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Summary of Topics

This revision of ANSI/CAN/UL 325 dated February 21, 2023 includes the following changes in
requirements:

— Revision of the Glossary Definition of Entrapment to Change "Object" to "Person” is
Caught; 4.8

— Bifold Gates; 4.34A, Figure 4.1, 4.34B, Figure 4.2, Figure 4.3, 26.11, Table-321,
32.1.24

Table 32.2,

JA, 32.2.1.1, 32.2.1.3, Section 32.2.5, 37.2.1, 37.2.3, 39.1.1.1, 39.1.1.2) Figune 39.7,

39.1.3.)1, Figure 39.10, Figure 39.11, 60.8.4, Table B.1

— Refeyrence Corrections to Include Vehicular Gate Operators; 17.1/46.2.1

— Typg B1 Test Clarification; 32.1.7, 32.2.1.2, 37.3.2

— Editorial Interconnection Cable Reference Correction; 54.1

— Pungture Resistance Test Clarification to Include Gates; 55.1 — 55.3

- CGI

Changes; 60.8.4, Table B.1

— Revision of the Important Safety Instructions to add "Severe"” Injury to WARN
Table B.1

NG; 60.8.5

— Revikion of the Important Safety Instructions to Change Reference from "Emergency”
Release to "Manual” Release; 60.8.5, Table B.1

— Editgrial Revision of Table B.1
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All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but

not limited to,

the implied warranties of merchantability or fitness for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
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, regardless of the form of the claim.
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The following table lists the future effective dates with the corresponding item.
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Preface (UL)

This is the Seventh Edition of the ANSI/CAN/UL 325, Standard for Door, Drapery, Gate, Louver, and
Window Operators and Systems.

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of SCC and ANSI for
accreditation of a Standards Development Organization.
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INTRODUCTION

1 Scope

1.1

These requirements cover electric operators for doors, draperies, gates, louvers, windows, exterior

awnings and other opening and closing appliances rated 600 V or less to be employed in ordinary
locations in accordance with the National Electrical Code, NFPA 70 and the Canadian Electrical Code,

Part |, C22.1.

1.2 These requirements also cover complete doors, gates, and other such assemblies that include
electric opening and closing appliances.

1.3 These r¢quirements also cover accessories, such as external entrapment protectiond

!

with applianc

4

1.4 Doors 3
Association L

in accordancs

1.5 These r¢quirements do not address active fire alarm functionality, which is addressed i

2 Terminolggy

2.1
identified by
requirement.
understood th

3 Normativ

3.1 Product
noted in Ann
intended for
Standards for

In the following text, a requirement that only applies to a specific type or types of

s covered by this standard.

nd door operators intended for exit use, as defined in TheNational H
fe Safety Code, NFPA 101, and covered by these requirements‘are intended
with the International Building Code.

b specific reference in the requirement {0.the type or types of equipment ¢
n the absence of a specific referencegor if the term "appliance" or "operato
at the requirement applies to all typescof equipment within the scope of this Stz

b References

5 covered by this Standard shall comply with the reference installation codes
bX A as appropriate for-the country where the product is to be used. When
se in more thap~one country, the product shall comply with the installati
all countries where'it is intended to be used.

3.2 Forund

and all revisigns to that edition up to the time when this standard was approved. For dated
standards, sugch reference shall be considered to refer to the dated edition and all revisions|
up to the time|when this standard was approved.

ted referénees to standards, such reference shall be considered to refer to th

bvices, for use

ire Protection
for installation

h NFPA 80.

equipment is

overed by the
" is used, it is
ndard.

hnd Standards
the product is
bn codes and

b |atest edition
references to
to that edition

3.3 For products intended for use in Canada general requirements are given in CSA Standard C22.2 No.
0, General Requirements — Canadian Electrical Code, Part Il.

4 Glossary

4.1

peak) supplied by:

a)Ani

nherently-limited Class 2 transformer;

CLASS 2 CIRCUIT - An isolated secondary circuit involving a potential of not more than 30 V (42.4 V

b) A combination of an isolated transformer secondary winding and a fixed impedance or regulating
network that together comply with the performance requirements for an inherently-limited Class 2
transformer;
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c) A dry-cell battery having output characteristics not greater than those of an inherently-limited
Class 2 transformer;

d) Any combination of (a), (b), and (c) above that together comply with the performance

require

ments for an inherently-limited Class 2 transformer; or

e) One or more combinations of a Class 2 transformer and an overcurrent protective device that
together comply with the performance requirements for a noninherently-limited Class 2
transformer.

A line-connected circuit connected in series with an impedance as a means of limiting the voltage and
current is not a Class 2 circuit.

4.2 COMBI

and operator gombination where the door is constructed in one rigid piece.

4.3 COMBI

operator comRination where the door and hardware are an integral part of an operator, the
not exert a diiving force on the door in the closing direction, and may provide for inherg

entrapment pr

44 COMME
operator (or s

unit (five or more single family units), hotel, garages, retail store, or other buildings acg

servicing the g

4.5 COMME

intended for vehicular traffic and/or securing entrances or exits to commercial or industrial by

Some exampl
retail stores, O
rolling door s
operated only
access and eg
this definition.

4.6 DOOR —
that closes an

4.7 DRAPER

TION RIGID ONE-PIECE OVERHEAD GARAGE DOOR OPERATOR $Y9)

TION SECTIONAL OVERHEAD GARAGE DOOR OPERATOR SYSTEM

btection for compliance with the requirements of this Standard.

RCIAL/GENERAL ACCESS VEHICULAR GATE ORERATOR — CLASS Il - A
stem) intended for use in a commercial location.or building such as a multi-f

eneral public.

RCIAL/INDUSTRIAL DOOR OPERATOR (OR SYSTEM) — A door operato

bs include multi-family housing wnits (three or more single-family units), ho
r loading docks including, but,not limited to, sliding, swing, bifold, accordion,
stems. Doors used to secure store fronts and intended for pedestrian us
at the start and end ofi the business day are included. Doors used solely
ress which open and close for each pedestrian or group of pedestrians are n

A moving barrier such as a swinging, sliding, raising, lowering, rolling, or th
opening for-entrance and/or egress by persons or vehicles into or out of a builg

Y (orBLINDS, SHADES AND THE LIKE) OPERATOR (OR SYSTEM) — A

EM — A door

— A door and
bperator does
nt secondary

behicular gate
amily housing
essible by or

r (or system)
ildings areas.
lels, garages,
sectional, and
e, but usually
or pedestrian
ot covered by

e like, barrier,
ing.

n operator (or

system) for of

ening or closing of window drapery, blinds, shade, or other window coverin

ys, other than

louver or shutter operators and systems.

4.8 ENTRAPMENT — The condition when a person is caught or held in a position that increases the risk

of injury.

4.9 EXTERIOR AWNING — A plastic, canvas, or metal porch or shade supported by a frame and often
retractable, placed over a storefront, doorway, window, or the side of a recreational vehicle.

410 EXTERNAL ENTRAPMENT PROTECTION DEVICE — A device, examples being an edge sensor, a
photoelectric sensor, or similar entrapment protection device, which provides protection against
entrapment when activated and is not incorporated as a permanent part of an operator.
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4.1

GATE — A moving barrier such as a swinging, sliding, raising, lowering, rolling, or the like, barrier,

that is a stand-alone passage barrier or is that portion of a wall or fence system that controls entrance

and/or egress

412

by persons or vehicles and completes the perimeter of a defined area.

INDUSTRIAL/LIMITED ACCESS VEHICULAR GATE OPERATOR — CLASS Il — A vehicular gate

operator (or system) intended for use in an industrial location or building such as a factory or loading dock

area or other |

4.13

ocations not accessible by or intended to service the general public.

INHERENT ENTRAPMENT PROTECTION SYSTEM — A system, examples being a motor current

or speed sensing system, which provides protection against entrapment upon sensing an object and is
incorporated as a permanent and integral part of an operator.

414 LIGHT
commercial o
limited or rest

415 LIGHT
commercial/ir]
used to secur
of the busine
close for each

416 LINEQ

417 LOUVH
louvers or shu

4.18 PEDES
folding, or ro
buildings or o

419 RESID
building of on

420 RESID
intended for ul

421 RESTH
(or system) in

DUTY (COMMERCIAL/INDUSTRIAL) VEHICULAR GATE OPERATOR (OR
I industrial Class Il, Ill, or IV vehicular gate operator (or system) intended. g
ricted duty.

DUTY (COMMERCIAL/INDUSTRIAL) DOOR OPERATORH1OR SY
dustrial door operator (or system) intended and marked for limited or restrict
e store fronts and intended for pedestrian use, but usually operated only at thq
5s day are included. Doors used solely for pedestrian, access and egress w
pedestrian or group of pedestrians are not covered by this definition.

F SIGHT — Visible and not more that 15m (50 ft).distance between the control

FR OPERATOR (OR SYSTEM) — An operator (or system) intended to of
tters used for ventilation or as window coverings.

STRIAN DOOR OR GATE OPERATOR (OR SYSTEM) — A swinging, slid
ating door or gate operator (or-system) that is used at pedestrian entrang
her pedestrian traffic ways. Fhey are not used for vehicular traffic.

ENTIAL GARAGE-DOOR OPERATOR — A vehicular door operator serving
b to four single familyUnits.

ENTIAL VEHICULAR GATE OPERATOR — CLASS | — A vehicular gate opera
Se in garages or parking areas associated with a residence of one-to four sing|

RICTED"ACCESS VEHICULAR GATE OPERATOR — CLASS IV — A vehicular

SYSTEM) — A
nd marked for

STEM) A
ed duty. Doors
 start and end
hich open and

and the door.

en and close

ing, biparting,
es or exits to

) a residential

or (or system)

e families .

gate operator

tended for use in a guarded industrial location or building such as an airport s

ecurity area or

other restrict
prevented via

supervision by security personnel.

cd—accesstocations ot —Servicing—the—generat—pubtic, imwhich—umauthorized access is

4.22 SENSING AN OBSTRUCTION — The detection of an obstruction resulting in commanding a door or
gate operator to react, for example, opening a relay in response to detecting an obstruction by an edge
sensor. In the event the obstruction is communicated to the operator control via electronic transmission,
including wireless communication, sensing an obstruction occurs at the initial detection of the obstruction.

423 SLIDE GATE ENTRAPMENT ZONE - Locations between a moving gate and a counter opposing
edge or surface where entrapment is possible up to 1.8 m (6 ft) above grade. Such locations occur if
during any point in travel the gap between a moving gate and fixed counter opposing edges or surfaces is
less than 406 mm (16 in).
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424 SWING GATE ENTRAPMENT ZONE -Locations between a moving gate or moving, exposed
operator components and a counter opposing edge or surface where entrapment is possible up to 1.8 m (6
ft) above grade. Such locations occur if during any point in travel:

a) The gap between the bottom of a moving gate and the ground is greater than 101.6 mm (4 in)
and less than 406 mm (16 in); or

b) The distance between the center line of the pivot and the end of the wall, pillar, or column to
which it is mounted when in the open or closed position exceeds 101.6 mm (4 in). Any other gap
between a moving gate and fixed counter opposing edges or surfaces or other fixed objects is less
than 406 mm (16 in) (examples are walls, curbs, berms or other immovable objects).

425 SYSTEM

i\

intended to pe

426 TWO §
not interrupted

4.27 UNATT
the user within

428 VEHIC
a cantilever ty

intended for vehicular traffic flow at entrances or exits to areas such as parking garages, lots

4.29 VERTI(C
operator com
locations occu
than the grour
(16 in) on the

less than 406
surfaces at thg

4.30 VEHICL
(or system) th
entrance or ex

4.31 VEHICI
that controls 3

Intha contaxt of thasa raauirements g -svctam rafare tn 2 araun of intar
HH—RE-Go0HEX -0t quHe B tS—a—SYSteH+e+ee—to0—a-groudp—o+1Hteiy

form a common function.

EFQUENTIAL ACTIVATIONS — Two activations of an entrapment protection d
by an open or close limit device.

FNDED OPERATION, RESIDENTIAL GARAGE DOOR ORERATOR - Ope
the line-of-sight of the door.

JLAR BARRIER (ARM) OPERATOR (OR SYSTEMJ'-/An operator (or system
be device (or system), consisting of a mechanical arm or barrier that moves in

bonents and a counter opposing edge' or surface where entrapment is p
r when the gap between a moving gate and fixed counter opposing edges or s
d or floor at the bottom of the gate, is greater than 57.2 mm (2.25 in) and less
bublic side of the gate, or on.the*private side of the gate is greater than 101.6
mm (16 in), or when the gap)between a moving gate and fixed counter oppo
bottom of the gate is less than 406 mm (16 in).

JLAR HORIZONTALSLIDE-GATE OPERATOR (OR SYSTEM) — A vehicular
it to a drive, parking lot, or the like.

JLAR SWING-GATE OPERATOR (OR SYSTEM) — A vehicular gate operatg
gateswhich swings in an arc in a horizontal plane that is intended for usg

entrance or ex

cting devices

evice that are

ration without

that controls
a vertical arc,
or toll areas.

AL PIVOT GATE ENTRAPMENT ZONE > Locations between a moving gate or exposed

bssible. Such
urfaces, other
than 406 mm
mm (4 in) and
sing edges or

gate operator

bt controls a gate,which slides in a horizontal direction that is intended for use for vehicular

r (or system)
for vehicular

itto)a drive, parking lot, or the like.

4.32 VEHICULAR VERTICAL LIFT-GATE OPERATOR (OR SYSTEM) — A vehicular gate operator (or
system) that controls a gate which moves in the vertical direction and is intended for use at a vehicular
entrance or exit to a drive, parking lot, or similar location.

4.33 VEHICULAR VERTICAL PIVOT-GATE OPERATOR (OR SYSTEM) — A vehicular gate operator (or
system) that controls a gate that moves in an arc in a vertical plane that is intended for use for vehicular
entrances or exits to a drive, parking lot, or the like.

4.34 VERTICAL LIFT GATE ENTRAPMENT ZONE - Locations between a moving gate or exposed
operator components and a counter opposing edge or surface where entrapment is possible up to 2.4 m (8
ft) above grade. Such locations occur when the gap between a moving gate and fixed counter opposing
edges or surfaces, other than the ground or floor at the bottom of the gate, is greater than 101.6 mm (4 in)
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and less than 406 mm (16 in) or when the gap between a moving gate and fixed counter opposing edges
or surfaces at the bottom of the gate is less than 406 mm (16 in).

4.34A VEHICULAR BIFOLD GATE OPERATOR (OR SYSTEM) — A vehicular gate operator (or system)
that controls a multi-panel gate for which the panels fold together horizontally to the side of the roadway or
opening when the gate opens, and unfolds across the roadway or opening when the gate closes. A system
may consist of one operator with associated driven panels or two operators each with their own associated
driven panels. It is intended for use for vehicular entrance or exit to a drive, parking lot, or the like.

Figure 4.1
Pair Bifold Gate
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1. Hinging Structyre P olumn / Pillar

2. Panel A \)\/

3. Panel B
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Figure 4.2
Single Bifold Gate
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1. Hinging Structure (Po@(ﬁolumn / Pillar)

2. Panel A 0\/

3. Panel B
4. Catch Structure (Post / Column / Pillar)
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4.34B VEHICULAR BIFOLD GATE ENTRAPMENT ZONE - Locations between a moving bifold gate or
moving, exposed operator components and a counter opposing edge or surface where entrapment is
possible up to 1.8 m (6 ft) above grade. Such locations occur if during any point in travel:

a) The gap between the bottom of a moving gate and the ground is greater than 101.6 mm (4 in)
and less than 406 mm (16 in);

b) The distance between the center line of the pivot and the end of the wall, pillar, or column to
which it is mounted when in the open or closed position exceeds 101.6 mm (4 in). Any other gap
between a moving gate and fixed counter opposing edges or surfaces or other fixed objects is less
than 406 mm (16 in) (examples are walls, curbs, berms or other immovable objects).

c) The gap between two hinged panels (items 2 and 3 in Figure 4.3) inside the “V” shaped area is
less than 406 mm (16 in) at any point in travel.

d) Thg gap formed by vertical panel members/frames at the hinge point (between gdges 7/8 and
9/10 in Figure 4.3) is at any point in travel equal to or greater than 57.2 mm«2-1/4 in) and less than
406 mm (16 in).
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Figure 4.3
Bifold Gate Edges and Panels

2 3

1 4
Su4656 N
1. Panel B, outsifle horizontal bottom edge 7. Panel B, inside vertical hinge edge
2. Panel B, insidg horizontal bottom edge 8. Panel B, outside vertical hinge edge
3. Panel A, insidg horizontal bottom edge 9. Panel A, outside vertical hinge edge
4. Panel A, outsifle horizontal bottom edge 10. Panel A, inside vertical hinge edge
5. Panel B, insidg vertical leading.edge 11. Panel A, inside column vertical hinge edge
6. Panel B, outsife vertical leading edge 12. Panel A, outside column vertical hinge edge

NOTE: Inside and Outsjde.edges refer to their relationship to the “V” that is created by the opening movement of{a bifold gate, for
example between|A and B.panels in Figure 4.1 and Figure 4.2.
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4.35 WINDOW OPERATOR (OR SYSTEM) — An operator (or system) for opening casement, sliding, or
other types of windows including skylights.

4.36 WIRED CONTROL — A control implemented in a form of fixed physical interconnections between
the control, the associated devices, and an operator to perform predetermined functions in response to
input signals.

4.37 WIRELESS DEVICE — A control implemented in means other than fixed physical interconnections
(such as radio waves (RF) or infrared (IR) beams) between the control, the associated devices, and an

operator to perform predetermined functions in response to input signals.

4.38 WIRELESS CONTROL, PORTABLE — A wireless control, as described in 4.37, that is portable in

nature with ar
operator.

5 Compone

5.1
requirements
in the product
shall comply

be used. Wh¢g
appropriate ¢

intended function only for manual activating the moving member by transmitt

nts

Except as indicated in 5.2, a component of a product covered by this'standard shall ¢

for that component. See Annex A for a list of standards covering components

S covered by this standard. See Annex A for a full list of normative references
vith the Canadian or U.S. Standard(s) as appropriate-for the country where th
n a product is intended for use in more than one country, a component shall ¢
bmponent Standard(s) for the countries in which itis being used.

ng input to the

bmply with the
jenerally used
A component
e product is to
pmply with the

5.2 A compgnent is not required to comply with a spegific-requirement that:
a) Invplves a feature or characteristic not;required in the application of the conjponent in the
produgt covered by this standard, or
b) Is siperseded by a requirement in_this standard.
5.3 A compgpnent shall be used in aecordance with its rating established for the intended conditions of
use.
5.4 Specific| components ‘afe incomplete in construction features or restricted in[ performance
capabilities. $uch compenents are intended for use only under limited conditions, such as certain
temperatures|not exceéding specified limits, and shall be used only under those specific conditions.
6 Units of Measurement
6.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or

approximate information.

7 References

7.1

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

CONSTRUCTION

8 General

8.1

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

An appliance shall employ materials that are acceptable for the use and shall be made and finished

with the degree of uniformity and grade of workmanship practicable in a well-equipped factory.
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8.2 An appliance shall be formed and assembled so that it will have the strength and rigidity necessary to
resist the abuses to which it is likely to be subjected, without increasing its risk of fire, electric shock, or
injury to persons due to total or partial collapse with resulting reduction of spacings, loosening or
displacement of parts, or other serious defects.

9 Frame and Enclosure

9.1 For an unreinforced flat surface, cast metal shall not be less than 3.2-mm (1/8-in) thick, except that
malleable iron may be not less than 2.4-mm (3/32-in) thick, and die-cast metal may be not less than 2.0-
mm (5/64-in) thick. Corresponding thicknesses of not less than 2.4, 1.6, and 1.2 mm (3/32, 1/16, and 3/64
in), respectively, may be acceptable if the surface under consideration is curved, ribbed, or otherwise

reinforced, or of a shape or size that provides mechanical strength equivalent to that required.

9.2 An enclo
acceptability fi
steel having a
of nonferrous

Exception: Min

or otherwise r¢inforced.

9.3 Sheetm
than 0.81 mm
than 1.14 mm

9.4 The effe
an enclosure ¢

a) Mec
b) Res
¢) Mois
d) Conm

e) Res
normal

9.5 Theencl

sure of sheet metal shall be evaluated with respect to size, shape, thickhess

thickness of less than 0.66 mm (0.026 in) if uncoated or 0.74 mm (0029 in) if
Eheet metal having a thickness of less than 0.91 mm (0.036 in) is het-acceptab

imum thickness is not specified for an area that is relatively small or a surface

btal to which a wiring system is to be connected inthe field shall have a thick
(0.032 in) if uncoated steel, not less than 0.86 mm.(0.034 in) if galvanized stesg
0.045 in) if nonferrous.

ts of the following factors shall be determined for compliance of a nonmetalli
f magnesium with 8.2:

hanical strength,

stance to impact,
ture-absorption properties,
bustibility, and

stance to distortion at temperatures to which the material is subjected under
or abnormial use.

like from falling-on’combustible materials including the surface upon which the appliance is s

9.6 Therequ

of metal, and

br the application considering the intended use of the complete applian¢e: The use of sheet

galvanized or
e.

that is curved

ness not less
| and not less

enclosure or

conditions of

articles, or the

psureof an appliance shall prevent molten metal, burning insulation, flaming p

irement in 9.5 will necessitate the use of a barrier of noncombustible material:

a) Under a motor unless:

upported.

1) The structural parts of the motor or of the appliance provide the equivalent of such a

barrier;

2) The protection provided with the motor is such that no burning insulation or molten
material falls to the surface that supports the appliance when the motor is energized under

each of the following fault conditions:
i) Open main winding,

ii) Open auxiliary winding,
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i) Starting switch short-circuited, and

iv) Capacitor of a permanent-split capacitor motor short-circuited — the

short circuit is

to be applied before the motor is energized, and the rotor is to be locked;

3) The motor is provided with a thermal protector — a protective device that

is sensitive to

temperature and current — that will prevent the temperature of the motor windings from
exceeding 125°C (257°F) under the maximum load under which the motor will run without
causing the protector to cycle and from exceeding 150°C (302°F) with the rotor of the motor

locked; or

4) The motor is provided with impedance protection that complies with the requirements in

the Standards referenced in Annex A, Ref, No. 5, and the temperature of the

b) Ung

9.7 The req
individually a
malfunction o
appliance eng

9.8 The bar
have an area

employed in fhe barrier if such openings would not permit/molten metal, burning insulatior
stible material.

fall on combu

er wiring, unless it is neoprene, cross-linked or thermoplastic-insulated.

uirements in 9.5 will also necessitate that a switch, a relay, ,a solenoid,
nd completely enclosed, except for terminals, unless it can_be shown that
the component would not result in a risk of fire, or there are*no openings in thg¢ bottom of the
losure.

will not exceed 150°C (302°F) during the first 72 h of operation with the ratg
locked.

ier mentioned in 9.6 shall be horizontal, shall bedlecated as illustrated in Figurg

motor winding
r of the motor

br the like be
breakdown or

1 9.1, and shall

in accordance with that illustration. Openings<for drainage, ventilation, and the like may be

, or the like to
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Figure 9.1

Location and extent of barrier
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A — Region to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the

unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.
C —Inclined line that traces out minimum area of barrier. The line is always:
a) tangent to the component,

b) 5 degrees from the vertical, and

c) oriented so that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the

inclined line C and the horizontal plane of the barrier.
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10 Accessi

10.1

bility of Uninsulated Live Parts and Film-Coated Wire

To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an

uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either (a) or (b). See

15.4.2.

a) For an opening that has a minor dimension (see 10.5) less than 25.4 mm (1 in), such a part or
wire shall not be contacted by the probe illustrated in Figure 10.1.

b) For an opening that has a minor dimension of 25.4 mm (1 in) or more, such a part or wire shall
be spaced from the opening as specified in Table 10.1.

