be used in lieu of these
values when the output circuit is only designed specifically to protect against these predetermined values. The transients shall

meet or exceed the specified minimum pulse duration (Figure 44.5) and minimum energy level (Figure 44.6) parameters, and shall
have an equal or faster minimum transient pulse rise time than that specified in Figure 44.7.

Figure 44.1
Input/output circuit transients — 2400V curve
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Input/Output circuit transients — 1000V curve

Figure 44.2
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Input/output circuit transients — 500V curve

Figure 44.3
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Figure 44.4
Input/output circuit transients — 100V curve
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Figure 44.5
Minimum transient pulse duration vs. transient peak voltage
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Figure 44.6
Minimum transient energy level vs. transient peak voltage
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100

Figure 44.7

Minimum transient pulse rise time vs. transient peak voltage
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44.4.3 EacH
minute as foll

a) Twe
levels
of one

b) Twenty pulses {four at the 2400 peak voltage level and two at each of the other tran

levels

one polarity, ‘and ten of the opposite polarity (total of 20 pulses).

4444 Asa

500 1000 1500 2000 2500
Transient\Peak Voltage, volts

input/output circuit is to be subjected to transient pulses induced at the rate of s
DWS:

nty pulses (four at the 2400 peak voltage level and two at each of the other trar
specified in 44.4.2).between each lead or terminal and earth ground, consisting
polarity, and ten of the opposite polarity (total of 40 pulses), and

specifiediin-44.4.2) between any two circuit leads or terminals, consisting of

3000

ix pulses per

sient voltage
of ten pulses

sient voltage
en pulses of

h alternate to 44.4.1 — 44.4.3, the product shall be subjected to the Standard fo

Surge Tests

per Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques — Surge
immunity test, IEC 61000-4-5, and in accordance with the following:

Open Circuit Test Voltage,® ® Line to Ground 0.5kV and 1kV
Polarity +and -
Minimum number of surges at each polarity, voltage, coupling mode and signal 5

line at a maximum rate of 1 per 5 second

Impedance in series with the transient generator 40 Ohm
Combination Wave Generator 1.2/50 us

& This test is not required when manufacturer’s installation instructions indicate that it is not permitted to connect cables greater

than 98.5 ft (30

® The test pulses are coupled into the leads to be tested by means of appropriate coupling networks that maintain the test pulses

within IEC 6100

m) long.

0-4-5 specification.
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4445 The product under test is to be connected in accordance with the manufacturer’s installation
instruction, with the intended ancillary equipment and interconnecting cables insulated from ground

reference for

this test. Normal operation of the product shall be confirmed prior to the test.

44.4.6 Input/output circuits shall be subjected to transients injected by line-to-ground coupling mode
only, using a 40 ohm series resistor.
44 4.7 If the product has a large number of identical inputs/outputs circuits, then representative samples

of each type of input/output circuit may be subjected to this test and considered representative of other
identical circuits.

4448 Theq
coupling/dec]
manufacture
cables, then
to the shield
decouple inp|

4449 Am
levels. The n
due to apply
pulses at a ra

44410 As

bupling network (s) (2 m). If it issp
’s installation instructions that input/output circuit shall only be connected
n these cases, the transients shall be applied directly (i.e. without the 40 ohm s

ut/output circuits carrying high frequency signals, to reduce attenuation problem

inimum of 5 pulses of each polarity shall be applied at each of the 0.5 kV and
naximum pulse rate of 1 per 5 s is used. If it is necessary-{o ensure that any f3g
ng the pulses too frequently then the devices shall be’ replaced and the test

te of less than 1/min.

a result of this test, the unit shall comply with therequirements of 44.1.1.

45 Polymeric Materials Test

of a 65.5 ft (20 m) length of shielded cable. Current compensated chokes mg

duct and the

1 kV, voltage
ilures are not
repeated with

45.1 Polymeric materials used as an enclosure, ‘or for the support of current-carrying parts| shall comply
with the appl|cable part of the Standard for Ralymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C.

46 Battery|Replacement Test

46.1 The Hattery connections)shall withstand 50 cycles of removal and replacement from the battery
terminals without any reduction in contact integrity.

46.2 For th|s test, aproduct is to be installed as intended in service and the battery connectjons removed

and replaced
of the Norma

as reecommended by the manufacturer. The product then shall comply with the
| Operation Test, Section 27.

requirements

47 Strain Relief Test

47.1 General

47.1.1 When tested as specified in 47.1.2, the strain relief means provided on a flexible cord shall
withstand, for 1 minute without displacement, a pull of 35 pounds-force (156 N) applied to the cord with the
connections within the product disconnected.

47.1.2 To apply this force, a 35 pound (15.88 kg) weight is to be secured to the cord and the cord is to be
supported by the product so that the strain relief means will be stressed from any angle which the
construction of the product permits. There shall not be movement of the cord sufficient to indicate that
stress would have been transmitted to the internal connections.
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47.2 Field-wiring leads

47.2.1
N) without evidence of damage or of transmittal of stress to the internal connections.

48 Ignition Through Bottom-Panel Openings

48.1 General

48.1.1 Both of the bottom-panel constructions described in 8.3.2 may be used withou

Each lead used for field connections shall withstand for 1 minute, a pull of 10 pounds-force (44.5

t test. Other

constructions may be used if they comply with the requirements of the tests specified in 48.2.1 — 48.2.4.

48.1.2 Thede tests do not apply to low-voltage power limited products or to products inwhig
fault does nofl produce flame, molten metal, flaming or glowing particles, or flaming drops.

48.2 Hot, flaming oil

48.2.1 Openings in a bottom panel shall be arranged and sufficiently smalhin size and few
that hot, flaming No. 2 furnace oil poured three times onto the openings from a position abovs
extinguished ps it passes through the openings.

48.2.2 A sample of the complete, finished bottom panel is to be securely supported horizo

h an internal

n number so
b the panel is

htally several

inches abovel a horizontal surface under a hood or other area.that is well ventilated but fre¢ from drafts.

Bleached chdesecloth that has an area of 14 — 15 square yards to the pound (26 — 28 m?/kg
of 32 by 28 per inch square (per 25.4 mm?), and that is-of sufficient size and shape, is to com
the pattern oflopenings in the panel, but is not to be large enough to catch any of the oil that
edge of the panel or otherwise does not pass through the openings. The pan is to be center

and a count
pletely cover
runs over the
ed under the

center of the ppattern of openings in the panel. The center of the cheesecloth is to be 2 inchés (50.8 mm)

below the o
recommende

enings. Use of a metal screer’ or wired-glass enclosure surrounding the
H to reduce the risk of injury totpersons or damage due to splattering of the oil.

48.2.3 A sm
lip, and a long
10 milliliters

all metal ladle [preferably not more than 2-1/2 inches (63.5 mm) in diameter] w
handle whose longitudinal axis remains horizontal during pouring, is to be parti
f No. 2 furnace oil, which is a medium-volatile distillate having:

a) An API gravity of 32 — 36 degrees;
b) A flash point.of 110 — 190°F (43 — 88°C); and

c) An pverage calorific value of 136,900 Btu per gallon (39.7 MJ/L) (see Specificatior]

test area is

ith a pouring
lly filled with

for Fuel Qil,

ASTMD396-927:

The ladle containing the oil is to be heated and the oil ignited. After burning for 1 minute, all of the hot,
flaming oil is to be poured from a position 4 inches (102 mm) above the openings and at the rate of
approximately, but not less than, 1 milliliter per second in a steady stream onto the center of the pattern of

openings.

48.2.4 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

openings may not be used if the cheesecloth is ignited in any of the three pourings.
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