Exception: A
complies with

4 ] ‘“ ) Ry H 4 ) ;e ] /
motor riccu 1ot CUITIPHy WILTT UTCoC TCYUITCTITICTILS 1T TS ITieyralr ©riciosur

the requirements in 10.2.

of the motor

Minimum afceptable distance from an oper-lrierlizlit:g.:)art that may involve-aTrisk of electric shock
Minor dimension® of opening, Minimum distance from opening tp part,
min (in)® mm (jn)°
191 (3/4)° 114 41/2)
25(4 (1)° 165 (8-1/2)
318 (1-1/4) 190 (7H1/2)
38|1 (1-1/2) 318 (12-1/2)
47(6 (1-7/8) 394 (15-1/2)
54(0 (2-1/8) 444 (17-1/2)
d 762 30)

@See 10.5.

® Between 19.1
table.

¢ Any dimensior]
4 More than 54

mm (3/4 in) and 54 mm (2-1/8 jn)yinterpolation is to be used to determine a value between values

less than 25.4 mm (1 in) @applied to a motor only.
nm (2-1/8 in), but not@mare than 152 mm (6 in).

specified in the

10.2 Withre

a) An

bpening.that has a minor dimension (see 10.5) less than 19.1 mm (3/4 in) is ac

spect to anjintegral enclosure of a motor as mentioned in the exception to 10.1:

ceptable if:

N.Film-coated wire cannot be contacted by the probe illustrated in Figure 10.1

;.

2) In a directly accessible motor (see 10.6), an uninsulated live part cannot be contacted by

the probe illustrated in Figure 10.4; and

3) In an indirectly accessible motor (see 10.6), an uninsulated live part canno
by the probe illustrated in Figure 10.2.

t be contacted

b) An opening that has a minor dimension of 19.1 mm (3/4 in) or more is acceptable if a part or wire
is spaced from the opening as specified in Table 10.1.
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Figure 10.1

Articulate probe with web stop
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Figure 10.2

Probe for uninsulated live parts
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Figure 10.3

Probe for film-coated wire

19.1mm (3/4") DIA. ~

~=— ANY CONVENIENT LENGTH

12.7mm (1/2") DIA.

4

W

L

PA140C

~=— 101.6mm (47) ~>l

6.4mmc(1/4") RAD.

Figure 10.4

AN

International electrotechnical commission (IEC) articulate accessibility probe with stop plate

Courtesy of IEC

N Stop plate

180

80

36°50' — Cylindrical

All Dimensions in
Millimeters

pal20-1

~220
07
|
1
=1

&

&

@

section &€


https://ulnorm.com/api/?name=UL 325 2023.pdf

FEBRUARY 21, 2023 ANSI/CAN/UL 325 29

10.3 The probes mentioned in 10.1 and 10.2 and illustrated in Figure 10.1, Figure 10.2, Figure 10.3, and
Figure 10.4 shall be applied to any depth that the opening will permit; and shall be rotated or angled
before, during, and after insertion through the opening to any position that is necessary to examine the
enclosure. The probes illustrated in Figure 10.1 and Figure 10.4 shall be applied in any possible
configuration; and, if necessary, the configuration shall be changed after insertion through the opening.

10.4 The probes mentioned in 10.1 and 10.2 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they shall

be applied with the minimum force necessary to determine accessibility.

10.5 With r
diameter of t
opening.

ference 1o the requirements In 10.1 and 10.2, the minor dimension of an
he largest cylindrical probe having a hemispherical tip that can be inserté

10.6 With r¢ference to the requirements in 10.2, an indirectly accessibleymotor is a

accessible by
enclosure, su
conditions no
operator is ins
motor that ca
and will be log

10.7 During
or 10.2, a pa
make an opef

a) The
b) Thg

conne
servici

10.8  With re

the probe illustrated in Figure 10.1 only by opening or removing a par
Ch as a guard or panel, that can be opened or removed with*orwithout using a
ed in 10.7 (a) and (b), or will be located higher than 2.44-m (8 ft) above the
italled as intended and is marked in accordance with 63.5.1. A directly access
N be contacted by the probe illustrated in Figure 10:4_without opening or rem
ated 2.44 m (8 ft) or less above the floor when the Operator is installed as inter

t of the enclosure that may be opened orremoved by the user (to attach an
ating adjustment, relamping, or for otherreasons) is to be opened or removed

enclosure can be removed withouttools, or

enclosure can only be removed using a tool, but it is necessary that the

hg operations.

ference to the requirements in 10.1 and 10.2, insulated brush caps are not

additionally enpclosed.

11 Mechanical Assembly

11.1 An app

pening is the
d through the

motor that is
t of the outer
tool under the
floor when the
ible motor is a
pving any part
ded.

the examination of a product to determine whether it complies with the requirgments in 10.1

accessory, to
f:

appliance be

Cted to the source of supply or instructions specify it be connected to the supply during user

required to be

tion of normal

liance shall be assembled so that it will not be adversely affected by the vibra

operation. Brushrtapsshattbetightty threadedorotherwise desigrnedto prevent foosening:

11.2 A switch, a lampholder, an attachment-plug receptacle, a motor-attachment plug, or similar
component shall be mounted securely and, shall be prevented from shifting or turning.

Exception No. 1: A switch need not be prevented from turning if all four of the following conditions are met:

a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle
switch is considered to be subject to forces that tend to turn the switch during normal operation of
the switch.

b) Means for mounting the switch make it unlikely that operation of the switch will loosen it.

¢) Spacings are not reduced below the minimum acceptable values if the switch rotates.
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d) Normal operation of the switch is by mechanical means rather than direct contact by persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if
rotation cannot reduce spacings below the minimum acceptable values.

11.3 Means for preventing the turning mentioned in 11.2 is to consist of more than friction between
surfaces — for example, a properly applied lock washer, may be used to prevent the turning of a small
stem-mounted switch or other device having a single-hole mounting means.

12 Protection Against Corrosion

ating, or other
ry to persons.

12.1 Iron ang steel parts shall be protected against corrosion by enameling, galvanizingspl
equivalent mefns, if corrosion of such parts could result in a risk of fire, electric shock, of.inju

Exception No.
protection agd
moisture is no

Exception No.

1. Surfaces of sheet steel and cast iron parts within an enclosure are not red
inst corrosion if the oxidation of iron or steel due to the exposure of the me
likely to be appreciable — thickness of metal and temperature also being facto

2: This requirement does not apply to bearings, laminations, or minor parts o

yuired to have
btal to air and
I'sS.

f iron or steel,

such as washers, screws, and the like.

3: This requirement does not apply to the .sheath of a heating element that is not an

e element.

Exception No
immersion-typ|

inst corrosion
vestigation to

12.2 Anenc
as indicated ir
provide at leag

osure of an appliance intended for outdoor installation shall be protected ag3
Table 12.1 and 12.7 — 12.12 or by.ether coating that has been shown by in
t equivalent protection. See 9.1 and"9.2 for the required enclosure thickness.

Table 12.1
Protection against corrosion

1.4 mm (0.053 in) or thicker | Sheet steel thinner than 1.4
sheet steel, protection as mm (0.053 in), protection
Type of enclosure specified in as spqcified in
A. Outer enclpsure protecting motors, wiring, or enclosed live 12.9 2.8
parts
B. Outer enclpsure that is the sole enclosure of live parts 12.8 12.8
Outer enclosuire that daes nat enclose electrical parts 129 2.9
D. Interior enclosure protecting live parts other than motors 12. 12.8
and which is not provided with outer enclosure complying
with item B

12.3 Metal shall not be used in combinations that are not galvanically compatible.

12.4 The requirements in 12.5 — 12.12 do not apply to a metal part, such as a decorative grille, that is not
required to form a part of the enclosure.

12.5 Aluminum, brass, copper, or stainless steel may be used without additional protection against
corrosion.

12.6 A nonmetallic enclosure is to be judged on the basis of the effect of exposure to ultraviolet light and
water.
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12.7 An enclosure of cast iron at least 3.2-mm (1/8-in) thick is considered to be protected by one coat of
an organic finish of the epoxy or alkyd-resin type or other outdoor paint on each surface. The acceptability
of the paint may be determined by consideration of its composition or by corrosion tests if such tests are
considered necessary.

12.8 To comply with Table 12.1 referenced to this requirement, one of the following coatings shall be

used:

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G90 in Table | of
ASTM Designation A653/A653M, with not less than 40 percent of the zinc on any side, based on
the minimum single-spot test requirement in this ASTM specification. The weight of zinc coating
may be determined by any method; however, in case of question, the weight of coating shall be

A-OONL

establ

b) A 2z
applie
minim
the Me

c)Az
alkyd-

1 [ ! At n n ) b A QA A H 'y A-OO-
Nneu I avlurudarivcc Wil T IS UTTITUITUU UT Ao TIVIE DT OIYTNAdluUIT AJUTAJIUIVEL.

inc coating other than that provided on hot-dipped mill-galvanized sheet’s
j to an average thickness of not less than 0.015 mm (0.00061 in),on|each
Im thickness of 0.014 mm (0.00054 in). The thickness of the coating-shall be
tallic-Coating-Thickness Test, Section 50. An annealed coating shall also com

nc coating conforming with 12.9 (a) or (b) with one coat of an‘organic finish ¢
esin type or other outdoor paint on each surface. The(acceptability of the

determiined by consideration of its composition or by corrosion tests if such tests 4

neces

d)Ac
coatin

ary.

bdmium coating not less than 0.025-mm (0.004:in) thick on both surfaces. Th
) shall be established by the Metallic-Coating=Thickness Test, Section 50.

e) A cadmium coating not less than 0.019-mmY(0.00075-in) thick on both surfaces w

outdog
two c(
establ
be as

r paint on both surfaces, or not less'than 0.013-mm (0.0005-in) thick on both
ats of outdoor paint on both surfaces. The thickness of the cadmium co
shed in accordance with the Metallic-Coating-Thickness Test, Section 50, and
Epecified in (c).

teel, uniformly
surface with a
established by
ply with 12.12.

f the epoxy or
paint may be
re considered

e thickness of

ith one coat of
surfaces with
ating shall be
the paint shall

12.9 To comply with Table 12.1referenced to this requirement, one of the following coatings shall be

used:

a) Hot
Table
based
coatin
shall b

Ldipped mill-galvanized sheet steel conforming with the coating Designation
of ASTM-Designation A653/A653M, with not less than 40 percent of the zin
on the minimum single-spot test requirement in this ASTM specification. The
J may-be determined by any method; however, in case of question, the we
e established in accordance with ASTM Designation A90/A90M. An A60 (a

(G60 or A6O0 in
c on any side,
weight of zinc
ght of coating
loyed) coating

shall alsa r‘nmply with 12 12

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.010 mm (0.00041 in) on each surface with a
minimum thickness of 0.008 mm (0.00034 in). The thickness of the coating shall be established by
the Metallic-Coating-Thickness Test, Section 50. An annealed coating shall also comply with 12.12.

c¢) Two coats of an organic finish of the epoxy or alkyd resin type or other outdoor paint applied after
forming on each surface. The acceptability of the paint is to be determined by consideration of its
composition or by corrosion tests if such tests are considered necessary.

d) Any one of the means specified in 12.8.

12.10 With reference to 12.8 and 12.9, other finishes, including paints, metallic finishes, and
combinations of the two may be accepted when comparative tests with galvanized sheet steel — without
annealing, wiping or other surface treatment — conforming with 12.8(a) or 12.9(a), as applicable, indicate
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they provide equivalent protection. Among the factors that are taken into consideration when judging the
acceptability of such coating systems are exposure to salt spray, moist carbon dioxide-sulfur dioxide-air
mixtures, moist hydrogen sulfide-air mixtures, ultraviolet light and water.

12.11 If tests are required, the test specimens of a finish as described in 12.7 or 12.10 or 12.8(c) or
12.9(c), are to be consistent with the finish that is to be used in production with respect to the base metal,
cleaning or pretreatment method, application method, number of coats, curing method, thickness, and the
like.

12.12 A hot-dipped mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing that is not otherwise required to be painted shall be painted in the bent or
formed area if the shaping process damages the zinc coating, except that such an area on the inside

surface of an
coating is con
bent or forme
holes are not ¢

13 Power-S
13.1

13.1.1 Ana
noted in either

13.1.5 Whe
may be provid

a) The
b) Instg

c) Marlk

13.1.6 Whe
terminals of th
Vrms, or 60 V{

13.2 Cord-c

General

enclosure that water does not enter during the rain test need not be pain
sidered to be damaged if flaking or cracking of the zinc coating at the outsidg
 section is visible at 25 power magnification. Simple sheared or cut-edges
onsidered to be formed.

ipply Connections

bpliance shall have provision for permanent connectioh of a wiring system unl
13.3,13.4, 13.5,13.7, 13.8, or 13.9.

e supply cords are permitted by either 18:8;713.4, 13.5, or 13.7, a detachabl
ed when:

appliance inlet complies with the requirements referenced in Annex A, Ref. No
llation instructions comply with 60.1.13; and

ings required by this stahdard are not provided only on a cord tag.

‘e an operator is/provided with multiple sources of supply, such as a standh
e appliance inlet, with the detachable supply cord removed shall not exceed 4
¢ with all other sources of supply connected.

bnnected operators

ted. The zinc
radius of the
and punched

ess otherwise

e supply cord

8;

y battery, the
P.4 Vpeak, 30

13.2.1 Strain relief

13.2.1.1

transmitted to terminals, splices, or internal wiring.

Strain relief shall be provided to prevent a mechanical stress on a flexible cord from being

13.2.1.2 Means shall be provided to prevent the flexible cord from being pushed into the appliance
through the cord-entry hole if such displacement may subject the cord to mechanical damage or exposure
to a temperature higher than that for which the cord is rated, or may reduce spacings, such as to a metal
strain-relief clamp, below the minimum acceptable values.

13.2.1.3 Ifaknotin a flexible cord serves as strain relief, a surface that the knot may contact shall be free
from projections, sharp edges, burrs, fins, and the like, that may cause abrasion of the insulation on the
conductors.
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13.2.2 Bushings

13.2.2.1 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosing case,
there shall be a bushing or the equivalent that shall be substantial, reliably secured in place, and shall
have a smooth, rounded surface against which the cord may bear. If Type SPT-2 or other cord lighter than
Type SV is employed, the wall or barrier is of metal, and the construction is such that the cord may be
subjected to strain or motion, an insulating bushing shall be provided. Ceramic materials and some
molded compositions are generally acceptable for insulating bushing, but separate bushings of wood or of

hot molded shellac-and-tar compositions are not acceptable.

13.3 Drapery operators

13.3.1 A c9
attachment p
for permanen

13.3.2 The

voltage not |g
current rating
13.3.3 Thef
13.3.4 Thel

13.3.5 The
voltage equal

13.3.6 The attachment plug shall be of the polarized type if the product is not provided wi

type attachme

13.4 Residential garage door operators

13.4.1 With
connection to

a) Not

b) Not
locked

rd-connected drapery operator shall be provided with a length of flexible
ug for connection to the supply circuit. When provided with a power-supply
connection of a wiring system is not required.

lexible cord shall be of a type acceptable for the application. It shall be rate
ss than the rated voltage of the appliance, and shall have an,ampacity nof
of the appliance.

exible supply cord shall be Type SPT-2 or heavier duty,cord.
ength of the flexible cord shall not be less than 0.305 m (1 ft) nor more than 3.0

bttachment plug shall be rated for use at’@current not less than the rated cu
to the rated voltage of the appliance.

nt plug — see 25.1.

reference to 13 Ax1"a residential garage door operator supplied with a fle
a supply circuit'shall:

be rated greater than 120 V;

-rotor-condition including the current draw of lamps and external devices;

cord and an
tord, provision

d for use at a

less than the

5m (10 ft).

rrent and at a

h a grounding

bxible cord for

have-asmaximum appliance current draw through the supply cord greater thamn 15 A under a

c) Be constructed of an 18 AWG minimum flexible cord of Type SJT or heavier duty;

d) Not

be longer than 1.83 m (6 ft); and

e) Incorporate a grounding conductor and be terminated with a grounding type attachment plug.

13.4.2 With reference to 13.1.1, a residential garage door operator supplied with a flexible cord for
connection to a supply circuit shall additionally comply with 13.4.3 — 13.4.6, unless provided with
instructions according to 60.4.3 and markings according to 63.3.4.

13.4.3 The wiring compartment shall be so constructed and the cord so attached that permanent
connection can be made to the power supply.
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13.4.4 The cord shall enter the wiring compartment through a 22.2-mm (7/8-in) diameter hole that, after
the cord and any bushing or fitting provided have been removed, provides an opening acceptable for
attachment of a wiring system.

13.4.5 The power-supply cord shall be connected to the internal wiring by:

a) A device — terminal block, pressure cable connector, or the like — that will readily accommodate
permanent wiring having a rated ampacity acceptable for the appliance; or

b) Individual leads, such that after removal of the power-supply cord, permanent wiring to internal
leads inside the wiring compartment complying with 13.6.2.19 can be made.

13.4.6 The iptermat-wiringterminats—and-teads—forconnectionto-the—power-suppty-shat-be identified in
accordance wijth 13.6.2.12, 13.6.2.13, 13.6.2.16, and 13.6.2.17.

13.5 Resideptial and commercial pedestrian door operators

13.5.1 A residential or commercial pedestrian door operator intended for indodr wall mourjting only may
be provided with flexible cord for connection to a supply circuit provided that the door operatqr:

a) Conplies with the requirements in 13.5.2 - 13.5.5, and

b) Is prpvided with instructions in accordance with 60.2.4 and 60.2.5.

13.5.2 The flexible cord shall be Type AFS, S, SJ, SJO,, SJT, SJTO, SO, ST, or STO, n¢t longer than
0.46 m (18 in)} and shall employ a grounding conductor.and a grounding attachment plug.

13.5.3 The donstruction of the wiring compartment shall comply with the requirements jn 13.4.3 and
13.4.4.

13.5.4 The internal power-supply cord cgnnections shall comply with the requirements in 13.4.5.
13.5.5 The internal wiring terminals and leads shall comply with the requirements in 13.4.6.
13.6 Permanently connected appliances

13.6.1 Terminal compartments

13.6.1.1 A tgrminal compartment intended for connection of a supply raceway shall be aftached to the
appliance so gs te’be prevented from turning with respect thereto.

13.6.1.2 An outlet or terminal box in which connections to the power-supply circuit will be made shall be
located so that, after the appliance has been installed as intended, such connections will be accessible for
inspection.

13.6.1.3 The compartment mentioned in 13.6.1.2 shall be located so that during conduit connections
thereto, internal wiring and electrical components will not be exposed to mechanical abuse or stress.

13.6.1.4 A conduit opening for connection of conduit to a terminal compartment shall accommodate
conduit of the trade size determined in accordance with Table 13.1.
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Table 13.1
Trade size of conduit

Wire size, AWG Number of wires Conduit trade size, in Metric designator

14 2,3,4,5,0r6 1/2 16

12 2,3,0r4 1/2 16

12 50r6 3/4 21

10 20r3 1/2 16

10 4,5,0r6 3/4 21

8 2,3,0r4 3/4 21

8 50r6 1 27

6 20r3 3/4 21

6 4 1 27

6 50r6 1-1/4 35
NOTE - This taple is based on the assumption that all conductors are of the same size and there are nio)more thaf six conductors
in the conduit. Where more than six conductors are involved or where the conductors are not all the same size, thg internal cross-
sectional area df the smallest conduit for which a conduit opening is to be supplied shall be determined by multiplyling the total
cross-sectional prea of the wires by 2.5. The cross-sectional area of the individual wires is to be\based on Type THW wire.

13.6.1.5 Sh
less than 0.81
less than 1.14

13.6.2 Wirin

13.6.2.1
an ampacity 1

marked on th¢ appliance.

13.6.2.2 Ifa
adapted upor
which the app
or disrupting i

13.6.2.3 A\
place — for ex

Exception: A

Willing terminals or leads employed shallbe acceptable for the connection of con

pet metal to which a wiring system is to be connectedtin the field shall have &
mm (0.032 in) if uncoated steel, not less than 0.86-mm (0.034 in) if galvanize
mm (0.045 in) if nonferrous.

d terminals and leads

ot less than the sum of 125 percent of the motor load and 100 percent of the

h appliance, other than a-commercial or industrial appliance, is constructed so
installation for either .of-two different supply voltages, it shall be provided
ropriate connections'may be made during field installation, without the necess
hternal wiring or connections other than at the point of field connection. See 63

viring terminal“shall be provided with a pressure terminal connector secure
ample, firmly bolted or held by a screw.

wire=binding screw may be employed at a wiring terminal intended for conn

AWG or smal

thickness not
il steel and not

fuctors having
other loads as

that it may be
vith means by
ty of changing

ly fastened in

ection of a 10

position.

erconductor ifu,m‘urnnrl Iugc arthe pquivnlnnf are pmvirlnrl to hold the wire in

13.6.2.4 A wiring terminal shall be prevented from turning.

13.6.2.5 A wire-binding screw shall thread into metal.

13.6.2.6 A wire-binding screw at a wiring terminal shall not be smaller than No. 10.

Exception No. 1: A No. 8 screw may be used at a terminal intended only for the connection of a 14 AWG

conductor.

Exception No. 2: A No. 6 screw may be used for the connection of a 16 or 18 AWG conductor.
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13.6.2.7 A 14 AWG is the smallest conductor that may be used for branch-circuit wiring, and thus is the
smallest conductor that is anticipated at a terminal for connection of a power-supply wire.

13.6.2.8 A terminal plate tapped for a wire-binding screw shall be of metal not less than 1.27-mm (0.050-
in) thick. There shall be no fewer than two full threads in the metal.

Exception: A plate not less than 0.076-mm (0.030-in) thick is acceptable if the tapped threads have
equivalent mechanical strength.

13.6.2.9 A terminal plate may have the metal extruded at the tapped hole to provide the thickness
necessary for two full threads or more, if the thickness of the unextruded metal is not less than the pitch of

the thread.

13.6.2.10 Uqg
mentioned in 1

turned lugs or a cupped washer shall be capable of retaining a conductc
3.6.2.1 and 13.6.2.6 under the head of the screw or the washer.

13.6.2.11 An|
of the Edison-
an automatic ¢
of the grounds
to screw shell
other than aut

13.6.2.12 A
metal substan
identification d
other manner,

13.6.2.13 A
have a green-
in accordance
does not requi

13.6.2.14 A {erminal used solely for connection of an equipment-grounding conductor shall

securing a cor
13.6.2.15 An

13.6.2.16 Th

appliance intended for connection to a grounded supply circuit and employing
screw-shell type, or either a single-pole switch or an overcurrent.protective dev
ontrol without a marked off position, shall have one terminal or'lead identified 1
d conductor of the supply circuit. The identified terminal or’lead shall be the o
5 of lampholders and to which are connected no single-pole switches or single
bmatic controls without a marked off position.

ferminal for connection of a grounded powersupply conductor shall be of
tially white in color and shall be readily distinguishable from the other termin
f the terminal for the connection of the grounded conductor shall be clearly s
such as on a wiring diagram adjacentto'the terminals.

ire-binding screw intended for\the connection of an equipment-grounding ¢
colored head that is hexagopal; slotted, or both. A pressure wire connector sh
with 63.2.5. The wire-binding screw or pressure wire connector shall be loc
re removal during the normal servicing of the appliance.

ductor of thesize acceptable for the application.

appliance'shall be provided with an equipment-grounding terminal or lead.

r of the size

a lampholder
ice other than
or connection
ne connected
-pole controls

br plated with
als; or proper
hown in some

bnductor shall
all be marked
ated so that it

be capable of

uctor shall be

e.surface of a lead intended for connection to a grounded power-supply cond

white or grey,

and-shattbeTeadity distinguistabte fromrthe otherfeads:

13.6.2.17 The surface of an insulated lead intended solely for connection to an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified.

13.6.2.18 The requirements in 13.6.2.16 and 13.6.2.17 relating to color coding for identification do not
apply to internal wiring that is not visible in a wiring compartment in which field connections are to be
made.

13.6.2.19 The free length of a lead inside an outlet box or wiring compartment shall be 152 mm (6 in) or
more if the lead is intended for field connection to an external circuit.

Exception: A lead may be less than 152-mm (6-in) long if it is evident that the use of a longer lead might
result in a risk of fire or electric shock.
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13.6.2.20 A lead intended to be spliced in the field to a power-supply conductor shall not be smaller than
18 AWG and the insulation, if rubber or thermoplastic, shall not be less than 0.8-mm (1/32-in) thick.

13.6.2.21
2 circuit to an

external device shall be marked in accordance with 63.2.7.

13.7 Exterior shutter and exterior awning operators

13.7 1
connection to

a) Not

a supply circuit shall:

be rated greater than 120 V;

A terminal or lead connected to a Class 2 power source and intended for connection of a Class

An exterior shutter and exterior awning operator having a flexible cord and an attachment plug for

b) Not
and

c) Con

have a maximum appliance current draw greater than 15 A under a locked-ii

ply with the requirements in 13.7.2 — 13.7.6.

13.7.2 The power-supply cord may be 3 conductors (hot, neutral, and ground) or 4 condu

1, direction 2,

13.7.3 The
exterior shutt
incorporate a
is provided.

neutral, and ground).

lexible cord shall be Type SJTW or heavier duty-Cord not longer than 2 m
br operator and not longer than 8 m (26 ft) for.an exterior awning motor. ]
grounding conductor and be terminated with a.grounding type attachment plu

13.7.4 The attachment plug, if provided, shall be rated for use at a current not less than th

of the operatd
13.7.5 The

no removal p
can be remov|

13.7.6 The

r and at a voltage equal to the rated,voltage of the operator.

power-supply cord may be permanently connected to the internal wiring of the

ed to expose the individual insulated conductors.

bower-supply cable,may be removable from the head of operator by means

molded conngctor or the like. If permanent wiring to the wiring system is needed, the attac

provided, can

be removed.to. expose the individual insulated conductors.

13.7.7 Ifre
connections

W

oval_of\the power-supply cord is required, per the instructions, for making pe

inside the operator, the operator shall additionally comply with 13.4.3 — 13.4.6.

otor condition,

ctors (direction

(6.6 ft) for an
[he cord shall
g when a plug

e rated current

operator with

bssible. If permanent wiring.to the wiring system is needed, the attachment plig, if provided,

of a device —
hment plug, if

manent wiring

13.8 Light-duty commercial door operators

13.8.1
connection to

a) Not

a supply circuit shall:

be rated greater than 120 V;

With reference to 13.1.1, a light duty commercial door operator supplied with a flexible cord for

b) Not have a maximum appliance current draw through the supply cord greater than 15 A under a
locked-rotor condition including the current draw of lamps and external devices; and

c) Comply with the requirements in 13.4.2 - 13.4.6.
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13.9 Direct plug-in accessories

13.9.1 An accessory device, such as an unattended operation control accessory, configured for direct
plug-in instead of power supply cord or permanent wiring, shall comply with Supplement SB.

14 Live Parts

14.1 Other than as noted in 14.2 and 15.4.2, a current-carrying part shall be of silver, copper, a copper
alloy, or other material acceptable for the purpose. Unplated iron or steel shall not be used.

14.2 Plated iron or steel is an alternative for a current-carrying part:

a) The temperature of which during normal operation is more than 100°C (212°F),
b) Within a motor or associated governor, or

¢) In adcordance with 5.1.
The foregoing|restrictions do not apply to stainless steel and other corrosion-resistant alloys.

14.3 An uninsulated live part shall be secured to the base or mounting surface so that it will be prevented
from turning of shifting in position if such motion may result in a reduction of spacings below the minimum
acceptable values.

14.4 Friction|between surfaces is not acceptable as the Sole means to prevent the turning|of a live part,
but a properly ppplied lock washer may be used for this purpose.

15 Internal Wiring
15.1 General
15.1.1  The Wiring and connections between parts of an appliance shall be protected or enclosed.

Exception: A Iength of flexible-cord may be employed for external connections if flexibility is ¢ssential. See
15.1.5 and 15]1.6. The desigh-shall be such as to prevent damage to the cord resulting from contact with
the door or bullding.

15.1.2 The internalwiring of an appliance shall consist of wires of a type or types that are acceptable for
the application, when considered with respect to the temperatures and voltage to which the wiring is likely
anaoet t MY aoctra-t lLoararoaaca an daaath racnAan + +

to be subjectedwith-respectio-its-exposure-to-oil-orgreaseand-with-respeetto-othereonditions of service

to which it is likely to be subjected.

15.1.3 Thermoplastic-insulated wire employed for internal wiring shall be standard building wire or
appliance wiring material acceptable for the purpose.

Exception: The type of wiring insulation is not specified if the electrical source complies with 15.4.3 or the
source and cable combination complies with Interconnection Cable Overload Test of Section 54.

15.1.4 Deleted

15.1.5 Internal wiring of an appliance is considered to be all the interconnecting wiring beyond the point
where the power-supply cord of a cord-connected appliance enters the enclosure, or beyond the wiring
terminals or leads for power-supply connection of a permanently connected appliance. Some of such
wiring may not be completely enclosed and some of it may be in the form of flexible cord. With reference to
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exposure of insulated wiring through an opening in the enclosure of an appliance, the protection of such
wiring required in 15.1.1 is considered to exist if, when judged as though it were enameled wire, the wiring
would be acceptable according to 10.2. Internal wiring not so protected may be acceptable if it is secured
within the enclosure so that it is unlikely to be subjected to stress or mechanical damage.

15.1.6 Type SJT, SJTO, ST, or STO cord — not longer than 305 mm (12 in) if it terminates in a
conventional attachment plug — may be used to connect subassemblies of a residential door operator that
is permanently connected to the power supply. See 15.1.1.

15.1.7 The internal wiring between components of an appliance shall consist of wires having insulation

not less than 0.8-mm (1/32-in) thick.

Exception: TH
rms or less is

15.1.8 Alum
interconnectid
method that ig

15.1.9 With

termination dévice shall be acceptable for use with aluminum underthe conditions involved

temperature,

15110 An
mm (0.250-in
in the Standa
quick-connec
forces of the

the requireménts for quick-connect terminals-in the Standards for Electrical Quick Conr

referenced in
15.2 Proted

15.2.1 If the
may be subje
tubing, metal

15.2.2 Wire
no damage tg

e thickness of insulation on wiring in circuits supplied by a Class 2 transform
not specified.

num conductors, insulated or uninsulated, used as internal/Owiring,
n between current-carrying parts or as motor windings, shall be terminated at
acceptable for the combination of metals involved at the connection point.

reference to 15.1.8, a wire-binding screw or a pressure terminal connec

heat cycling, vibration, and the like.

pminal 2.8 mm (0.110-in), 3.2 mm (0.125-in), 4.8 mm (0.187-in), 5.2 mm (0.
wide quick-connect terminal shall complywith the requirements for quick-con
rds for Electrical Quick Connect Terminals referenced in Annex A, Ref. No. 9.
terminals shall be investigated with@espect to crimp pull-out, engagement-d
connector and tab, and temperature rises. All tests are to be conducted in ag

Annex A, Ref. No. 9.

tion of wiring

wiring of an appliance is located so that it may be in proximity to combusti
ct to mechanical-damage, it shall be in armored cable, rigid metal conduit, ele

raceway, of, 6therwise acceptably protected.

5 withinsan enclosure, compartment, raceway, or the like shall be located or pr
conddctor insulation can result from contact with any rough, sharp, or moving

her rated 30 V

such as for
each end by a

or used as a
— for example,

P05-in), or 6.4
nect terminals
Other sizes of
isengagement
cordance with
ect Terminals

ble material or

ctrical metallic

btected so that
part.

15.2.3 A hole, through which insulated wires pass in a sheet-metal wall within the overall enclosure of an
appliance shall be provided with a smooth, rounded bushing or shall have smooth rounded surfaces upon
which the wires may bear to prevent abrasion of the insulation. A flexible cable used for external
interconnection as mentioned in 15.1.1 shall be provided with bushings and strain relief in accordance with
13.2.1.1 — 13.2.2.1 and Strain-Relief Test, Section 53 unless the construction is such that the cord will be
protected from stress or motion.

15.2.4 Insulated wires may be bunched and passed through a single opening in a metal wall within the
enclosure of the appliance.
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15.3 Splices and connections

15.3.1 All splices and connections shall be mechanically secure and shall provide reliable electrical
contact. A soldered connection shall be made mechanically secure before being soldered if breaking or
loosening of the connection may result in a risk of fire, electric shock, or injury to persons.

15.3.2 A splice shall be provided with insulation equivalent to that of the wires involved if the spacing
between the splice and other metal parts may not be permanently maintained.

15.3.3 Insulation consisting of two layers of friction tape, of two layers of acceptable thermoplastic tape,
or of one layer of friction tape on top of one layer of rubber tape may be used on a splice if the voltage
involved is less than 250 V. In determining if splice insulation consisting of coated-fabric, thermoplastic, or
other type of tubing is acceptable, consideration is to be given to such factors as its dielectric properties,

heat resistang
sharp edge is
temperature rz

15.3.4 The means of connecting standard internal wiring to a wire-binding-screw shall be s

strands of wirg
metal parts. 1
crimped eyele

15.4 Second

15.4.1 Other
for line-voltagg

hot acceptable. An insulated splicing device is acceptable within the limits’of i

e, moisture-resistance characteristics, and the like. Thermoplastic tape |wr
tings.
cannot contact other live parts not always of the same palarity as the wire of

his may be accomplished by the use of pressure terminal connectors, s
s, soldering all strands of the wire together, or other reliable means.

ary circuits

than as noted in 15.4.2 and 15.4.4, secondary circuits are judged under the
circuits.

bpped over a

s voltage and

Lich that loose

contact dead

bldering lugs,

requirements

15.4.2 Ina (lass 2 circuit:
a) Live|parts are not required to be enclosed;
b) The frame is useable as a current-carrying part;
¢) The ppacing requirements' of Table 24.2 do not apply; and
d) The dielectric voltage-withstand test potential is as specified in 47.1(d).
15.4.3 A Class 2 transformer used as a supply for a Class 2 circuit shall comply with thg Standard for

D. 10, and the
ced in Annex

Low Voltage Transfarmers — Part 1: General Requirements, referenced in Annex A, Ref. N
Standard for Jow'Vo6ltage Transformers — Part 3: Class 2 and Class 3 Transformers, referer
A, Ref. No. 11.

15.4.4 In a circuit that is supplied from an isolating transformer that does not comply with the
requirements for a Class 2 transformer, has an open-circuit sinusoidal potential of 30 V (42.4 V peak) or
less, and that includes:

a) A reliable fixed impedance,
b) A fuse, or

¢) A nonadjustable manually reset circuit protector that limits the power available to the levels for
Class 2 transformers,

the portion of the circuit on the load side of the impedance, fuse, or protector is to be treated as though it
were supplied from a Class 2 transformer. The secondary winding of the transformer; the impedance, the
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fuse, or the protector; and the wiring between the two are to be evaluated as though they are part of a line-
voltage circuit. See 63.2.7.

Exception: The type of wiring insulation is not specified if the source and cable combination complies with
Interconnection Cable Overload Test of Section 54.

15.4.5 A fuse or circuit protector used to limit the power as specified in 15.4.4 is to be rated or set at not
more than 3.2 A for a circuit operating between 20 and 30 V rms sinusoidal and at not more than 5.0 A for
a 0 — 20 V rms sinusoidal circuit. If an impedance is used to limit the current, its value is to limit the current
under short-circuit conditions to not more than 8.0 A measured after 1 min.

15.4.6 The wiring in the secondary circuits mentioned in 15.4.2 and 15.4.4 shall be reliably routed away
from the wiring and uninsulated live parts of other circuits or shall be provided with insulatign that is rated
for use at the highest of the voltages in the other circuits.

15.4.7 Wiring compartments or the equivalent for field-wiring terminals for secOndary cifcuits shall be
separated or $egregated by barriers from wiring compartments for other terminals:

15.4.8 Cabl¢ supplied with the operator for connection of a Class 2 gircuit to an externgal device, and
cable suppliedl with an external device intended for connection to a Class’2 circuit of an operptor shall be:

a) Type CL2, CL2P, CL2R, or CL2X complying with the Standard for Power-Limited Circuit Cables,
referenced in Annex A, Ref. No. 12, or

b) Other cable with equivalent or better electrical, mechanical, and flammability ratings; or

c) Cable that is a factory-connected integralpart of a Class 2 power supply complying with the
Standard for Class 2 Power Units, referenced in Annex A, Ref. No. 13, or a Class|2 transformer
complying with the Standard for Low. Voltage Transformers — Part 3: Class 2[ and Class 3
Transfprmers, referenced in Annex A; Ref. No. 11, or an LPS (Limited Power Source) supply
complying the Standard for Information Technology Equipment — Safety — Pdrt 1: General
Requitements, referenced in Ahnex A, Ref. No. 14.

16 Electrical Insulation

16.1 MateriTI for the mounting of uninsulated live parts shall be porcelain, phenolic compasition, or other
insulating material acceptable for the application.

16.2 Ordinaly vulecanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not as the.sole support for uninsulated live parts if shrinkage, current leakage, or [warpage may
introduce a risk of fire or electric shock. Thermoplastic materials are not considered to be acceptable for
the sole support of uninsulated live parts, but may be employed if found to have equivalent mechanical
strength and rigidity, resistance to heat, resistance to flame propagation, dielectric strength, and other
properties acceptable for the application.

16.3 Small molded parts, such as brush caps, shall be constructed to have the necessary mechanical
strength and rigidity to withstand the stress of actual service. Brush caps shall be secured or located to be
protected from mechanical damage that might result during normal use.

17 Motors

17.1 A motor shall comply with the Standard for Rotating Electrical Machines — General Requirements,
referenced in Annex A, Ref. No. 15, and shall be capable of handling the maximum normal load of the
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appliance as described in 46.2.1 — 46.11.1 without introducing a risk of fire, electric shock, or injury to
persons.

17.2 A motor winding shall be such as to resist the absorption of moisture, and shall be formed and
assembled in a workmanlike manner.

17.3 With reference to the requirements in 17.2, enameled wire is not required to be additionally treated
to prevent absorption of moisture.

17.4 A brush-holder assembly shall be constructed so that when a brush is worn out — no longer capable
of performing its function — the brush, spring, and other parts of the assembly will be retained to the degree
necessary to prevent accessible dead metal parts from becoming energized, and to prevent live parts from
becoming accgssible.

18 Overload Protection

18.1 A moto
rotor condition

shall incorporate thermal or overload protection for running-overload (heating
S complying with the requirements in 18.2.

)) and locked-

Exception No. that requires

continuous prg

1: A drapery operator incorporating a momentary contact switch — a switch
ssure — is not required to have overload protection.

ndustrial door
{ locked-rotor

Exception No| 2: An integral horsepower or polyphase motor-'used on a commercial or i
operator is considered to have acceptable overload protection if it is protected agains
conditions only.

Exception No.

Exception No.
provided with

18.2 Motor-g
following:

a) The
Protect

3: A motor supplied from a Class 2.¢circuit need not be provided with overload

4: A motor supplied from a _low power circuit complying with Supplement S/
bverload protection.

verload protection required for a product in accordance with 18.1 shall consis

mal protection complying with the applicable requirements in the Standard fo
ion for Motors, referenced in Annex A, Ref. No. 5.

Except

limits the 1ength of time the product is able to operate, a shorter test duration for the
Tempe[a.tuze,.the.&un.n.mg..‘:teaﬁn‘ ing Temperature_and the Locked-Rotor Endurance te

jon NexT: When a product includes a control, such as a timer, that positive

rotection.

\ need not be

of one of the

r Overheating

y and reliably
L ocked-Rotor

sts meets the

intent of the requirement. For this construction, the duration of these tests shall not be less than the

time to

which the control limits product operation.

Exception No. 2: When the time required to operate a manually reset protective device through 10
cycles of operation is longer than the time the product is intended to be operated during each use,
less than 10 cycles of operation of the device for the Locked-Rotor Temperature Test meets the
intent of the requirement. For this construction, the number of cycles shall be 4 cycles or the
number of cycles required for maximum intended operating time of the product, whichever is

longer.

Exception No. 3: A motor intended only for moving air and that has an air-moving fan that is
integrally attached, keyed, or otherwise fixed to the motor shaft is not required to have running
overload protection.
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b) Impedance protection complying with the applicable requirements in the Standard for
Overheating Protection for Motors, referenced in Annex A, Ref. No. 5, when the motor is tested as
used in the product under locked-rotor conditions.

c) Other protection that is shown by test to be equivalent to the protection specified in (a).

d) Electronic protection integral to the motor shall comply with the Standard for Electronically
Protected Motors, referenced in Annex A, Ref. No. 16, or the requirements in Supplement SA.

e) Electronic protection complying with the tests of standards referenced in Annex A, Ref. No. 17
and the circuit requirements of Supplement SA.

18.3 The functioning of a motor-protective device,  whether such device is required or not

shall not result

in a risk of fire

18.4 An ove
the appliance

18.5 Anove

18.6 A prot
replacement,

Exception No
applicable req

Exception No
appliance bed
circuit diagrar

18.7 A prote
or cover.

Exception: TH
protector, and

18.8 Unless
installed so th
person remov

, electric shock, or injury to persons.

rload- or overcurrent-protective device shall not open the circuit during,norm
except as noted in 46.4.1, 46.7.2, and 46.7.3.

rcurrent or thermal protective device shall be of a type acceptablé for the appli

bctive device, such as a fuse, the normal functiehing of which require
shall be in a readily accessible location.

1: If the appliance, with the protective device‘\shunted out of the circuit, coj
uirements in this standard, the protective device need not be readily accessibl

2: If the presence of the protective device would ordinarily be unknown to
ause of its location and the omission‘of reference to the device in the operatin
s, and the like for the appliancethe protective device need not be readily acc

ctive device shall be wholly:ihaccessible from outside the appliance without g

e operating handle 'of a circuit breaker, the operating button of a manually g
similar parts may project outside the appliance enclosure.

the appliance is marked in accordance with 63.1.17, a fuseholder shall be
at no uhinsulated live part other than the screwshell or clips will be exposed f{
ing-orreplacing a fuse. The screwshell of a plug-type fuseholder shall be con

Al operation of

cation.

s renewal or

implies with all

al
.

he user of the
g instructions,
essible.

pening a door

perable motor

designed and
0 contact by a
nected toward

the load.

Exception: The requirement relating to exposure of uninsulated live parts does not apply under the
conditions described in Exception No. 2 to 18.6.

18.9 The door or cover of an enclosure shall be hinged or otherwise attached in an equivalent manner if
it gives access to any overload protective device, the normal functioning of which requires renewal, or if it
is necessary to open the cover in connection with the normal operation of the protective device.

18.10 Means shall be provided for holding the door or cover over a fuseholder in a closed position, and
the door or cover shall be tight-fitting.
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19 Switches and Controls

19.1 A switch shall be located or protected so that it shall not be normally exposed to mechanical
damage during use.

19.2 A switch shall be acceptable for the application, and shall have a current and voltage rating not less
than that of the load that it controls when the appliance is operated normally.

19.3 A switch controlling one or more electric heating elements shall be arranged so that opening the
switch will disconnect all the ungrounded conductors of the power-supply circuit.

¢ device shall
ntrols.

or other device that controls a contactor. a relay coil or other electromagnet
nd volt-ampere ratings not less than the corresponding ratings of the load it©o

19.4 A switc
have voltage &

Dr an electric-
mer or ballast

19.5 The cufrent rating of a switch that controls an inductive load, such as a transformer
discharge-lamp-ballast, shall not be less than twice the rated full-load current of thetransfor

unless the swi

19.6 A switc
acceptable for]

19.7 A switc
a potential to
circuit.

Exception: Th
19.8 A comi

appliance with
than 150 V.

ch has been investigated and found to be acceptable for the appliCation.

h that controls a medium-base lampholder of other than a pilot or indicating
use with tungsten-filament lamps.

h provided as part of an appliance intended to be.cohnected to a power-supply
ground of more than 150 V shall be acceptablefor the maximum potential to

s requirement does not apply to an appliance marked in accordance with 63.1.

hercial or industrial operator connected to a 2-wire, single-phase, or a 3-
a rating in the range from 220 ~240 V is assumed to involve a potential to g

light shall be

circuit having
ground of the

8 or63.1.9.

ire, 3-phase
ound of more

19.9 A nominal 208 V, single or 3=phase appliance is considered to involve a potential to ground of less

than 150 V.

19.10 An af
requirements
is acceptable
Electrical Con

pliance conttol containing solid-state components that complies with t
n the Stafdard for Solid-State Controls for Appliances, referenced in Annex A
or use.inequipment covered by this standard. Compliance with the Standard
rols =Part 1: General Requirements, and/or the applicable Part 2 standard,

ne applicable
, Ref. No. 18,
for Automatic
referenced in

Annex A, Ref.

No.) 19 fulfills these requirements.

Exception: A control or electronic circuit that complies with Supplement SA is considered to fulfill this
requirement.

19.11 If a switch or circuit breaker is mounted such that movement of the operating handle, either linearly
or rotationally, between the on and off positions results in one position being above the other position, then
the upper position shall be the on position.

Exception: The requirement does not apply to a switching device having more than two on positions such
as a double throw switch, or a switching device located in a low voltage circuit.

19.12 No switch or overcurrent-protective device of the single-pole type other than an automatic control
without a marked off position shall be electrically connected to a terminal or lead intended for connection
to the grounded conductor of the supply circuit.
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19.13

system), one button shall be a stop button.

20 Heating

20.1

Elements

against mechanical damage and contact with outside objects.

21

Lampholders, Light Emitting Diodes (LED) Light Sources, and Lighting Ballasts

If a three-button switch or control is provided with a commercial/industrial door operator (or

A heating element shall be supported in a substantial and reliable manner, and shall be protected

21.1 If an appliance is intended to be connected to the grounded conductor of the power-supply circuit,

|l of any Edison-base lampholder in the appliance shall be connected to that conductor.

the screw she

21.2 Alamp
will not be exj

21.3 Alight
Standard for
Ref. No. 20. |
for indicating

holder shall be designed or installed so that uninsulated live parts otherctthan
osed to contact by persons removing or replacing lamps in normal service.

emitting diode (LED) light source that serves as a source of illumination shall ¢
Light Emitting Diode (LED) Equipment For Use In Lighting Rroducts, referenct
hdividual light emitting diodes mounted on the printed wiring board of a contro
burposes shall be evaluated with the control.

Exception: Ap LED light source and its driver supplied by a_Class 2 circuit need not cg

requirement.

21.4 Lightin
A, Ref. No. 2
No. 22.

j ballasts shall comply with the Standard for Fluorescent-Lamp Ballasts, referg
1, or the Standard for High-Intensity-Discharge Lamp Ballasts, referenced in

22 Receptacles

221 An att3

22.2 The faq
a)Be f

b) Proj

chment-plug receptacle intended for use by the serviceman shall be of the gro

e of a receptaclesshall:
lush with or_project beyond a nonconductive surrounding surface, or

ect at least 0.31 mm (0.015 in) beyond a conductive surrounding surface.

22.3 Anapp

h lamp contact

omply with the
ed in Annex A,
| and intended

mply with this

nced in Annex

Annex A, Ref.

Linding type.

liance having a general-use convenience receptacle rated 120 V, single phasg

,and 15 or 20

A shall be pr

fdedwith-aground=fauttcircuitinterropter:

22.4 A general purpose receptacle rated for use on a nominal 120 V circuit shall be of a polarized type.
The grounded supply conductor shall be connected to the terminal that is substantially white in color or
otherwise marked to indicate that it is intended for connection to the grounded supply conductor.

23 Capacitors

231

steady-state potential to which the capacitor is subjected during operation of the appliance.

The voltage rating of a capacitor, other than a motor capacitor, shall not be less than the maximum

23.2 A capacitor connected from one side of the line to the frame or enclosure of an appliance shall have
a capacitance rating of not more than 0.10 pF.
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24 Spacings

241

Other than noted in 15.4.2, 24.6, and 24.9, the spacing between field-wiring terminals of opposite

polarity and the spacing between a field-wiring terminal and any other uninsulated metal part — dead or live
— not of the same polarity, shall not be less than specified in Table 24.1.

Table 24.1
Spacings at field-wiring terminals
Minimum spacings, mm (in)
Between terminals and other uninsulated terminals, metal parts not
Potential Between wiring terminals, alway roughai, o me poranty

involved, V through air, or over surface Over surface Through air

250 or less 6.4 (1/4) 6.4 (1/4) 6.4 (1/4)
More than 250 12.7° (1/2) 12.7° (1/2) 9.5 (3/8)

@ Applies to the qum of the spacings involved where an isolated dead part is interposed.

b A spacing of ndt less than 9.5 mm (3/8 in), through air and over surface, is acceptable at wiring‘términals in a wiring
compartment or ferminal box if the compartment or box is integrated with a motor.

24.2 Spacings in a motor shall comply with the spacing requirements in the Standard for Rotating

Electrical Machines — General Requirements, referenced in Annex A, Ref. No. 15.

24.3 Other than at field-wiring terminals and as noted in 15.4.2 and 24.6, the spaging between
uninsulated livie parts of opposite polarity, and betweenan uninsulated live part and dead matal part that is
exposed to coptact by persons or that may be grounded, shall not be less than the value specified in Table
24.2. If an urinsulated live part is not rigidly fixed in position, by means other than frigtion between
surfaces, or ifla movable dead metal part is in¢proximity to an uninsulated live part, the conptruction shall
be such that the required minimum acceptable ‘spacing will be maintained.

Table 24.2
Spacings at other than field-wiring terminals
Minimum spacings, mm (in)
'Potelntizl Motof diameter 178 mm (7 in) or less? Motor diameter more than 178 mim (7 in)?
involved,
' Oversurface Through air Over surface Thrpugh air
0-125 240 (3/32) 2.4° (3/32) 6.4° (1/4) 3.2° (1/8)
125 — 250 24 (3(32) 24 (3/32) 68.4¢ ZVA 8.4° (1/4)
251600 12.7¢ (112) 9.5 (3/8) 12.7¢ (112) 9.5° (3/8)

@ This is the diameter, measured in the plane of the laminations, of the circle circumscribing the stator frame, excluding lugs, fins,

boxes, and the like, used solely for motor mounting, cooling, assembly, or connection.

b For a motor rated 1/3 horsepower (250 W output) or less, these spacings may not be less than 1.6 mm (1/16 in).

¢ Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 2.4 mm (3/32 in) over surface
and through air is acceptable between film-coated wire rigidly supported and held in place on a coil and a dead metal part.

24.4 A wiring terminal is considered to be a terminal to which a wire may be connected in the field,
unless the wire and a means of making the connection — a pressure terminal connector, soldering lug,
soldered loop, crimped eyelet, or the like — factory-assembled to the wire, are provided as a part of the

appliance.
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245 In applying Table 24.1 to an appliance incorporating two or more motors of different sizes, the
spacings in the appliance are judged on the basis of the size of the largest motor in the appliance.

24.6 The spacing requirements in 24.1 — 24.5 do not apply to the inherent spacings of a component of
the appliance, such as a snap switch; such spacings are judged on the basis of the requirements for the

component in

24.7 Where

question.

an isolated dead metal part is interposed between, or is in close proximity to:

a) Live parts of opposite polarity,

b) A live part and an exposed dead metal part, or

c) A liy

the spacing s
the other part
other parts sh

24.8 Inthe
the appropria
relationships
applying to a
alternating cu

e part and a dead metal part that is to be grounded;

hall not be less than 1.2 mm (3/64 in) between the isolated dead metal-part g
5 specified in (a) — (c) and the total spacing between the isolated déad“metal p
all not be less than the value specified in Table 24.1 or Table 24.2, whichever is

pplication of 47.1 and Table 24.2 to a motor not rated in.horsepower, use is
e table of the National Electrical Code, referenced in’,Annex A, Ref. No. 1,
between horsepower and full-load currents for metors. For a universal m
single-phase, alternating current motor is to be .used if the appliance is mar
rrent only; otherwise, the table applying to direct>current motors is to be used.

nd any one of
art and the two
5 applicable.

to be made of
that gives the
ptor, the table
ed for use on

24.9 At terminal screws and studs to which conneetion may be made in the field by means of wire

connectors, ¢
24.2 when su
polarity and tq

2410 Anin
would otherw
such material

Exception No|
air spacing of|

Exception Ng.

investigation,

yelets, or the like, it is required that thesspacings be not less than those spe

dead metal — exist.

sulating lining or barrier of Vulcanized fiber or similar materials employed wj
se be insufficient shall notybe less than 0.8-mm (1/32-in) thick, and shall be s
that it will not be adversely affected by arcing.

not less than\60 percent of the spacing required for air alone.

2: Insulating material having a thickness less than that specified may be
it is.found to be acceptable for the application.

cified in Table

ch connectors, eyelets, and the like.are in such position that minimum spacinpgs — opposite

here spacings
D located or of

1: Vulcanizedfiber not less than 0.4-mm (1/64-in) thick may be used in conjiynction with an

used if, upon

25 Groundi

251

ng

Except for drapery operators, all exposed dead metal parts and all dead metal parts within the

enclosure that are exposed to contact by the user or serviceman and that are likely to become energized
shall be reliably connected to:

a) The

b) The

equipment-grounding terminal or lead of a permanently installed appliance.

equipment-grounding conductor of the cord of a cord-connected machine.

25.2 The surface of insulation on a grounding conductor of a flexible cord shall be green or green with or
without one or more yellow stripes. The grounding conductor shall be secured to the frame or enclosure of
the appliance by means of a screw or other reliable means that is not unintentionally removable during any
servicing operation involving the power-supply cord. A sheet-metal (spaced thread) screw shall not be
used to secure a grounding conductor. Solder alone shall not be used for securing the grounding
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conductor. The grounding conductor shall be connected to the grounding blade or equivalent fixed
contacting member of an attachment plug. For the purpose of this requirement, servicing includes repair of
the appliance by a qualified serviceman.

25.3 The following are considered to constitute means for grounding:

a) In an appliance intended to be permanently connected to a wiring system — the equipment-
grounding terminal or lead.

b) In a cord-connected appliance — an equipment-grounding conductor in the cord.

PROTECTION AGAINST RISK OF INJURY TO PERSONS

26 General

26.1 If an ad
result in a risk

26.2 An app

prevent the motor from restarting when the protector closes.

26.3 Parts s
pressure loss.

26.4 A part

spring mechanism which is supplied with the operator.system, such as a torsion or extensio

not develop 4
equipped with
breaks.

26.5 Anenc
sharp to causs

26.6 Software for use in an.linherent secondary entrapment protection device shall co

Standard for §

Exception: A
requirement,

tomatically-reset protective device is employed, automatic restartifg of a m
of injury to persons.

iance is considered to comply with the requirement in 26.\if some means

upported or actuated hydraulically shall not dev€lop a risk of injury to pe

bf a gate operator system or a door operator system supported or counterh

risk of injury in the event the spring~breaks. Similarly, the operator or sy
a device capable of restraining the\spring or any part of the spring in the ev

osure, an opening, a frame; a guard, a knob, a handle, or the like shall not
a risk of injury to persons‘in normal maintenance or use.

oftware in Programmable Components, referenced in Annex A, Ref. No. 23.

control ©Or ‘electronic circuit that complies with Supplement SA is considere

otor shall not

s provided to

rsons due to

alanced by a
N spring, shall
stem shall be
ent the spring

be sufficiently

mply with the

o to fulfill this

r oathae £

A ot Hthat ~narfa e a-h ]

Hen intended to

26.7 An electrern

aRie. raanli olro o o oW PEEET-NE HZCX -V RPN IET-V-\ 1
OGO SUNMG-StatC— o ourt tat pehion o a vaoiKap,nrrarty; O ot oo

reduce the risk of fire, electric shock, or injury to persons, including entrapment protection circuits, shall
comply with the requirements in the Standard for Tests for Safety-Related Controls Employing Solid-State
Devices, referenced in Annex A, Ref. No. 24, including environmental and stress tests appropriate to the
intended usage of the end-product.

Exception: A control or electronic circuit that complies with Supplement SA is considered to fulfill this
requirement.

26.8 The following test parameters are to be used in the investigation of the circuit covered by 26.7, for
compliance with the Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL
991 or Safety functions incorporating electronic technology, CSA 22.2 No. 0.8:
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critical conditi

a) With regard to electrical supervision of critical components, an operator being inoperative with
respect to closing movement of the door, or the closing or opening movement of the gate, meets

the criteria for trouble indication.

b) A field strength of 3 V per meter is to be used for the Radiated EMI Test.

c) The Composite Operational and Cycling Test is to be conducted for 14 days at temperature

extremes of minus 35°C (minus 31°F) and 70°C (158°F).
d) Exposure Class H5 is to be used for the Humidity Test.

e) A vibration level of 5 g is to be used for the Vibration Test.

0 failufes/10° hours. The Operational Test is to be conducted for 14 days

Exception: An external secondary entrapment protection device or'system that is s
and that has a A, greater than 0 failures/1 0% hours meets the intent of the requireme
combihation of the operator and the specified external secondary entrapment prote
systems A, does not exceed 6 failures/10° hours. See 63.36563.3.7.

g) WHen the Demonstrated Method Test is conducted, the multiplier is to be
continpous usage level, and a minimum of 24 units for'a minimum of 24 h per unit are

h) Thg Endurance Test is to be conducted concurrently with the Operational Test. Th

higher
closing of the door or gate at a rate-of ohe open-close operation per minute.

i) For
operat

he Electrical Fast Transient Burst Test, test level 3 is to be used for residenti
ors and all other indaor use operators. For all other operators, test level 4 is to

In the pvaluation of entrapment protection circuits used in residential garage door

bn flow chart'shown in Figure 26.1 shall be used to:
a) To qonduct(@failure-mode and effect analysis (FMEA),

b) In investigating the performance during the Environmental Stress Tests, and

6 failures/10°
r systems that
hal secondary
e greater than

bld separately,
nt when for the
btion device or

based on the
to be tested.

e control shall

its intended function while being conditioned for 14 days in an ambient air {femperature of
140°F), or 10°C (18°F) greater than-the operating temperature of the contro|,
During the test, the control is, to be operated in a manner representing th¢ opening and

whichever is

bl garage door
be used.

operators, the

c) During the Power Cycling Tests in accordance with the Standard for Tests for Safety-Related
Controls Employing Solid-State Devices, UL 991 or Safety functions incorporating electronic

technology, CSA 22.2 No. 0.8.

d) During evaluation of the circuit to the requirements in Supplement SA.
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NOTES -
1) See 33.2.2.1.
2)See 33.2.2.8.

Figure 26.1

Critical condition flow chart for residential garage door operator entrapment protection devices
and functions

OPERATOR

DIRECTION?

WILL STILL MOVE
DOOR IN DOWNWARD

EXTERNAL
ENTRAPMENT

OPERATIONAL?

TWO
SECOND,
REVERSAL
OPERATIONAL?

THIRTY
OPERATIONAL?

YES

PROTECTION DEVICE

SECOND REVERSAL

NO

CONSTANT
PRESSURE ON
CONTROL REQUIRED
TO CLOSE
DOOR?

NO NO

INOPERATIVE
YES AT THE END OF

SM395A

NON-CRITICAL

THE OPENING OR
CLOSING
CYCLE?

CRITICAL
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26.10 The conditions specified in 26.11 and 26.12 shall be used during the following:

a) Failure-mode and effect analysis (FMEA),

b) Investigation of performance during the Environmental Stress Test, and

c) Power Cycling Tests in accordance with the Standard for Tests for Safety-Related Controls
Employing Solid-State Devices, UL 991 or Safety functions incorporating electronic technology,

CSA 2

d) Eva

2.2 No. 0.8.

luation of the circuit to the requirements in Supplement SA.

Exception: If the fault in a component results in a shutdown or inoperative unit (any case in which the

operator will 1

26.11 Inthe
a) The

b) An
device

c) Mor

d) A g
mover

e) A

mover
directi

26.12 In ths

the critical copdition flow chart shown ja"Eigure 26.2 shall be used.

ot complete a full cycle, open and close, of travel) the component is considere

evaluation of entrapment protection circuits used in gate operators:
entrapment protection devices shall be operational,

alarm shall be present and functional for an operator with a_Type A entrapn

itor for the presence and correct operation of an extérnal entrapment protectio

lass | or Il operator for a horizontal slide gateror vertical lift gate shall not
hent that exceeds that specified in 32.1.24, and

Class | or Il operator for a horizontalbifold gate, shall not result in gate
nent that exceeds that specified in 32:1.24 for the last 16 inches of panel trave
bN.

evaluation of entrapment protection circuits used in commercial/industrial d

0 non-critical.

ent protection

n device,

result in gate

leading edge
| in the closing

oor operators,
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Figure 26.2

Critical condition flow chart for commercial/industrial door operators entrapment protection

devices and functions

Will operator still
move door?

Is entrapment
protection device
operational?

Yes

No

Yes

Is constant
pressure requirec>
to close door?

S5459

Y

Non
Critical

Inoperative at
end of opening or
closing cycle?,

Critical
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27 Pressure Vessels and Parts Subject to Pressures

271 General

27.1.1  Other than as noted in 27.1.2, a pressure vessel having an inside diameter of more than 152 mm
(6 in) and subject to a pressure of more than 103.5 kPa (15 psig) shall be certified by the National Board of
Boiler and Pressure Vessel Inspectors and marked in accordance with the appropriate boiler and pressure
vessel code symbol — other than the UM symbol — of the American Society of Mechanical Engineers

(ASME) for a working pressure not less than the pressure determined by applying 27.1.3.

271.2

If a pressure vessel, because of its application, is not covered by the inspection procedure of the

ASME code, it shall be designed and constructed so that it will comply with the requirements in 27.1.3.

27.1.3 Othe

[ than as noted in 27.1.4 — 27.1.6, a part that is subject to air or vapor pressure

vapor pressuie in a vessel containing only a super-heated fluid, during normal or abhormal

withstand with

a) Fiv
provid
pressu
device

b) Five
(a).

c) Five

d) Five
assemn

e) Five

2714 A pre
bearing the A
requirement i
is subjected

required to bg

27.1.5 A teq
27.1.3 if study

out malfunction a pressure equal to the highest of the following that|iS applical

, including the
bperation shall
le:

e times the pressure corresponding to the maximum setting~of, a pressure feducing valve

bd as part of the assembly, but not more than five times.the marked ma
re from an external source, nor more than five times the pressure setting of a
provided as part of the assembly.

times the marked maximum supply pressure from'an external source, except

times the pressure setting of a pressure t€lief device provided as part of the a

Ximum supply
pressure-relief

as provided in

5sembly.

times the maximum pressure that can be developed by an air compressor that is part of the

bly, unless the pressure is limited by.a pressure-relief device in accordance wi

times the working pressure marked on the part.

ssure vessel certified by-the National Board of Boiler and Pressure Vessel |
SME Code inspectionssymbol — other than the UM symbol — is considered to ¢
n 27.1.3 if the vessel‘is marked with a value of working pressure not less than
during normal ‘op abnormal operation. A vessel bearing the ASME Code
tested as described in 27.1.7.

h (a).

nspectors and
pmply with the
that to which it
UM symbol is

t needinot be performed to determine whether a part complies with the rg
and analysis indicate that the strength of the part is adequate for the purpos

its material an

ddimensions.

quirements in

T as a result of

27.1.6 A section of a pressure system constructed of a length of continuous tubing or of lengths of tubing
connected by hard-soldered, brazed, or welded joints or by metallic compression fittings will be considered
to comply with the requirement in 27.1.3 if the wall thickness of the tubing is not less than the value
specified in Table 27.1.
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Table 27.1
Wall thickness for copper and steel tubing

Minimum wall Maximum pressure, kPa (PSIG)
Outside diameter, thickness,
mm (in) mm (in) Seamless copper Butt-welded steel Seamless steel
9.5 (3/8 or 0.41 (0.016) 447 (500) 4136 (600) 6895 (1000)
smaller)
12.7 (1/2) 0.41 (0.016) 2758 (400) 3310 (480) 5515 (800)
15.9 (5/8) 0.41 (0.016) 2206 (320) 2647 (384) 4412 (640)
15.9 (5/8) 0.53 (0.021) 2896 (420) 3475 (504) 5791 (840)
19.1 314y 053 (0702T) 2482 (360) 2979 432) 1964 (720)
19.1 3/4) 0.63 (0.025) 2896 (420) 3475 (504) 51791 (840)
254 (1 0.53 (0.021) 1793 (260) 2151 (312) 3585 (520)
254 (1) 0.63 (0.025) 2206 (320) 2647 (384) 4412 (640)
27.1.7 If a t¢st is necessary to determine whether a part complies with) requirements [n 27.1.3 and
27.1.4, two sgmples of the part are to be subjected to a hydrostatic pressure test. Each sample is to be

filled with watg¢r to exclude air, and is to be connected to a hydrauli€ pump. The pressure i
gradually to the specified test value, and is to be held at that\value for 1 min. The rqg
acceptable if dither sample bursts or leaks.

Exception: Legkage at a gasket during the hydrostatic pressure test is not considered unacce
it occurs at a gressure 40 percent or less of the required-test value.
27.2 Pressure-relief devices

27.21 A meagns for safely relieving pressure shall be provided for all parts in which pres
generated by @n external source of heat:

27.2.2 Presdure-relief devices < See 27.2.8 — fusible plugs, soldered joints, nonmetallic ty
pressure-relief means, or the equiyvalent, may be employed to comply with the requirement in

27.2.3 There shall be no shut-off valve between the pressure-relief means and the p
intended to protect.

5 to be raised
sults are not

ptable unless

sure might be
bing, or other
27.21.

arts that it is

air or steam

27.2.4 A vegselhaving an inside diameter of more than 76.2 mm (3 in) and subject tg
pressure genelra ithi i i

27.2.5 The start-to-discharge pressure setting of the pressure-relief device shall not be hi
working pressure marked on the vessel. The discharge rate of the device shall be adequate
pressure.

27.2.6 A pressure-relief device shall comply with all four of the following:

ce.

gher than the
to relieve the

a) Be connected as close as possible to the pressure vessel or parts of the system that it is

intended to protect.

b) Be installed so that it is readily accessible for inspection and repair and cannot be readily

rendered inoperative.

c) Have its discharge opening located and directed so that the risk of scalding is reduced to an

acceptable degree.
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d) Have its discharge opening located and directed so that operation of the device will not deposit
moisture on bare live parts, insulation, or components affected detrimentally by moisture.

27.2.7 A pressure-relief device having an adjustable setting is judged on the basis of its maximum
setting, unless the adjusting means is reliably sealed at a lower setting.

27.2.8 A pressure-relief device is considered to be a pressure-actuated valve or rupture member
designed to relieve excessive pressures automatically.

27.2.9 If a pressure-relief device is required, the control responsible for limiting the pressure in the vessel
shall perform under rated load for 100,000 cycles of operation and shall prevent the pressure from
exceeding 90 percent of the relief device setting under any condition of normal operation.

28 Moving Parts

28.1 The rofor of a motor, a pulley, a belt, gears, a chain, a fan, or other moving\part shall be enclosed or
guarded so a$ to reduce the risk of injury to persons.

28.2 The effects of the following factors shall be determined for compliance of an exposgd moving part
with 28.2:

a) Theldegree of exposure,

b) The sharpness of the moving part,

c¢) Thejrisk of unintentional contact therewith,
d) Thel speed of the moving part, and

e) Therisk of fingers, arms, feet, or clothing becoming endangered by the moving pafts.
These factors|shall be evaluated with respect to both normal and abnormal operation.

28.3 A belt pr a chain on a door:1.83 m (6 ft) or more above the floor or a door operator |ntended to be
mounted 1.83 m (6 ft) or mere-above the floor need not be guarded over its entire length, but is to be
guarded whetfe it enters a pulley or engages a sprocket. A moving nut or shaft end that is pot sufficiently
sharp to pres¢nt a risk efia-cut need not be guarded.

28.4 An opgning‘in“a guard or enclosure around a moving part capable of causing injury — a gear, a
pulley, a fan, ;r chain, or the like:

a) Shall be provided with a baffle to prevent contact with the moving part — see 28.5, or

b) Shall not permit passage of a 25.4-mm (1-in) diameter probe having a hemispherical tip applied
with a force of 13.34 N (3 Ibf) and shall be spaced from the moving part as indicated in 28.5.

Exception No. 1: A fan blade is considered to be acceptably guarded or enclosed if it cannot be contacted
by the probe illustrated in Figure 10.2.

Exception No. 2: Exposed moving parts of an industrial door that are located more than 2.44 m (8 ft)
above the floor are not required to be guarded or enclosed.

Exception No. 3: Exposed moving parts of an industrial door operator that is intended to be mounted more
than 2.44 m (8 ft) above the floor are not required to be guarded or enclosed if the operator is marked in
accordance with 63.5.1.
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28.5 A baffle as mentioned in 28.4(a), is considered to prevent contact with a moving part if the distance
from the opening in the guard or enclosure to the moving part, measured around the baffle as illustrated in
Figure 28.1, is not less than 8D minus 12.7 mm (1/2 in), where D is the minor dimension of the opening in
inches but not less than 6.4 mm (1/4 in). No distance is specified between a moving part and an opening
having a minor dimension less than 6.4 mm (1/4 in).

Figure 28.1

Measurement around a baffle

WW,B . ////////////////// ~—ENCLOSURE

EB140

A — Minimum distance from opening to moving part as specified'in 28.5.
B — Distance from|opening to edge of baffle.
C — A minus B.

29 Surface Temperatures

29.1 During the temperature_test, a temperature on a surface of an appliance that may bg contacted by
the user shall pot be moresthan the value specified in Table 29.1.

Table 29.1
Maximum acceptable surface temperatures
Composition of surface
Metal Nonmetallic
Location °C (°F) °C (°F)
Handle, lever, or knob likely to be grasped 50 (122) 60 (140)
Accessible surface during operation 60 (140) 85 (185)
Surface subject to casual contact 70 (158) 95 (203)

29.2 With reference to the requirement in 29.1, if the test is conducted at an ambient temperature other
than 25°C (77°F), the results are to be corrected to that temperature — that is, a temperature is to be
decreased or increased, as appropriate, 1 degree for each degree the temperature is greater than or less
than 25°C (77°F). The appliance is to be at room temperature at the beginning of the test.
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30 Pedestrian Doors and Door Operators
30.1 General

30.1.1 A door is considered to be remotely actuated if it is not within sight of a person at the location of
the actuating device. A door is considered to be automatically actuated if it is controlled by any of the
following:

a) Automatic means such as a mat, a photocell, or a time switch; or

b) A momentary-contact switch that will cause the door to operate through a cycle of opening or
closing.

30.2 Panic hardware

30.2.1 Pani¢ hardware provided on any type of pedestrian door shall comply with-the Starjdard for Panic
Hardware, referenced in Annex A, Ref. No. 26.

30.3 Interruption of power

30.3.1 Interquption of power shall not preclude the opening of a-sliding or swinging pedg¢strian door. A
door operator intended for use with a sliding or swinging pedestrian door and that is intenfded to be sold
without the dqor shall not, in case of interruption of power, interfere with the opening of the dpor.

30.3.2 Unlegs compliance with 30.3.1 is apparent from.the design of the door, a door operator is to be
subjected to gimulated interruption of power, and is considered to comply with 30.3.1 if theforce required
to open the dpor manually is not more than 222.4 N(50 Ibf). The force is to be applied in a manner and at
a location repfesentative of manual opening of thé door. A door operator that is intended to be sold without
the door is to pe tested using a door that is:

a) Reqommended by the manufacturer for use with the operator, and

b) Mogt difficult to operate manually.
30.4 Entragment

30.4.1 A conmercial Or-residential single-horizontally-sliding door or a center-parting sliding pedestrian
door that is either remotely or automatically actuated or both — see 30.1.1:

a) Shdll\natdevelop kinetic energy in excess of 9.49 J (7 ft-1bf),

b) If it develops kinetic energy of more than 3.39 J (2-1/2 ft-Ibf), shall employ a reopening device or
other means to prohibit motion of the door when an obstruction is in its path, and

c¢) Shall not require a force in excess of 133.4 N (30 Ibf) applied in either direction on either part of a
center-parting door to prevent the door from closing.

30.4.2 The kinetic energy specified in 30.4.1 is to be computed using the average speed at which the
door travels through the distance:

a) For a single, horizontally-sliding door located between the two vertical jambs, and extending
from a point 50.8 mm (2 in) from one jamb to a point 50.8 mm (2 in) from the other.

b) For a center-parting, sliding door, located between either jamb and the center meeting line of the
door, and extending from a point 25.4 mm (1 in) from either jamb to a point 25.4 mm (1 in) from the
center meeting line of the door.
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30.4.3 A commercial or residential swinging pedestrian door or either single-leaf or double-leaf
construction that is either remotely or automatically actuated, or both — see 30.1.1:

a) Shall not close with a force greater than 133.4 N (30 Ibf) at the latch side of the closing stile, and

b) Shal

I not close through the final 10 degrees in less than 1.5 s.

30.4.4 To comply with the requirements in 30.4.3(a), the free leaf of a double-leaf door having one leaf
jammed shall not have a closing force greater than 133.4 N (30 Ibf) at the latch side of the closing stile.

3045 Aped

b) Sha

c) Shal

30.4.6 A con
either remotel

a) Sha
panel,
b) Sha
30.5 Glazing
30.5.1 The ¢

swinging door:
for Safety Gla
other pedestri
glass may be
no dimension

estrian door operator that is to be marketed without the door:

| comply with the applicable requirements of 30.4.1, 30.4.3, and 30.4.6; and

be marked in accordance with 63.3.8.

hmercial or residential single folding pedestrian door or center parting foldin
or automatically actuated, or both — see 30.1.1:

| not close with a force greater than 133.4 N (30 Ibf) from the leading edge of
bnd

| not close through the final 10 degrees in legs than 1.5 s.
material

lazing material in both fixed and sliding panels of all sliding doors and in
5 shall comply with the requireménts in the Performance Specifications and M
zing Material Used in Buildings, referenced in Annex A, Ref. No. 27. Glazin
bn doors shall also comply with the same standard, except that single stren
ised for those portions of doors involving a glazed area of less than 0.9 m? (1 f
greater than 457 mm:(18 in).

30.6 Clearance

30.6.1 The

ening.atthe hinge side of a swinging door shall be:

wimum weight

g door that is

the fold swing

all unframed
bthods of Test
g material for
gth or heavier
) and having

a) Lesg than 6.4-mm (1/4-in) wide with the door in any position, or

b) At le

ast 19.1-mm (3/4-in) wide with the door in any position.

Exception: A door that does not comply with the above is acceptable if provided with a finger guard.

31
311

31.1.1
a) Shal

Commercial/lndustrial Door Operators and Systems
Entrapment

A commercial/industrial door operator shall comply with one of the following:

| be constructed so that:

1) The operator requires constant pressure on a control to close the door, and
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or,

2) The operator stops or reverses direction of the door when constant pressure on a control

is removed prior to the operator reaching its close limit, and

3) The operator limits a portable transmitter or automatic actuation device, when supplied,

to function only to cause the operator to open the door; and

4) It is not possible to make simple modifications by adding, suppressing or changing the
connection of wires in the internal control circuit(s) to allow any other method of operation
that does not require constant pressure on a control to close the door without also

complying with 31.1.1(b).

b) Sha

31.2 External entrapment protection

31.21 An
commerciallin

a)Ac
when
door g

b) An
operat
open ¢

c) Any|

Exception: DU
operators (sy

31.2.2 Forsg
and correct d

Il be constructed to comply with one of the following:

1) Shall require the connection of an external entrapment protection device &
31.2; or

2) Shall be provided with any other external device that provides entrapm
equivalent to 1.

bxternal entrapment protection device provided with, or as an acc
dustrial door operator (or system) shall consist of:

bntact type sensor (edge sensor or equivalent) installed on the leading edge @

s described in

ent protection

pssory to, a

f the door that

bctivated, as tested per 39.1.2, causes.an operator closing a door to reverse direction of the

hd prevents an operator from closing @n open door, or

on-contact type sensor (photoelectric sensor or equivalent) that when activ.
or closing a door to reverse-direction of the door and prevents an operator fi
oor, or

other device that provides entrapment protection equivalent to (a) or (b).

ring the process of closing a door in response to a fire condition, commercial,
btems) are nofrequired to comply with this provision.

commercial/industrial door operator to comply with 31.2.1, it shall monitor fo
peration of the device at least once during each close cycle. Should the

arred causes an

om closing an

industrial door

- the presence
device not be

present, or a

ault condition occur, that precludes the sensing of an obstruction, including an

interruption of

the wireless signal to the wireless device or an open or short circuit in the wiring that connects the external
entrapment device to the operator and the device's supply source, the operator shall function in one of the
following conditions:

a) A closing door shall open to the full open position or the user-defined normal open position and
an open door shall not close for a period of more than 1 second from the initiation of the run, or

Exception: The door operator is not required to return the door to the full open position when an
alternate entrapment protection system senses an obstruction or a control is actuated to stop the
door during the upward travel.

b) Shall function as described in 31.1.1(a).

31.2.3 An external entrapment protection device as mentioned in 31.2.1 shall comply with the applicable

requirements

specified in Sections 35 — 39 of this standard.
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31.2.4 An external entrapment protection device or system, when employing a wireless control, shall
comply with 31.2.3 when installed at its farthest distance from the operator as recommended in the
installation instructions.

32 Class |, I, Ill, and IV Vehicular Gate Operators and Systems

321

32.1.1 Aveh

General entrapment protection provisions

icular gate operator or vehicular barrier (arm) operator shall:

a) Have provisions for (see 63.3.5), or be supplied with, a minimum of two independent entrapment

protect

ion means as specified in Table 32.1 for each entrapment zone; and

b) Ope
protect

c) Be s
—60.8.

Exception: An
closer than 4
operator's des
specified in 6
required to co
supporting pos

rate only after installation and enabling of the minimum number of acceptab
on means, as specified in Table 32.2; and

upplied with instructions regarding entrapment protection means_in) accordan
3

operator for a vehicular barrier (arm) that is not intended to move toward

D6 mm (16 in), and does not have a pinch point between moving parts by
jgn or as a result of installation in accordance with instructions supplied with tf
).8.4 is not required to be provided with means te, protect against entrapme
mply with 32.1 — 32.2. An operator for a vehiculat-barrier (arm) that includes a
t hinged to the barrier (arm) is permitted in accordance with this exception.

Table 32.1
Protection against entrapment

e entrapment

ce with 60.8.2

a rigid object

virtue of the
e operator as
ent and is not
single folding

Gate operator category

Horizontal slide, vertical lift, vertical pivot,@nd horizontal

bifold Swing and vehicular barrier (arm)
Entrapment protectionitypes? Entrapment protection types?®
A, B1,B2orD A,B1,B2,CorD

Note — The sam
the opening and

@ Entrapment pr

Type A — Inhere

e type of device shall not be utilized for both entrapment protection means. Use of a single device
closing directions is in accordance with the requirement.

tection types:

t entrapment protection system. See 32.1.6.

Type B1 — Non-d

b cover both

ontact sensor (photoelectric sensor or the equivalent). See 32.1.7 — 32.1.15.

32.1.23.

Type B2 — Contact sensor (edge device or the equivalent). See 32.1.8 and 32.1.17 — 32.1.19.

Type C — Inherent force limiting, inherent adjustable clutch or inherent pressure relief device. See 32.1.21 and 32.2.1.1(b).

Type D — Actuating device requiring continuous pressure to maintain opening or closing motion of the gate. See 32.1.22 and
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Table 32.2
Minimum Quantity of Entrapment Protection Means

Opening Closing
Horizontal Slide Gate 2 2
Horizontal Swing Gate 2 2
Vertical Pivot Gate 2 2
Vertical Lift Gate 1 2
Horizontal Bifold Gate 2 2

direction of travi

* For a horizontal swing gate operator, at least two independent entrapment protection means are required in each direction of
travel. Except, if there is no entrapment zone in one direction of travel, only one means of entrapment protection is required in that

el; however, the other direction must have two independent entrapment protection means.

32.1.2 A vehicular gate operator or vehicular barrier (arm) operator shall be suppliedwith &an audio alarm

complying wit
protection de
Type A devic
integral contrg

321.3 Ana

h 32.1.3 and 32.1.4. The alarm shall signal upon two sequential activations of
ice, where the first activation is either a Type A or B2 device and‘the’second
e. The alarm shall signal for a minimum of 5 min or until a renewed manual
| or a permanently mounted control located in the line-of-sight'ofthe gate has

idio alarm specified in 32.1.2 shall comply with the applicable requirements

Section 35, and Audio Alarms, Section 40.

32.1.4 The audio alarm signals for the alarm specified in<32:1.2 shall be generated by dd

bells, horns, 9
cycle of the s
dB at nomina

irens, or buzzers. The signal shall have a frequency in the range of 700 to 34
bund level pulsations of 4 to 5 per s or one continuous tone, and a sound lev
operating voltage of the operator or acecessory.

32.1.5 The measurement for the sound levelof at least 100 dB shall be measured from the

operator, or fi
measurement
device, at an
operator. On
acceptable.

3216 Aga
protection des
direction:

a) Sto

om the outside of the accessory if the audio alarm is provided as a separa

height up to 1.83 m (6_ft) from the ground distance, and from any side of
measurement of «100 dB from any measurement location described

a)

-

e operator.installed in accordance with the manufacturer's instructions utilizi
ignated Type A in Table 32.1 to comply with 32.1.1 shall upon sensing an obg

p.and initiate the reversal of the gate within a maximum of 2 s. The gate

an entrapment
activation is a
input from an
been entered.

n All Devices,
bvices such as

D0 Hz, either a
el at least 100

outside of the
e device. The

shall be taken from a distahce of 305 mm (1 ft) measured horizontally from the operator or

the device or
is considered

hg entrapment
truction in any

operator shall

revers

4l 4 Hg L0 QO (D o\ Tl 4 4 Jo H
C UIC ydic a Imimmimurir OT OU.O TTHTT (£ 1T). TTIT ydiT UPTIT AUl STIAIT TTUYUITT a TTTI1C

wed, intended

input (via wired or wireless control or integral control, a loop sensor, a card reader, or similar
device) prior to enabling any automatic actuation devices such as a timer or any other maintained
input that was present when the reversing function occurred.

b) Stop the gate upon sensing a second sequential obstruction. The gate operator shall require a
renewed, intended input (via an integral control or a permanently mounted control in the line-of-
sight of the gate but excluding portable wireless controls and loop detectors). The renewed,
intended input shall occur prior to enabling any actuation device that is not in the line-of-sight of the
gate including a portable wireless control. An alarm shall comply with 32.1.2.

32.1.7 A gate operator utilizing entrapment protection designated Type B1 in Table 32.1 by having
provision for connection of, or providing with the operator, a non-contact sensor (photoelectric sensor or
equivalent) to comply with 32.1.1 shall, upon sensing an obstruction in the direction of travel of the gate
when tested per 37.1 or 37.2 as applicable, 37.3 and 37.4:
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a) Stop or reverse the gate within a maximum of 2 s,

b) Stop the gate, or stop and initiate reversal of the gate upon sensing a second sequential
obstruction,

¢) While sensor(s) is actuated, result in a gate at rest remaining at rest unless activated by a fixed
control functioning with constant pressure as required by 32.1.23, and

d) Return to normal operation when the sensor is no longer actuated.

32.1.8 A gate operator installed in accordance with the manufacturer's instructions utilizing external
entrapment protection designated Types B1 or B2 in Table 32.1 to comply with 32.1.1 by having provision
for connectio ' idi i i onitor for the
presence of ejery device at least once during each open and close cycle. Upon monitofing, should any
device not be present, or a fault condition occur that precludes the sensing of an obstructior], including an
interruption off the wireless signal to the wireless device or an open or short circuit’in the wiring that
connects the gxternal entrapment device to the operator and the device's supply source, the operator shall
function with qonstant pressure as required by 32.1.23 for the direction of travehbeing protg¢cted, or shall
only be able tp be moved manually as required by 32.1.25. Compliance with.this section shall be verified
by test per 32.2.1.4.

Exception: Empergency access controls only accessible by authorizéd personnel (e.g. fire,| police, EMS)
may override g¢ntrapment protection means as specified in 32.1.8.

32.1.9 For the purposes of 32.1.8, one open and close cycle is considered to be a complete sequence
of: Open (fully|or partially), Stop/Pause, Close (fully or partially), Stop/Pause.

32.1.10 With regard to connection points of an opérator that are required to monitor externgl entrapment
protection deyices, it shall not be possible to* make simple modifications in the field by adding,
suppressing, @r changing either on the operator or external entrapment protection device(g), to bypass,
interfere with, pr otherwise defeat the monitoring function:

a) The [connection of wires;
b) Ternpinals;

c) Switthes;

d) Jumpers; on

e) Conjponents supplied with the operator or external entrapment protection device.

32.1.11 The installation manual and the user manual shall not provide instructions for which the stated
purpose of the instructions is to reprogram, reconfigure, or reset the monitored outputs such that they do
not comply with the minimum requirements in Table 32.2 except to revert to original factory settings.

32.1.12 The operator shall not be provided with resistors installed or intended for installation across the
terminals that are intended for monitored external entrapment protection devices and the manufacturer
shall not recommend the use or installation of such resistors.

32.1.13 A component, such as a resistor, capacitor, etc. required for monitoring shall be permanently
installed at the factory by the manufacturer of the entrapment protection device.

32.1.14 A gate operator utilizing a non-contact sensor for entrapment protection in accordance with
32.1.1 shall be supplied with instructions on the placement of the sensors for each entrapment zone in
compliance with 60.8.3 and 60.8.4.
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32.1.15 A non-contact sensor (photoelectric sensor or equivalent) supplied with, or separately supplied
for, a gate operator that is intended to reduce the risk of entrapment or obstruction shall comply with the
applicable requirements in All Devices, Section 35, External Entrapment Protection Devices with Wireless
Control, Section 36, and Photoelectric Sensors, Section 37. A separately supplied sensor shall comply
with 63.3.5, 63.3.6, and 63.3.7.

32.1.16 A non-contact external entrapment protection device or system, when employing a wireless
control, shall comply with 32.1.15 when installed at its farthest distance from the operator as
recommended in the installation instructions.

32.1.17 A gate operator installed in accordance with the manufacturer's instructions utilizing entrapment
protection designated Type B2 in Table 32.1 by having provision for connection of, or providing with the

operator, a ¢
obstruction in

a) Sto
revers

b) Stg
obstru

c) Res
constg

d) Afte
limit d
wired

toena
preser

32118 Ag
be supplied W
60.8.3 and 60

bntact sensor (edge sensor or equivalent) to comply with 32.1.1 shall, up
the direction of travel of the gate when tested per 39.1.3:

p and initiate the reversal of the gate within a maximum of 2 s. £he”gate
e the gate a minimum of 50.8 mm (2 in),

p the gate, or stop and initiate reversal of the gate upon“senhsing a secq
ction,

ult in a gate at rest remaining at rest, unless activatéd by a fixed control fU
nt pressure as required by 32.1.23, and

r the sensor is actuated no more than 2 times‘while closing without having rea
bvice, or once in a single opening cycle, adrenewed intended input shall bg
pr wireless control or integral control, a Ioep sensor, a card reader, or a similg
bling any automatic activation devices;such as a timer or any other maintained
t when the obstruction occurred.

bte operator utilizing a contact.sensor for entrapment protection to comply wi
ith instructions on the placement of the sensors for each entrapment zone in ¢
.8.4.

32119 Ac
operator that
requirements
Section 36, a
and 63.3.7.

bntact sensor (edgeé“sensor or equivalent) supplied with, or separately suppl
is intended to reduce the risk of entrapment or obstruction shall comply with
in All Deviees; Section 35, External Entrapment Protection Devices with Wi
nd Edge-Sensors, Section 39. A separately supplied sensor shall comply with

DN sensing an

operator shall

nd sequential

nctioning with

ched the close
b required (via
r device) prior
input that was

th 32.1.1 shall
bmpliance with

ed for, a gate
the applicable
eless Control,
63.3.5, 63.3.6,

32120 Ac

pntact external entrapment protection device or system. when employing a w

reless control,

shall comply with 32.1.19 when installed at its farthest distance from the operator as recommended in the
installation instructions.

32.1.21

with 32.1.1 shall, upon sensing an obstruction in any direction, stop the gate and:

A swing-gate operator utilizing entrapment protection designated Type C in Table 32.1 to comply

a) Not result in a force after 100,000 cycles of operation under rated load of more than 10 percent
higher than the initial setting to stop the gate. When adjustable, the initial setting is to be at the
setting for maximum force, and

b) Inherent pressure relief devices and inherent adjustable clutches shall be readily accessible for
inspection and repair and not readily rendered inoperative.

32.1.22 A gate operator utilizing entrapment protection designated Type D in Table 32.1 by having a
provision for connection of, or providing with the operator, a continuous pressure actuation device to
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comply with 32.1.1 shall be constructed so that a portable wireless control shall not operate the gate. Also
see 60.8.4(e) and 62.1.6.

32.1.23 A gate operator installed in accordance with the manufacturer's instructions utilizing entrapment
protection designated Type D in Table 32.1 to comply with 32.1.1 shall require constant pressure or
actuation to initiate and continue movement of the gate in either the opening or closing direction. Upon
removal of pressure, movement of the gate shall cease. Unless supplied with separate Open and Close
buttons, each subsequent pressing of the control button shall reverse direction of the gate.

32.1.24 A Class | or Class Il horizontal slide-gate or vertical lift-gate operator (or system) shall not result
in a gate movement of greater than 0.3 m/s (1 ft/s) with the operator exerting a pull force of 333.6 N (75 Ibf)
and when connected to a supply circuit of maximum rated voltage and rated frequency.

32.1.24A A Class | or Class Il horizontal bifold-gate operator (or system) shall not result,infa gate speed
greater than 0.3 m/s (1 ft/s) during the last 406 mm (16 in) of panel travel while closing with the operator
exerting a pulllforce of 333.6 N (75 Ibf) when connected to a supply circuit of maximum rated voltage and
rated frequengy. The speed is measured in the closing direction at the verticableading edge of the inner
bifold panel (ifem 5 of Figure 4.3) over any 305 mm (1 ft) increment of harizontal travel where the gate
speed is fastegt.

is capable of
r, the means
perator shall
ate operator,
the use of a nearby keyed release or a remotely located-non-keyed release to release the |gate operator
from the gate|meets the intent of this requirement. A risk of injury to persons shall not result when the
means for manual operation is activated and the gate operator is then energized.

32.1.26 In ap application where security or<estricted access is a primary concern, acceptability of the
entrapment prptection provisions for a ClassV vehicular gate operator shall be demonstrated by test that

the gate operfator functions to reduce“the risk of entrapment while performing its intepded security
functions.

I 32.2 Entrapment protection(Types A, B2, and C)
32.21 Geneyal

32.2.1.1 When Types A, B2, or C entrapment protection devices are used as the entrapmgnt protection
provisions, a daté.operator shall, upon contact with the obstruction specified in 32.2.2 — 32.2]5:

a) For Types A or B2 provisions, initiate reversal of the moving gate within 2 s. The gate operator
shall reverse the gate a minimum of 50.8 mm (2 in) unless a control is actuated or an entrapment
circuit senses an obstruction to stop the gate during its reversal, or

b) For Type C provision, not open or close the gate with a sustained force greater than 177.9 N (40
Ibf) at the leading edge of the gate, except for the first 10 degrees of arc travel after any initiation of
movement or a 2 s maximum time after any initiation of movement. If the force of the Type C device
can be adjusted during use, user maintenance or installation, the Type C device is to be adjusted to
the maximum setting. The measurement is to be made at the minimum length of the gate
recommended by the manufacturer, at least 2 seconds after contact.

I A gate operator shall be tested in accordance with all applicable requirements specified in 32.2.2 — 32.2.5
for all types of gates with which the gate operator is intended to be used. Each entrapment protection
provision shall be tested separately and independently with the other entrapment protection provisions
defeated.
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32.2.1.3 A gate operator is to be tested for compliance with 32.2.1.1 for 50 open-and-close cycles of
operation using the location representative of the greatest risk of entrapment as determined in 32.2.2.3,
32.2.3.3, 32.2.4.3, and 32.2.5.3. The force adjustment on a gate operator is to be set to deliver the
maximum force or at the setting that represents the most severe operating condition. Any devices or
accessories that affects the entrapment protection of the gate operator, including all other entrapment
protection provisions that are intended for use with the gate operator, are then to be attached and the test
repeated for 10 additional open-and-close cycles of operation.

32.2.1.4 The operator shall be tested in various configurations representing the minimum number of
external entrapment protection devices specified by the operator manufacturer up to the maximum
number specified.

32.2.2 Vehigular horizontal slide-gate and vertical lift-gate, and vertical pivot-gate operators

32.2.2.1 With reference to 32.2.1.1, a 41.3-mm by 88.9-mm (1-5/8-in by 3-1/24in) solid recfangular object
not less than 152-mm (6-in) long is to be fixed in an immobile position- with the lopgitudinal axis
perpendiculan to the edge of the gate. The 41.3-mm (1-5/8-in) side of the-oObstruction facihg the leading
For vehicular

object is to be
reatest risk of

th of the gate.
shall include, and not be limited to;;locations less than 305 mm (1 ft) from fhe fully open,

nd less than 305 mm (1 ft) from the\fully closed positions of the gate.

result of the tests specifiedin-32.2.2.1 and 32.2.2.2, one location within the p
of the greatest risk of eptrapment is to be determined for the test specified in |

ath of the gate
B2.2.1.3.

32.2.3 Vehi

32.2.3.1 Wit
immobile pos
edges of the

Cular swing-gate operators

h reference to 32.2.1.1, a solid rectangular object as described in 32.2.2.1 is tg
tion and tangential to the arc with the 41.3-mm (1-5/8-in) side facing the lea
gate torbe contacted by the moving gate at various points along the leadir

be fixed in an
ling or bottom
g and bottom

edges of the gate.

toct doaceort i 29 9 D 4 ot bha nandiintad ot v o

A had thao
(CSTUCSUIMOCU T V2729 1T o (U ot ooruuctct—ac val

ot atHaona-ovar
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32232 Th rc of the gate.
Such locations shall include, and not be limited to, locations less than 305 mm (1 ft) from the fully open,
the starting of the gate, the mid-arc, and less than 305 mm (1 ft) from the fully closed positions of the gate.
The test is to be conducted both for the opening and closing movements of the gate.

32.2.3.3 As aresult of the tests specified in 32.2.3.1 and 32.2.3.2, one location within the path of the gate
representative of the greatest risk of entrapment is to be determined for the test specified in 32.2.1.3.

32.2.4 Vehicular vertical barrier (arm) operators

32.2.4.1 With reference to 32.2.1.1, a solid rectangular object as described in 32.2.2.1 is to be fixed in an
immobile position to be contacted by the moving barrier (arm) at various points along the barrier (arm) of
the gate.
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32.2.4.2 The test described in 32.2.4.1 is to be conducted at various locations over the arc of the gate.
Such locations shall include, and not be limited to, locations less than 305 mm (1 ft) from the fully open,
the starting of the gate, the mid-arc, and less than 305 mm (1 ft) from the fully closed positions of the gate.
The test is to be conducted both for the opening and closing movements of the gate.

32.2.4.3 As result of the tests specified in 32.2.4.1 and 32.2.4.2, one location within the path of the gate

representative of the greatest risk of entrapment is to be determined for the test specified in 32.2.1.3.

32.2.5 Vehicular bifold gate operators

32.2.51

With reference to 32.2.1.1, a 41.3-mm by 88.9-mm (1-5/8-in by 3-1/2-in) solid rectangular object

not less than 152-mm (6-in) long is to be fixed in an immobile position as follows for each entrapment

zone:

a) Wit
perpen
facing
points
to 1.8 1

b) The
travel i
up to1

c) The
contac
2, 3).

d)The

gate panel along the outer column panel, outside horizontal bottom edge at varioug

bottom

e) An g
edges
when t
such th

n the 41.3-mm (1-5/8-in) side of the obstruction positioned across‘\the

he inner bifold panel, outside vertical leading edge is to contactthe/moving g
bf gate travel in the closing direction along the leading edge of the'gate at var
n (6 feet) above grade.(see Figure 4.3, edge 6).

same object is then to be arranged to contact the moving gate at various
n the opening direction along the inner bifold panel, outside vertical leading at
8 m (6 feet) above grade, (see Figure 4.3, edge 5).

same object is then to be oriented vertically and the 41.3 mm (1-5/8-in) sid
various spots within the “V” shaped area between the folding panels, (see Fig
bame object is to be arranged in a vertical orientation and made to contact the
of the gate panel (see Figure 4.3 edge 4).

At the hinge area is then to be placed in the hinge area (see Figure 4.3 edges

ne gate is in the fully’open position. As the gate closes, the object shall rem
at the gate edgés'in the hinge area contact the object.

32.2.5.2 Wit

limited to, lesq than 305 mm (1 ft) from the fully open, the midpoint, and less than 305 mm
fully closed pgsitions. of the gate. At each of these locations, the vertical height of the obstru
placed at minimum, but not limited to, the following locations:

reference’to the tests in 32.2.5.1 (a) and (b), the various locations shall inclug

gate opening

dicular to a straight line across the opening. The 41.3-mm (1-5/8-inj),side of the obstruction

ate at various
ous points up

points of gate
various points

e arranged to
ure 4.3 edges

outer column
points at the

bject 25 mm (1 inch) greater than the width of the smallest opening between the gate panel

7/8 and 9/10)
Bin in position

je, and not be
1 ft) from the
ction shall be

a) With

b) With

in 2 inches of the bottom rail or edge;

in 2 inches of the top rail or edge, or 6 ft above grade, whichever is lower; and

c¢) At the midpoint of the vertical height of the gate panel, or 2 ft above grade, whichever is lower.

32.2.5.3 Asresult of the tests specified in 32.2.5.1, one location within the path of the gate representative
of the greatest risk of entrapment is to be determined for the test specified in 32.2.1.3.
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33 Residential Garage Door Operator and Door Operator Systems
33.1 General

33.1.1 A residential garage door operator system shall be supplied with primary inherent entrapment
protection that complies with the requirements as specified in 33.2.1.1.

33.1.2 In addition to the primary inherent entrapment protection as required by 33.1.1, a vertically
moving residential garage door operator shall comply with one of the following:

a) Shall be constructed to:

Y Require constant pressure on a control intended to be installed and activated within line
of sight of the door to lower the door,

2) Reverse direction and open the door to the upmost position when conistant pressure on a
control is removed prior to operator reaching its lower limit, and

3) Limit a portable transmitter, when supplied, to functioning.enly to cause the operator to
open the door;

b) Shall be provided with a means for connection of an exterfal secondary entrapment protection
devicd as described in 33.3.1, and 33.3.3 — 33.3.5, as applicable to vertically moving [doors; or

c) Shall be provided with an inherent secondary entrapment protection device as deqcribed in 4.13,
33.3.1} and 33.3.6, and is:

1) A combination sectional overhead.garage door operator system as descriped in 4.3 and
33.1.3, and

2) For use only with vertically moving garage doors.

With re¢spect to 33.1.2(c)(1), trolley-driven operators do not meet the definition of 4.3.

33.1.3 In th¢ case of a vertically.moving combination sectional overhead garage door opgrator system,
the door shgll comply with_the requirements in Specifications for Sectional Overhead Type Doors,
referenced in|Annex A, Ref. No. 28.

33.1.4 In aqdition to~the primary inherent entrapment protection as required by 33.1.1,[a horizontally
sliding residential garage door operator shall comply with one of the following:

a) Shdll be constructed to:

1) Require constant pressure on a control to close the door,

2) Reverse direction and open the door a minimum of 50.8 mm (2 in) when constant
pressure on a control is removed prior to operator reaching its position limit, and

3) Stop the door if a second obstruction is detected in the reverse direction.

b) Shall be provided with a means for connection of an external secondary entrapment protection
device for each leading edge as described in 33.3.2 — 33.3.5, as applicable for horizontally moving
doors.
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33.2 Inherent primary entrapment protection

33.2.1 General
33.2.1.1 A vertically moving residential garage door operator system shall be supplied with primary

inherent entrapment protection that complies with the requirements as specified in 33.2.2.1 — 33.2.2.10. A
horizontally sliding residential garage door operator system shall be supplied with primary inherent

entrapment protection that complies with the requirements as specified in 33.2.3.1 — 33.2.3.10.

33.2.2

33.2.21

For_a vertically moving residential garage door operator system _other than for th

Inherent primary entrapment protection, vertically moving doors

first 305 mm

(1 ft) of door
protection dey
reversal of thg
door, the oper
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Exception No,
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Exception No.
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be moved dow

33.2.2.2 The
the manufactu
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edge of the d
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force of the op)

Exception No.
located in line
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Exception No.
mm (4 in) high

travel from the full upmost position, both with and without any secondar
ice functional, the operator of a downward moving residential garage~deo
door within 2 s of contact with the obstruction as specified in 33.2.2.3. After

in accordance with 33.2.2.2 — 33.2.2.10.

1: The door operator is not required to return the door<to,~and stop the dq
n when the operator senses a second obstruction during the upward travel.

2: The door operator is not required to return_the door to, and stop the dc
n when a control is actuated to stop the door during the upward travel — but thé
nward until the operator reverses the door a minimum of 50.8 mm (2 in).
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rer's installation instructions with the.6perator exerting a force in accordance w

bor and located in line with ¢he driving point of the operator. When tested on
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erator is to be against the floor when the door is fully closed.
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patrtially open position.

erated from a

33.2.2.4 An operator is to be tested for compliance with 33.2.2.1, for 50 open-and-close cycles of
operation while the operator is connected to the type of residential garage door with which it is intended to
be used or with the doors specified in 33.2.2.6. For an operator having a force adjustment on the operator,
the force is to be adjusted to the maximum setting or at the setting that represents the most severe
operating condition. Any accessories having an effect on the intended operation of entrapment protection
functions that are intended for use with the operator, are to be attached and the test is to be repeated for
one additional cycle.

33.2.2.5 For an operator that is to be adjusted (limit and force) according to instructions supplied with the
operator, the operator is to be tested for 10 additional obstruction cycles using the solid object described in
33.2.2.3, at the maximum setting or at the setting that represents the most severe operating condition.
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33.2.2.6 For an operator that is intended to be used with more than one type of door, one sample of the
operator is to be tested on a sectional door with a curved track and one sample is to be tested on a one-
piece door with jamb hardware and no track. For an operator that is not intended for use on either or both
of these types of doors, a one-piece door with track hardware or a one-piece door with pivot hardware
shall be used for the tests. For an operator that is intended for use with a specifically dedicated door or
doors, a representative door or doors shall be used for the tests. See the marking requirements in 63.3.1.

33.2.2.7 An operator, employing an inherent entrapment protection control that measures or monitors the
actual position of the door, shall initiate reversal of the door and shall return the door to, and stop the door
at, the full upmost position in the event the inherent door operation "profile" of the door differs from the
originally set parameters. The system shall measure or monitor the position of the door at increments not

greater than 25.4 mm (1 in).
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determine compliance with 33.2.2.7 or 33.2.2.8, an operator is to be subjected to 10 open-

33.2.2.6. The

required to:be consecutive. Motor cooling-off periods during the test meet th
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33.2.2.10 During the closing cycle of 33.2.2.9, the system providing compliance with 33.2.2.1 and
33.2.2.7 or 33.2.2.1 and 33.2.2.8 shall function regardless of a short- or open-circuit anywhere in any low-
voltage external wiring, any external entrapment devices, or any other external component.

33.2.3 Inherent primary entrapment protection, horizontally sliding doors

33.2.3.1 For a horizontally sliding residential garage door operator system, both with and without any
external entrapment protection device functional, the operator of a closing residential garage door shall
initiate reversal of the door within 2 s of contact with the obstruction as specified in 33.2.3.3. After
reversing the door, the operator shall open the door a minimum of 50.8 mm (2 in) from the edge of the
obstruction. Compliance shall be determined in accordance with 33.2.3.2 — 33.2.3.10.

Exception No. 1: The door operator is not required to open the door a minimum 50.8 mm (2 in) when the
operator senses a second obstruction during the reversing travel.
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Exception No. 2: The door operator is not required to open the door a minimum 50.8 mm (2 in) when a
control is actuated to stop the door during movement towards the open position — but the door can not be
moved towards the closed position until the operator reverses the door a minimum of 50.8 mm (2 in).

33.2.3.2 The test shall be performed on a representative operating system installed in accordance with
the manufacturer's installation instructions with the operator exerting a force in accordance with 46.3.1.

33.2.3.3 A solid object with a width of 25.4-mm (1-in) is to be placed on the floor and rigidly supported
within the bottom track and then repeated with the solid object placed on the floor and rigidly supported
external to the track. The test shall then be repeated with the solid object rigidly supported at heights of
305 mm (1 ft), 914 mm (3 ft), 1524 mm (5 ft), and within 305 mm (1 ft) of the top edge. With reference to
49.6.1 and Exception No. 2 of 33.2.3.1, 33.2.3.7, and 33.2.3.8; a 102 mm (4 in) high by 152 mm (6 in) wide

by a minimunp of 152 mm (6 in) long solid rectangular object is to be placed on the flo

installation to

brovide a 102 mm (4 in) high obstruction when operated from a partially Oper

the test repeated with the bottom edge of the obstruction rigidly supported at heightsf.305
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sentative door or doors shall be used for the tests. See the marking requiremerrts in 63.3.1.

33.2.3.7 An operator, employing an inherent entrapment protection control that measures or monitors the
actual position of the door, shall initiate reversal of the door and shall return the door to, and stop the door
at, the fully open position in the event the inherent door operation "profile" of the door differs from the
originally set parameters. The system shall measure or monitor the position of the door at increments not
greater than 25.4 mm (1 in).

Exception No. 1: The door operator is not required to open the door a minimum 50.8 mm (2 in) when an
inherent entrapment circuit senses an obstruction during the reversing travel.

Exception No. 2: The door operator is not required to open the door a minimum 50.8 mm (2 in) when a
control is actuated to stop the door during the opening direction — but the door can not be moved in the
closing direction until the operator reverses the door a minimum of 50.8 mm (2 in).
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33.2.3.8 An operator, using an inherent entrapment protection system that does not measure or monitor
the actual position of the door, shall initiate reversal of the door and shall open the door a minimum 50.8
mm (2 in) when the closed position limit device is not actuated within 30 s or less following the initiation of
the close cycle.

Exception No. 1: The door operator is not required to open the door a minimum 50.8 mm (2 in) when an
inherent entrapment circuit senses an obstruction during the reversing travel.

Exception No. 2: The door operator is not required to open the door a minimum 50.8 mm (2 in) when a
control is actuated to stop the door during the opening direction — but the door can not be moved in the
closing direction until the operator has reversed the door a minimum of 50.8 mm (2 in). When the door is
stopped manually during its closing, the 30 s shall be measured from the resumption of the close cycle.

33.239 To
and-close cy(q
cycles are no

determine compliance with 33.2.3.7 or 33.2.3.8, an operator is to be subjected to 10 open-
les of operation while connected to the door or doors specified in 33.2(3.4’and 33.2.3.6. The
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33.3 Seconpary entrapment protection

33.3.1 For g vertically moving door operator, a seeondary entrapment protection device sypplied with, or
as an accessory to, an operator shall consist of:

a) An
door t
positio

at is closing a
the fully open
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n, and the sensor prevents an operator from closing an open door;
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inherent door sensor independent of the system used to comply with 33

or, returns the
operator from

.2 that, when

or, returns the
operator from

closing an open door.

Exception No. 1: The door operator is not required to return the door to, and stop the door at, the fully
open position when an inherent entrapment circuit senses an obstruction during the opening travel.

Exception No. 2: The door operator is not required to return the door to, and stop the door at, the fully
open position when a control is actuated to stop the door during the opening travel — but the door cannot
be moved towards the closing direction until the operator has reversed the door a minimum of 50.8 mm (2
in).

33.3.2 For horizontal sliding garage door operators, a secondary entrapment protection device supplied
with, or as an accessory to, an operator shall consist of:


https://ulnorm.com/api/?name=UL 325 2023.pdf

72 ANSI/CAN/UL 325 FEBRUARY 21, 2023

a) An external photoelectric sensor that, when activated, results in an operator that is closing or
opening a door to reverse direction of the door for a minimum of 50.8 mm (2 in); or

b) An external edge sensor installed on the edge of the door that, when activated as tested per
39.1.1.2, results in an operator that is closing or opening a door to reverse direction of the door for
a minimum of 50.8 mm (2 in).

33.3.3 With respect to 33.3.1 and 33.3.2, the operator shall monitor for the presence and correct
operation of the device at least once during each close cycle. Should the device not be present, or a fault
condition occur that precludes the sensing of an obstruction, including an interruption of the wireless signal
to the wireless device or an open- or short-circuit in the wiring that connects an external entrapment
protection device to the operator and the device's supply source, the operator shall be constructed such

that:

a) For
than 3(

b vertically moving door, the closing door shall open and an open door shall n
5 mm (1 ft) below the upmost position;

ot close more
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39 of this Standard.
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33.4 Additignal features

3341 A me
surface (hand
shall be capal]

ans to manually“detach the door operator from the door shall be supplied.

le of being-adjusted to a height of 1.83 m (6 ft) above the garage floor when t

installed accoilding tethe instructions specified in 60.3.1 and 60.4.1(4). The means shall be g

that a hand fir

mly.gripping it and applying a maximum of 223 N (50 Ibf) of force shall detac

with the door

control, shall
ended in the

luirements in

mply with the
dependent of

ntrapment protection. The, independent primary and secondary entrapment protection

The gripping

e) shall be,¢olored red and shall be easily distinguishable from the rest of the operator. It

he operator is
onstructed so
n the operator

33.2.2.3 and

ohstructed _in the r‘InQing pncifinn The aobstrt mfing thipr‘f, as _described in

33.2.3.3, is to be located in several different positions. A marking with instructions for detaching the
operator shall be supplied. The marking shall comply with 61.1 —61.2 and 61.10, as applicable.

Exception: A means to manually detach the door operator from the door is not required for a door operator
that is not directly attached to the door and that controls movement of the door so that:

a) The door is capable of being moved open from any position other than the last (closing) 50.8 mm
(2 in) of travel; and

b) The door is capable of being moved to the 50.8-mm (2-in) point from any position between

closed

and the 50.8-mm (2-in) point.

33.4.2 Actuation of a control that initiates movement of a door shall stop and may reverse the door on the
closing cycle. On the opening cycle, actuation of a control shall stop the door but not reverse it.
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33.4.3 A residential garage door operator when tested as described in 45.1 shall have a maximum
appliance current draw, excluding lamps or external devices, of not more than 5 A.

33.4.4 An operator shall be constructed so that adjustment of limit, force or other user controls and
connection of external entrapment protection devices can be accomplished without exposing normally
enclosed live parts or wiring. See 10.7.

33.5 Unattended operation

33.5.1 General

r4.27 to close

.5.2-33.5.5.

inging garage
brs that has an
eature is only

c) The carton markings of 63.3.2 when the cartoqg.references the unattended operation close
featurg.

33.5.2 Opernator system
operation, such as setting a power head_switch or wall-control switch. For an accessory requiring

installation apd set-up in order to enablé unattended operation, the installation and set-up may be
considered s3atisfying this requirement.

33.5.2.1 Th{; operator system shall requireyone or more intentional actions to enable unattended

33.5.3 Alarm signal
33.5.3.1 The¢ operator system shall provide an audible and visual alarm signal.

33.5.3.2 Th¢ alarm:-shall signal for a minimum of 5 seconds before any unattended closing door
movement.

33.5.3.3 The audible signal shall be heard within the confines of a garage. The audio alarm signals for
the alarm specified in 33.5.3.1 shall be generated by devices such as bells, horns, sirens, or buzzers. The
signal shall have a frequency in the range of 700 to 3400 Hz, either a cycle of the sound level pulsations of
4 to 5 per second or one continuous tone, a sound level at least 45 dB 3.05 m (10 ft) in front of the device
over the voltage range of operation.

33.5.3.4 The visual alarm signal of 33.5.3.1 shall be visible within the confines of a garage using a
flashing light of at least 40 watt incandescent or 360 lumens. The flash rate shall be at least once per
second, with a duration of 100 ms to 900 ms, for the duration of the alarm.
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33.5.4 Controls

33.5.4.1 During the pre-motion signaling period defined in 33.5.3.2, activation of any user door control
(e.g. wall control, wireless remote, keypad) shall prevent the pending unattended door movement. Door
movement resulting from activation of a user door control is not prohibited.

33.5.4.2 Upon activation of a user door control during unattended door movement, the door shall stop,
and may reverse the door on the closing cycle. On the opening cycle, activation of a user door control shall
stop the door but not reverse it.

33.5.4.3 If an unattended door travelling in the closing direction is stopped and reversed by an
entrapment protection device, the operator system shall be permitted one additional unattended operation
attempt to cloge the door.

33.5.4.4 After two attempts per 33.5.4.3, the operator system shall suspend unattended gperation. The
operator systgm shall require a renewed, intended input, via user door control (e.g. wall coptrol, wireless
remote, keypad) other than the unattended activation device, prior to re-enabling-unattended|operation.

33.5.5 Entrapment protection
33.5.5.1 Forfa moving door, entrapment protection shall comply with'33.2 and 33.3.

33.6 Unattended operation control accessory

33.6.1 Generfal

33.6.1.1 Arrgsidential garage door operator controlaccessory shall be permitted to be supplied separate
from the operator, and per 4.27 may permit unattended operation to close a garage door) provided the
control accesgory complies with the additional requirements of 33.6.2 — 33.6.6.

Exception: Unfattended operation shall_.not be permitted on one-piece garage doors or swjnging garage
doors. A confrol accessory thatvhas an unattended operation close feature shall identify that the
unattended operation closing feattire is only permitted to be enabled when installed with a sectional door
by complying With:

a) Thelinstallatiominstructions of 60.4.2;

b) The \markings of 61.8; and

¢) The parton markings of 63.3.2.

33.6.2 Operator system

33.6.2.1 The control accessory shall require one or more intentional actions to enable unattended
operation to function when connected to an operator system, such as setting a power head switch or wall-
control switch. For an accessory requiring installation and set-up in order to enable unattended operation,
the installation and set-up may be considered satisfying this requirement.

33.6.3 Alarm signal

33.6.3.1 The control accessory alone or in combination with the operator system shall provide an audible
and visual alarm signal.


https://ulnorm.com/api/?name=UL 325 2023.pdf

FEBRUARY 21, 2023 ANSI/CAN/UL 325 75

33.6.3.2 The alarm shall signal for a minimum of 5 seconds before any unattended closing door
movement, or before any door movement if the next direction of door travel cannot be determined.

33.6.3.3 The audible signal shall be heard within the confines of a garage. The audio alarm signals for
the alarm specified in 33.6.3.1 shall be generated by devices such as bells, horns, sirens, or buzzers. The
signal shall have a frequency in the range of 700 to 3400 Hz, either a cycle of the sound level pulsations of
4 to 5 per second or one continuous tone, a sound level at least 45 dB 3.05 m (10 ft) in front of the device
over the voltage range of operation.

33.6.3.4 The visual alarm signal of 33.6.3.1 shall be visible within the confines of a garage using a
flashing light of at least 40 watt incandescent or 360 lumens.

33.6.3.5 WHen the visual alarm or the audio alarm, or both, are external to the control accéssory and are
not part of main operator unit, the control accessory shall monitor for the connection” pf and proper
operation of both the visual and audible alarms, prior to initiating door travel.

33.6.4 Confrols

33.6.4.1 Dufing the pre-motion signaling period defined in 33.6.3.2, activation of any usg¢r door control
(e.g. wall control, wireless remote, keypad) shall prevent the pending‘unattended door mgvement. Door
movement resulting from activation of a user door control is not prohibited.

33.6.4.2 Uppn activation of a user door control during unattended door movement:
a) Thel operator shall function in the same manner.as if the control accessory were ngt present;

b) Theg control accessory shall not interfere~with, override, or alter the normal ogeration of the
operator; and

c) Thg door shall stop, and may reverse the door on the closing cycle. On the ¢pening cycle,
activafion of a user door control shall'stop the door but not reverse it.

33.6.4.3 If @an unattended doon.travelling in the closing direction is stopped and reyersed by an
entrapment pfotection device, the'control accessory alone or in combination with the operator system shall
be permitted ¢ne additional unattended operation attempt to close the door.

33.6.4.4 Affer two attempts per 33.5.4.3, the control accessory alone or in combination with the operator
system shall [suspend unattended operation. The control accessory alone or in combination with the
operator systém shall require a renewed, intended input, via user door control (e.g. wall cgntrol, wireless
remote, keypqzd) other than the unattended activation device, prior to re-enabling unattended operation.

33.6.5 Entrapment protection

33.6.5.1 The control accessory shall not interfere with, override, or alter any entrapment protection
features of the operator or system per 33.2 and 33.3. A control accessory that only provides a momentary
signal (wired or wireless) to start the door is considered to comply with this requirement.

33.6.5.2 A control accessory shall only be used with an operator when the combination of the operator
and the control accessory comply with the applicable entrapment protection features including:

a) Inherent Primary Entrapment Protection, in accordance with 33.2;

b) Secondary Entrapment Protection, in accordance with 33.3.
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33.6.5.3 A control accessory shall be marked to indicate “For use only with garage door operators
complying with UL 325, manufactured after ., or “For use only with the following garage door
operators: .” The date (e.g. “1993”, “February 21, 2008”) or the additional information provided in
the blank shall be added by the accessory manufacturer such that the combination of the control and
operator(s) it is intended for use with complies with 33.6.5.2. This marking shall appear on the packaging

and on the product, and shall be repeated in the instructions accompanying the accessory.

33.6.5.4 To comply with 33.6.5.2, a control accessory shall comply with one or more of the following:
a) Not be capable of operating when connected to an operator that is not compliant with 33.6.5.2;

b) Be restricted to function only with specific operators, such that the combination of the control and

c) Provide additional functionality to an operator or system such that when operating Via the control
ry, the combination of the control accessory and the operator complies with 38.6.5.2;

arked to indicate as indicated in 33.6.5.3.
33.6.6 Instruyctions and markings

33.6.6.1 Thel control accessory shall be provided with instructions-as-follows:
a) Instructions per Section 60, as applicable.

b) Instfuctions that repeat any warning or cautionary product markings and field Igbels required
below.

33.6.6.2 The control accessory shall be provided with markings as follows:
a) Markings on the product per Section 63, as applicable.

b) In lleu of 63.3.2, the product package shall be marked with the following ¢r equivalent:
"WARNING: To reduce the_ risk of injury to persons — Only enable [+] feature when|installed with
sectional door.", where + isithe unattended operation closing function , or “WARNING: To reduce
the ris of injury to persons — Do not use this device with one-piece doors or swinging|doors.”

c) On the packagéetor the product — any other markings related to use of the contrgl with specific
operatgrs, per 336.5.4.

33.6.6.3 The control accessory shall be provided with a label for field installation as required by 61.3 —
61.7, including-bit not limited to 61 Z(h)(5)

34 Vertically Moving Combination Rigid One-Piece Overhead Residential Garage Door and
Operator System

Note: Section 34 applies only to products produced and sold as a system, with rigid one-piece overhead door and the door operator
together, as defined in 4.2. Section 34 does not apply to a residential garage door operator as defined in 4.19 that is manufactured
and intended for sale separate from the door, and that may be intended for installation on a standard one-piece door in the field.

34.1 A vertically moving combination rigid one-piece overhead residential garage door and operator
system shall comply with the applicable residential garage door operator requirements in this standard and
shall additionally comply with the following:

a) The speed of the door edge during the opening or closing motion shall not exceed 152 mm (6 in)
per second.
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b) The system shall be supplied with two additional independent secondary entrapment protection
devices complying with Secondary Entrapment Protection, 33.3. When photoelectric sensors are
used, a minimum of two sensors in addition to a third secondary device shall be supplied. The
instructions shall state that one photoelectric sensor shall be positioned to comply with
Photoelectric Sensors, Section 37, and the other(s) shall be positioned on the left and right sides of
the door to detect solid objects that would be within the space where the door moves as it opens or
closes.

¢) A means to manually detach both door operators from the door shall be provided. For systems
where the mechanical drive is located on a wall adjacent to the door, the means is not required to
comply with 33.4.1. Instead, the means shall be located 1.52 m (5 ft) above the floor, shall not
require a torque of more than 6.78 N-m (5 ft-Ib) to initiate disconnection when the door is

i g i j he-mechanism. The

e)A
or acc

eans (interlock) shall be supplied to de-energize the opérator whenever an op
ss (service) door that is mounted in the garage doahis opened perpendicularn

he rest of the
be provided in

he operator is
as the means

erable window
to the surface
nterlock) shall

ing or closing

that make up

load equal to
hce with Dead

the interlocks

of the |garage door. An electromechanical switch or relay ‘employed as the means (
also comply with the requirements in Section 52, as applicable.
f) The|door shall not move outward from the exterior wall surface during the oper
cycle.
g) Thg door or door system (mounting hardware, track assembly, and components
the dopr) shall comply with Moving Patts, Section 28.
h) A hprizontal track assembly-including installation hardware, shall support a deag
the dopr weight when the door-is in the horizontal position when tested in accorda
Load Test, Section 57.
i) Instrjctions for the installation of operable windows and access (service) doors ang
specified in (e) shallbe supplied with the operator.

EXTERNAL ENTRAPMENT PROTECTION DEVICES

35 All Deviges

35.1 General

35.1.1 An external entrapment protection device shall perform its intended function when tested in

accordance with 35.1.2-35.1.4.

35.1.2 The device is to be installed in the intended manner and its terminals connected to circuits of the

operator as in

dicated by the installation instructions.

35.1.3 The device is to be installed and tested at minimum and maximum heights and widths
representative of recommended ranges specified in the installation instructions. For doors, if not specified,
devices are to be tested on a minimum 2.13-m (7-ft) wide door and maximum 6.10-m (20-ft) wide door.
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35.1.4 If powered by a separate source of power, the power-input supply terminals are to be connected
to supply circuits of rated voltage and frequency.

35.1.5 An external entrapment protection device requiring alignment, such as a photoelectric sensor,
shall be provided with a means, such as a visual indicator, to show proper alignment and operation of the

device.

35.2 Current protection test

35.2.1

terminals or leads are shorted or miswired to adjacent terminals.

There shall be no damage to the entrapment protection circuitry if low voltage field-wiring

3522 To d
connected to
low-voltage te
voltage lead o

35.2.3 After

a)Ap

applicable, and

b) An ¢

35.3 Water gxposure tests

35.3.1 Splagh test

35.3.1.1 An
or less above
risk of electric
external surfa

35.3.1.2 Extg¢rnal entrapment protection devices are to be indirectly sprayed using a hose h

end fitted wit
maintaining a
from the hoseg
manner that r|
brought closer

|

termine compliance with 35.2.1, an external entrapment protection dey
n operator or other source of power in the intended manner, after which.alt g
rminals or leads are to be reversed as pairs, reversed individually, or cannects
" adjacent terminal.

estoring the connections in the intended manner:

hotoelectric sensor shall comply with the Normal Opefation tests per 37.]

dge sensor shall comply with the applicable Normal*Operation test, per 39.1.

bxternal entrapment protection device intended to be installed inside a garage
the floor shall withstand indireet water spray as described in 35.3.1.2 without
shock and shall function*as intended per 35.3.1.3. After exposure to the ws
e of the device is to be dried before determining its functionality.

n a nozzle as\illustrated in Figure 35.1 and connected to a water supp
flow rate of 19 L (5 gal) per minute as measured at the outlet orifice of the noz
is to be~sprayed, from all sides and at any angle, against the floor under th
bsults_in-water spray on the enclosure of electrical components. The nozzl
than 3.05 m (10 ft) horizontally to the device. The water is to be sprayed for 1

ice is to be
onnections to
ed to any low-

I or 37.2, as

914 mm (3 ft)
resulting in a
ter spray, the

aving the free
y capable of
rle. The water
e device in a
is not to be
min.

D
e
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Figure 35.1
Nozzle
SECTION A—A
e 38.1 mMm =
(1=1/2 INCHES)
28.6 mm — 7.9 mm
(1—1/8 INCHES) (5/16 INCH)
— 16.7 mm A
(21/32 INCH)
o
|
}_ |
] - i
i —
7l
A
4.8 mm
(3/16 INCH) 19.1 mm
(3/4 INCH) PIPE OR
SBO538A HOSE THREAD
35.3.1.3 After drying the external surface of the device:
a) A photoelectric sensor shall ,comply with the Normal Operation Tests per 37{1 or 37.2, as

applicable, and

b) An ¢dge sensor shall. comply with the applicable Normal Operation Test, per 39.1.

c) Thefe shall be no\water on uninsulated live parts of a line voltage circuit.

35.3.2 Rain|test

35.3.2.1 External entrapment protection device pes B1 and B2, and D when intend

pd for outdoor

use, shall comply with the water spray of the Insulation Resistance Test and Dielectric Voltage-Withstand

Test (Repeated), Section 48. After the test:

a) A line voltage device shall comply with 48.1,

b) A photoelectric sensor shall comply with the Normal Operation Tests per 37.1 or 37.2, as

applicable, and

¢) An edge sensor shall comply with the applicable Normal Operation Test, per 39.1.

35.4 Ultraviolet light exposure test

35.4.1 A polymeric material used as a functional part of a device that is exposed to outdoor weather

conditions shall comply with the Ultraviolet Light Exposure Test described in the Standard
Materials — Use in Electrical Equipment Evaluations, referenced in Annex A, Ref. No. 4.

for Polymeric
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35.5 Resistance to impact test

35.5.1
functional part

shall be subjected to the impact test specified in 35.5.2. As a result of the test:

a) There shall not be cracking or breaking of the part, and

b) The part shall operate as intended, per 35.5.4, at room temperature.

An external entrapment protection device employing a polymeric or elastomeric material as a

A part that is dislodged, is not cracked or broken, and is capable of being restored to its original condition
meets the intent of the requirement.

Exception: If 4
Tests, Section

a) Ope
b) Shu

35.5.2 Samp

Impact Test described in the Standard for Polymeric Materials — Use’in Electrical Equipmen

referenced in
ft-Ibf) impacts,
points.

35.5.3 In lie
device used w
to be cooled
temperature f
temperature o
samples shall
compliance w
comply with 34

35,54 Tode

a) Ap
applicq

b) An g

part is cracked or broken, as an alternative, it may be subjecied 1o the Vi
35.3 after the impact test. After the water exposure tests, the device shall eithg

rate as intended per 35.5.4; or

down safely (i.e. provide an obstruction signal to the door/gate opérator).

les of the external entrapment protection device are to be_subjected to the

A\nnex A, Ref. No. 4. The external entrapment protection device is to be subjec
Three samples are to be tested, each sample being subjected to three impa

of conducting the room temperature test(described in 35.5.2, each of three
th a gate or a device exposed to outdoer weather when the door is in the close
to a temperature of minus 35.0 -#2;0°C (minus 31.0 +3.6°F ) and main
br 3 h. Three samples of a device employed inside the garage are to be
[ 0.0°C (32.0°F) and maintained-at this temperature for 3 h. While the sample i
be subject to the test described in 35.5.2, and shall comply with 35.5.1(a). Afte
th 35.5.1(a), the sample shall be allowed to return to room temperature, 3
.5.1(b).

ermine complianee/with 35.5.1(b):

hotoelectrictsensor shall comply with the Normal Operation tests per 37.]
ble, and

dge.sensor shall comply with the applicable Normal Operation test, per 39.1.

ter Exposure
15

Resistance to
t Evaluations,
tedto 6.8 J (5
tts at different

samples of a
d position are
ained at this
b cooled to a
5 still cold, the
er determining
nd then shall

| or 37.2, as

36 External

36.1

36.1.1

Entrapment Protection Devices with Wireless Control

Initial test set-up

battery shall be installed per the instructions or markings on the product. See 60.1.11.

For a wireless device intended to be powered by a non-rechargeable battery, a fully charged

36.1.2 An entrapment protection device or system employing a wireless control, or separately supplied
for, shall be installed per the manufacturer’s instructions.

36.2 Radiated immunity test

36.2.1

An external entrapment protection device when employing wireless control shall operate as

specified in 31.2, 32.1.7, 32.1.17, or, 33.3.1 — 33.3.5 as applicable; or is rendered inoperative (any case in
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which the operator will not complete a full cycle, open and close, of travel) when tested in accordance with

36.2.2.

36.2.2 Compliance to 36.2.1 is verified by simulating an obstruction during the period of the electric field
strength test of 26.7.

36.3 Battery test for wireless devices

36.3.1

An external entrapment protection device when employing a battery powered wireless control

shall operate as specified in 31.2, 32.1.7, 32.1.17, or, 33.3.1 — 33.3.5 as applicable; or is rendered
inoperative (any case in which the operator will not complete a full cycle, open and close, of travel) when
tested in accordance with 36.3.2.

36.3.2 Com
a) Full

b) Dis
voltag

36.3.3 Ane
under conditiq

bliance with 36.3.1 shall be verified with battery charge at the following levels:
y charged, and

harged per the manufacturer’s recommendations to the wireless device’s low

D

ternal entrapment protection device employing a battéry powered wireless dg
ns with a fully discharged battery or when the battery/is discharged sufficient

bst operational

vice operating
y to cause the

device or sysfem to render the moving door or gate inoperative, shall be considered a single point fault for

complying wit|
36.4 Ambie

36.4.1 Ane
specified in 3

h 26.9, 26.10, 31.2.2, 32.1.8, and 33.3.3.

Nt light test for wireless device with IR'eommunication

ternal entrapment protection device,"when employing an IR communication s
.2,32.1.7, 32.1.17, or, 33.3.1 = 33.3.5 as applicable; or is rendered inoperatiy

which the ope
impinging at
36.4.2.

36.4.2 Ane
maximum rar
source imping
external entrg

rator will not complete a full cycle, open and close, of travel) when subjected t
An angle of 15 to 20 degrees from the axis of the beam when tested in ag

ternal entrapmerit protection device when employing an IR communication sh
ge per 36.1. Thé ambient light test described in 37.4.2 shall be conducted
ing on each.R receiver, one at a time that is part of the wireless control syste
pment protection device and the operator.

nall operate as
e (any case in
b ambient light
cordance with

all be set up at
with the light
m between the

37 PhotoeITctric Sensors

371

37.1.1

Normal operation test (doors, vertical lift gates, and vertical pivot gates)

When installed as described in 35.1.1 — 35.1.4, a photoelectric sensor of a vertically moving door

or gate shall sense an obstruction as described in 37.1.3 that is to be placed on a level surface below the
door or gate. The sensor is to be tested with the obstruction at a total of five different locations over the
width of the door or gate opening. The locations shall include distances 25.4 mm (1 in) from each end, 305
mm (1 ft) from each end, and the midpoint.

37.1.2 When installed as described in 35.1.1 — 35.1.4, a photoelectric sensor of a horizontally moving
residential garage door shall be tested per 37.1.3 that is to be placed on a level surface within the path of
the moving door. The sensor is to be tested with the obstruction at a total of five different locations over the
height of the door or gate opening. The locations shall include distances 25.4 mm (1 in) from each end,
305 mm (1 ft) from each end, and the midpoint.
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37.1.3 The obstruction noted in 37.1.1 and 37.1.2, shall consist of a white vertical surface, 152-mm (6-in)
high by 305-mm (12-in) long. The obstruction is to be centered in the opening perpendicular to the plane of
the door or gate when in the closed position. See Figure 37.1.

Figure 37.1

Stationary obstruction

/ PLANE OF CLOSED DOOR OR(GATE

152 mm
(61in)

/ OBSTRUCTION

NN

152 mm
(6in)

305 am

12in

VAN
=

sm959a

37.2 Normal operation test (allother gates)

37.2.1 Whern installed as described in 35.1.1 — 35.1.4, a photoelectric sensor shall sense an obstruction
as described ip 37.2.2 that\is placed on a level surface in the path of the leading edge of thg gate. Except
for a bifold gate operator or system, the sensor is to be tested with the obstruction at a total gf five different
locations over| the Width of the gate opening. The locations shall include distances 25.4 nm (1 in) from
each end, 305{mm*(1 ft) from each end, and the midpoint. The 305 mm (1 ft) side of the obstruction is to be
centered acro f f i f ajep e 37.2.3 for a
bifold gate operator or system.

37.2.2 The obstruction used for the test is to consist of a white vertical surface, 698-mm (27-1/2-in) high
by 305-mm (12-in) wide. The obstruction is to be placed on the ground in accordance with 37.2.1.

Exception: For a gate that is wider than 50.8 mm (2 in), the obstruction shall extend 152 mm (6 in) from the
outer faces of the gate.

37.2.3 For a photoelectric sensor intended for use on a bifold gate operator or system, the obstruction
shall be placed in accordance with a through d below, as applicable, for the entrapment zones intended to
be protected by the sensor(s):

a) When installed as described in 35.1.1 — 35.1.4, a photoelectric sensor shall sense an obstruction
as described in 37.2.2 that is placed on a level surface in the path of the leading edge of the gate in
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the closing direction (see Figure 4.3, edge 6). The sensor is to be tested with the obstruction at a
total of five different locations over the width of the gate opening. The locations shall include
distances 25.4 mm (1 in) from each end, 305 mm (1 ft) from each end, and the midpoint. The 305
mm (1 ft) side of the obstruction is to be centered across the gate opening perpendicular to a
straight line across the opening.

b) In at least one location along the path travelled by the opening side of the Outer column panel,
outside horizontal bottom edge. See Figure 4.3, edge 4. The 305 mm (1 ft) side of the obstruction is
to be positioned on a surface perpendicular to gate edge 4, located in the midpoint of Figure 4.1
panel 2 between the post Figure 4.1 item 1 and the hinge edge Figure 4.2 item 9.

c) In at least one location along the path of the opening gate, 2 ft into the “V” area formed by the

gate

into th
intenti
openir]

d) If a
placed

37.3 Sensit

37.3.1 Whe
a moving obje

37.3.2 The moving object is to consist of a 47.6 mni\(1-7/8 in) diameter cylindrical rod, 87

in) long, with
centered dire
below the do
from a positio

pfm%mgmmasmmmmmmn
be orignted so the 305 mm (1 ft) side of the obstruction is parallel to the closed ga

e “V” area. The obstruction shall be placed in that location after the g
bnally stopped with a control mid-travel, and then the gate shall be restarted vi
g direction.

photo eye is intended to protect any other entrapment zone(s), the obstry

in at least one location for each entrapment zone it is intended'to protect.
vity test
h installed as described in 35.1.1 — 35.1.4, a photeelectric sensor shall sense t

ct when tested according to 37.3.2.

the axis point being 864 mm (34 in)/from the end. The axis point is to be fi
ctly above the beam of the photoelectric sensor 914 mm (36 in) above thg
br or gate. The rod is to be swung as a pendulum through the photoelectric
h 45 degrees from the planeofthe door or gate when in the closed position. Se

bstruction is to
e line, but 2 ft
ate has been
b control in the

ction shall be

ne presence of

6-mm (34-1/2-
xed at a point
level surface
sensor's beam

e Figure 37.2.
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Figure 37.2

Moving obstruction

47.6 mm (1-7/8 in)
DIAMETER CYLINDER

927.1-1028.7 mm (36.5 - 40.5 in)

914 mm (36 in)

864 mm (34 in)

NISIN

\\ \\
45° RN
< \\\ N
N\
\\\ \\\
\\\ \\\
\, \
\ \
\\ \\
PHOTOELECTRIC SENSOR \y/

-
-
—_—

su1385

37.3.3 The tgst described in 37.3.2 is to be conducted at three points over the width of th¢ door or gate
opening, at digtances of 305 mm (1 ft) fram.each end and the midpoint.

37.3.4 Wher the test fixture in Figure 37.2, prior to conduct of the test, interferes with thg photoelectric

sensor detectipn zone, the testsper37.3.1 — 37.3.3 may be conducted instead per 38.4.

37.4 Ambient light test

37.4.1

A phdtoelectrie’sensor shall operate as specified in 33.3.1 and 33.3.3 when subjected to ambient

light impingingd at:an‘angle of 15 to 20 degrees from the axis of the beam when tested according to 37.4.2

and, if approptiate, 37.4.3.

37.4.2 To determine compliance with 37.4.1, a 500 W incandescent or equivalent minimum rated, 3600 K
or lower color rated photo floodlamp is to be energized from a 120-V, 60-Hz source. The lamp is to be
positioned 1.52 m (5 ft) from the front of the receiver and aimed directly at the sensor at an angle of 15 to
20 degrees from the axis of the beam. See Figure 37.3.
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Figure 37.3
Ambient light test

500 WATT, 3600K PHOTO FLOODLAMP

PHOTOELECTRIC SENSOR

|82 o ® )

T

15-20 DEG

sm960

3743
reflector.

If the

photoelectric sensor uses a reflector, this test is to bésepeated with the lamp aimed at the

37.4.4 Durirlg the conditions in 37.4.2 and 37.4.3:

a) A photoelectric sensor shall comply with the Normal Operation Tests per 37|
applicable, and

11 or 37.2, as

b) A plhotoelectric sensor shall comply with*the Sensitivity Test per 37.3, and

c) An ¢dge sensor shall comply with:the Normal Operation Test, per 39.1.
38 Photoeléectric Sensor Vertical-Arrays

38.1 Averti
38.2 — 38.5.

al array shall be tested as required by Photoelectric Sensors, Section 37, excépt as noted in

38.2 The ar

placed on the
locations ove

ay shall comply with the Normal Operation tests in 37.1 and 37.2, with the sg
floorsper 37.1 or the ground per 37.2. In addition, the obstruction shall be plg
- thevheight of the light curtain array in accordance with the light curtain covg

lid obstruction
ced at various
rage area per

the manufacturer’s-instroctions:

38.3 In conducting the tests in 37.1 and 37.2, when the product includes a blanking function whereby the
light array is located directly in-line with the path of the door travel, and the door system is intended to
detect any obstruction other than one in the “next” successive position that the door is programmed to
travel, the obstruction is placed at any location other than the next successive door position expected by
the system.

38.4 The array shall comply with the Sensitivity Test, 37.3, except that the edge of the pendulum nearest
to the array is to be located 50.8 mm (2 in) from one side of the plane of the array, rather than directly
above one photoelectric sensor pair. For vertical arrays, this test need only be conducted with the test
pendulum at the vertical height indicated in 37.3.2.

38.5 When conducting the Ambient Light Test, 37.4, the position of the light source shall be aligned per
37.4.2 based on the axis of the lowest beam or detection zone. This arrangement shall be used to
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determine compliance with 38.4, and with 38.2 with the obstruction at the floor/ground level, which are the
only conditions for which the ambient light is required to be applied.

39 Edge Sensors

39.1 Normal

39.1.1 Edge

operation test

sensor

39.1.1.1 An edge sensor, when installed on a representative door or gate, shall actuate upon the
application of a 66.7 N (15 Ibf) or less force in the direction of the application when tested at room

temperature

5°C +2°C (77°F +3 6°F) Additionally, when intended for use when expos

d to outdoor

temperature, g

a) For
is to be
sensor
39.2.

b) For
bifold g
perpen

c) For
swingir
that the
and the

hall actuate at 177.9 N (40 Ibf) or less force when tested at -35°C +2°C (-31°F

bn edge sensor intended to be used on a sectional door, slide gate, orbifold ¢
applied by the longitudinal edge of a 1-7/8 in (47.6 mm) diameter cylinder plag
so that the axis is perpendicular to the plane of the door or gate. See’Figure 3

+3.6°F).

ate, the force
ed across the
).1 and Figure

an edge sensor intended to be used on a one piece door swinging door, ¢

dicular to the plane of the door or gate. See Figure 39.3 and Figure 39.4.

g or bifold gate, providing activation in both directions of travel, the force is to
axis is at an angle 30 degrees from the ditection perpendicular to both the clqg
opening direction. See Figure 39.5.

Figure 39.1

Side View — Sectional Door or Vertical Lift/Pivot Gate

7

r swinging or

ate, the force is to be applied so that the axis is at anangle 30 degrees fronj the direction

an edge sensor that wraps around the leading~edge of a swinging one-pigce door or a

be applied so
sing direction

A — Edge Sensor

su2675

B —47.625 mm (1-7/8 in) Diameter Cylinder
C—-66.7 N (15 Ibf)

D — Ground/Floor
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Figure 39.2

Top View — Horizontally Moving Door or Slide Gate
R B
J
( )
C
Su2676

A — Edge Sensor]
B — 47.625 mm (1-7/8 in) Diameter Cylinder
C-66.7 N (15 Ibf)

Figure 39.3

su2677

A — Edge Sensor

B —47.625 mm (1-7/8 in) Diameter Cylinder
C—-66.7 N (15 Ibf)

D — Ground/Floor

E — Outside Surface

Side View — One-Piece Door

/\5
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Figure 39.4

Top View — Horizontal Swing Gate or Swing Door

E
A
\ B
30°
I
( I
C
Su2678
A — Edge Sensor
B —47.625 mm (1}7/8 in) Diameter Cylinder
C—-66.7 N (15 Ibf]
E — Outside Surfape
Figure'39.5

Top View — Horizontal Swing 'Gate or Door — Wraparound Edge

F F

N\ /

BO° / \ 30

su2679

A — Edge Sensor
B —47.625 mm (1-7/8 in) Diameter Cylinder
C-66.7 N (15 Ibf)

F — Direction of Travel

39.1.1.2 With respect to the test of 39.1.1.1, the test is to be repeated at various representative points of
the edge sensor across the length of the edge sensor. See Figure 39.6 and/or Figure 39.7, as applicable.
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A — Edge Sensor]
B —47.625 mm (
C—-66.7 N (15 Ib]
D — Ground/Floo

Figure 39.6

Front View — Sectional or One-Piece Door or Vertical Lift/Pivot Gate

C Z
S&
N
-7/8 in) Diameter Cylinder — At various{' hts, perpendicular or at 30 degree angle, depending o
)

&
oo®
S
3
S

h door/gate type.

\)\/
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Figure 39.7

| Side View — Horizontally Moving Door or Slide Gate or Swinging Door/Gate or Bifold Gate

5U2681 D

\Y
A — Edge Sensor 0

B —47.625 mm (1-7/8 in) Diameter Cylinder — At various heights, perpendicular or at 30 degree angle, depending on door/gate type.
C—-66.7 N (15 Ibf)
D — Ground/Floor
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39.1.2 Commercial/industrial door operators

39.1.2.1 For commercial/industrial door operators intended to be used with a contact type sensor, with
reference to 31.2.1, a 41.3-mm by 88.9-mm (1-5/8-in by 3-1/2-in) solid rectangular object not less than
152-mm (6-in) long is to be fixed in an immobile position with the longitudinal axis perpendicular to the
edge of the door at a distance of 152.4 mm (6 in) from the fully closed position. The 41.3-mm (1-5/8-in)
side of the obstruction facing the leading edge is to contact the moving door at various points along the
width of the door. See Figure 39.8.

Figure 39.8

Front View — Commercial/Industrial Door Operator

su2682

A — Edge Sensor

D — Ground/Floor

G —41.3-mm by 88.9-mm (1-5/8-in by 3-1/2-in) solid object, min. 152.4 mm (6 in) long, placed at various locations along edge of door
H - 152.4 mm (6 in) from floor to centerline of object
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39.1.3 Vehicular gate operators

39.1.3.1 Vehicular gate operators intended to be used with a Type B2 device, with reference to

| 32.1.17(a), shall be tested per 32.2.2, 32.2.3, 32.2.4, or 32.2.5 as applicable. Also see Figure 39.9 for a
vertical pivot, vertical lift gate, or barrier arm; Figure 39.10 for a horizontal slide gate; or Figure 39.11 for a
swing gate. For a horizontal bifold gate operator system, the system shall be tested as per Figure 39.10 in
the last 406 mm (16 in) of travel in the closing direction and Figure 39.11 elsewhere.

Figure 39.9

Front View — Vertically Moving Residential Garage Door, or Vertical Pivot or Vertical Lift Gate or
Barrier Arm

su2683

A — Edge Sensor
D — Ground/Floor

G - 41.3-mm by 88.9-mm (1-5/8-in by 3-1/2-in) solid object, min. 152.4 mm (6 in) long, placed at various locations along edge of
door/gate
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A1

Figure 39.10

| Side View - Slide Gate, Horizontal Bifold Gate, or Horizontally Moving Residential Garage Door

su2684

A1—Edge Sen

or on Leading Edge

G1—41.3-mm By 88.9-mm (1-5/8-in by
3-1/2-in) solid opject, min. 152.4 mm (6
in) long, placed|at various locations along

leading edge

J1 — Movement|when closing

D — Ground/Flopr

A2 — Edge Sensor on Trailing Edge

G2 —41.3-mm by 88.9-nmm (1-5/8-in by
3-1/2-in) solid object, min). 152.4 mm (6

in) long, placed at variou
trailing edge

J2 — Movement when op

D — Ground/Floor

b locations along

Ening
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Figure 39.11

Swing Gate or Horizontal Bifold Gate

1,

T
—_————

su2685

B — Post
D — Ground/Floor
G —41.3-mm by 88.9-mm (1-5/8-in by 3-1/2-in) solid object, min. 152.4 mm (6 in) long, placed at various locations along leading edge

I at a 30 degree angle and/or bottom edge

J —Movement when closing
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39.1.4 Residential garage door operators

39.1.4.1 For vertically moving residential garage door operators intended to be used with an external
edge sensor, with reference to 33.3.1(b), a 41.3 mm by 88.9 mm (1-5/8 in by 3-1/2 in) solid rectangular
object not less than 152 mm (6 in) long is to be fixed in an immobile position at the fully closed position
with the longitudinal axis perpendicular to the edge of the door. The 41.3 mm (1-5/8 in) side of the
obstruction facing the leading edge is to contact the moving door at various points along the width of the
door. See Figure 39.9.

39.1.4.2 For horizontally moving residential garage door operators intended to be used with an external
edge sensor, with reference to 33.3.2(b), a 41.3 mm by 88.9 mm (1-5/8 in by 3-1/2 in) solid rectangular
object not less than 152 mm (6 in) long is to be fixed in an immobile position with the longitudinal axis
perpendicular to the edge of the door. The 41.3 mm (1-5/8 in) side of the obstruction facihg the leading
edge is to corftact the moving door at various points along the leading edge of the door. The same object is
then to be arfanged to contact the moving door at various points along the trailing edge of{the door. See

Figure 39.10.

39.2 Endurance test

of mechanical
application as

39.2.1 An egige sensor system and associated components shall withstand 30,000 cycles
operation without failure. For this test, the edge sensor is to be eycled by the repetitive

described in 3
force is to be
edge sensor

contacts connpected to a load no less severe than it coffrols in the operator. For the las

operation, the
the normal op

39.3 Elasto

39.3.1 Ane

when subjected to:

a) Acc

Excep
fulfills

b) Pun

9.1.1.1, except with a force of a 66.7 N (15 Ibf) or greater, and at room temper
applied to the same location for the entire test.;All intended uses are to be
system employing integral electric contact ‘strips, this test shall be condy

sensor shall function as intended when cehnected to an operator. After the 30
eration test shall be repeated.

meric material conditioning test

astomeric material used-as-a functional part of an edge sensor shall functig

elerated Aging Testyof Gaskets, Section 51, and

fion: Complidnce to the Standard for Gaskets and Seals, referenced in Annex
fhis requirément.

cturesResistance Test, Section 55.

ature only. The
tested. For an
cted with the
t 50 cycles of
000 cycle test

n as intended

A, Ref. No. 29,

39.3.2 Ane

gstomeric Tmateriatused for a furctiomat part that s exposed tooutdoor wea

her conditions

when the door is in the closed position shall have physical properties as specified in Table 51.1 after being
conditioned in accordance with the Ultraviolet Light Exposure Test described in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, referenced in Annex A, Ref. No. 4.

40 Audio Alarms

40.1

40.1.1

Elastomeric material conditioning test

when subjected to Accelerated Aging Test of Gaskets, Section 51.

An elastomeric material used as a functional part of an audio alarm shall function as intended

Exception: Compliance to the Standard for Gaskets and Seals, referenced in Annex A, Ref. No. 29, fulfills
this requirement.
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40.1.2 An elastomeric material used for a functional part of an audio alarm intended to be exposed to
outdoor weather conditions shall have physical properties as specified in Table 51.1 after being
conditioned in accordance with the Ultraviolet Light Exposure Test described in the Standard for Polymeric
Materials — Use in Electrical Equipment Evaluations, referenced in Annex A, Ref. No. 4.

40.2 Activation test

40.2.1 When the audio alarm is intended to be used on a Class | or Il gate operator with a Type A
entrapment protection device to comply with 32.1.2, the gate operator shall be obstructed twice without
being reset between obstructions. The first obstruction shall be as specified as in 32.2.2 — 32.2.4. The
second obstruction shall be a rigid object placed behind the gate in a location so that the gate contacts the
second obstruction upon reversal. The second obstruction shall be a solid object fixed in an immobile
position. Upor| sensing the second obstruction, the gate operator shall stop the gate and act{vate an audio
alarm. The audlio alarm shall comply with 32.1.4.

41 Trial Instpllation

41.1 To detgrmine whether the installation instructions in the instruction. manual comply with the
requirements |n 60.1.3 — 60.1.5, 60.3.1, and 60.3.2, a trial installation is¢to~be made using the instruction
manual.

41A Lasers{In U.S.)

41A.1 A prodluct employing a laser shall comply with the Code of Federal Regulations (GFR), Title 21,
Part 1040.

41A.2 With reference to 41A.1, compliance of-la@ser products with the Code of Federgl Regulations
(CFR), Title 21, Part 1040, shall be determined by:

a) Detgrmining the Class of the laser-product and the Class of the radiation emitted by the laser
product (as defined in the CFR).from the manufacturer’'s Center for Devices and Radiological
Health (CDRH) product report;

b) Verifying that the manufacturer’s markings and labels having the information specified in the
CFR afe affixed on the laser product (as defined in the CFR);

c) Detgrmining that-the corresponding construction features, such as protective housing, interlocks,
and similar features, are provided in accordance with the CFR;

d) Determining that the resulting construction complies with the construction requirgments of this
standarg:-and

e) Verifying that the manufacturer’s safety instructions required by the CFR are provided with the
laser product (as defined in the CFR).

41B Lasers (In Canada)

41B.1 A product employing a laser shall comply with the Consolidated Regulations of Canada (C.R.C), c.
1370 Radiation Emitting Devices Regulations.

41B.2 With reference to 41B.1, compliance of laser products with the Consolidated Regulations of
Canada (C.R.C), c. 1370 Radiation Emitting Devices Regulations, shall be determined by:

a) Determining the Class of the laser product and the Class of the radiation emitted by the laser
product (as defined in the C.R.C.) from the manufacturer’s Health Canada product report;
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b) Verifying that the manufacturer’'s markings and labels having the information specified in the

C.R.C

. are affixed on the laser product (as defined in the C.R.C.);

c) Determining that the corresponding construction features, such as protective housing, interlocks,
and similar features, are provided in accordance with the C.R.C;

d) Determining that the resulting construction complies with the construction requirements of this
standard; and

e) Verifying that the manufacturer’s safety instructions required by the C.R.C. are provided with the
laser product (as defined in the C.R.C.).

PERFORMANCE

42 Leakage

42.1 General

4211 Thel
tested in acco

a) 0.5
b) 0.74

Exception: A
comply with t

42.1.2 Leak
conveyed bet
surfaces of arf

42.1.3 Alle
these surface
simultaneous
considered to
of electric sh
accessible if
measurement

electric shock].

Current Test

bakage current of a cord-connected appliance rated for a nominal 250-V or leg
rdance with 42.1.3 — 42.2.2 shall not be more than:

MA for an ungrounded (2-wire) appliance, and

mA for a grounded (3-wire) appliance.

product that complies with the leakage current requirements in UL 101 is
ese requirements.

hge current refers to all currents;*including capacitively coupled currents
veen exposed conductive surfaces of an appliance and ground or other expos
appliance.

posed conductive surfaces are to be tested for leakage currents. The leakagg
5 are to be measured to the grounded supply conductor individually as well a
y accessible and_from one surface to another if simultaneously accessi
be exposed surfaces unless guarded by an enclosure that provides protectior
ock as defined in 10.1, 10.2 and 10.7. Surfaces are considered to be s
hey canbe readily contacted by one or both hands of a person at the sam
s do<not apply to terminals operating at voltages that are not considered to in

s supply when

considered to

that may be
ed conductive

currents from
5 collectively if
ble. Parts are
against a risk
imultaneously
e time. These
volve a risk of

42.1.4

If a conductive surface other than metal is used for the enclosure or part of the enclosure, the

leakage current is to be measured using a metal foil with an area of 10 by 20 cm (4 by 8 in) in contact with
the surface. If the surface is less than 10 by 20 cm (4 by 8 in), the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the appliance.

42.1.5 The measurement circuit for leakage current is to be as illustrated in Figure 42.1. The
measurement instrument is defined in (a) — (c). The meter that is actually used for a measurement need
only indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 pF.
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b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0-100 kHz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of impedance of a
1500-ohm resistor shunted by a 0.15-yF capacitor to 1500 ohms. At an indication of 0.5 or 0.75
mA, the measurement is to have an error of not more than 5 percent at 60 Hz.

42.1.6 Unless the meter is being used to measure leakage from one part of an appliance to another, it is
to be connected between the accessible parts and the grounded supply conductor.

42.2 Tests

4221 A saerIe of the appliance is to be tested for leakage current starting with) th

condition, but
being without
voltage is to 1

Figure 42.1 —

a) With
is to bsg
their ng

b) Swit
be me4d
normal

c) The
to be u
operati

with its grounding conductor, if any, open at the attachment plug — the as-rece
prior energization, except as may occur as part of the production-line ‘testin
e adjusted to rated voltage. The test sequence, with reference-{olthe meas
5 to be as follows:

switch S1 open, the appliance is to be connected to the measuring circuit. Le
measured using both positions of switch S2, and withdhe appliance switching
rmal operating positions.

th S1 is then to be closed energizing the applianee; and within 5 s, the leakag
sured using both positions of switch S2 and with the appliance switching devi
operating positions.

eakage current is to be monitored untitthermal stabilization. Both positions of
sed in determining this measuremehnt. Thermal stabilization is considered to b
bn as in the normal temperature test.

b as-received
ved condition
§. The supply
uring circuit —

akage current
devices in all

e current is to
ces in all their

switch S2 are
e obtained by
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Figure 42.1

Leakage-current measurement circuit

PRODUCT METER

t:::::::EE;__ INSULATING
- TABLE

Z
GROUNDED SUPPLY CONDUCTOR B N\

Product intendgd for connection to a 120—volt power supply, as illustrated above.

o PRODUECT METER
ﬁ 120V A
240V = 5 5 ==
‘ 120V —
3

St = | | INsuLaTING
TABLE

GROUNDED SUPPLY CONDUCTOR B

Product intendgd for connection to a 3—wire, grounded.ngutral power supply, as illustrated above.

PRODUCT METER

e
= | | NsuLaTnG
TABLE

240V <+— S
‘ 120V 1<yﬂy”é]
2 Tw

L_

GROUNDED SUPPLY CONDUCTOR B
Product intended for connection to a 3—wire, grounded neutral power supply, as illustrated above.

LC300J

A: PROBE WITH SHIELDED LEAD.
B: SEPARATED AND USED AS CLIP WHEN MEASURING CURRENTS FROM ONE PART OF DEVICE TO ANOTHER.
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42.2.2 Normally a sample will be carried through the complete leakage current test, as specified in
42.2.1, without interruption for other tests. With the concurrence of those concerned, the leakage current
test may be interrupted for the purpose of conducting other nondestructive tests.

43 Leakage Current and Insulation Resistance Test Following Humidity Conditioning

43.1 An appliance shall comply with the requirements for leakage current in Section 42 following
exposure for 48 h to air having a relative humidity of 88 +2 percent and at a temperature of 32.0 £2.0°C
(89.6 £3.6°F).

43.2 To determine whether an appliance complies with the requirement in 43.1, a sample of the
appliance at an_initial temperature just above 34.0°C (93.2°F) is to be conditioned for 48 h in a humidity
chamber mainftained as specified in 43.1. Following the conditioning:

a) An gppliance as mentioned in 42.1.1 is to be tested unenergized as described in 42.2.1(a). The

sampl
discon
leakag

43.2(a).

b) An appliance other than as mentioned in (a) shall have af insulation resistance

50,000
44 Starting

441 Anapp
by an ordinary
which the app

Exception: Th

a) The
continy

b) The

442 An app
normally on a
branch circuit

is then to be energized and tested as described in 42.2.1 (b) and(C). The
inued when the leakage current stabilizes or decreases. If UL 40# is used
e current, the measurement conditions in UL 101 shall be followed instead of a

ohms between live parts and interconnected dead metal parts.

Current Test

— not time-delay — fuse having a curreatrating corresponding to that of the br
jance should be connected.

b requirement does not apply.if:

construction of the appliarice or the nature of its usage is such that it is like
ally on the same branch circuit after installation, and

appliance will start.and operate normally on a circuit protected by a time-delay

iance that-would normally be used on a 15- or 20-A branch circuit shall star
circuit protected by a time-delay fuse having an ampere rating corresponding
bn which the appliance would normally be used.

test is to be
o assess the
5 described in

not less than

iance other than as described in 44.2 shallstart and operate normally on a circuit protected

anch circuit to

ly to be used

fuse.

t and operate
to that of the

44.3 To dete

started three

times, with the appliance at room temperature at the beginning of the test. The start of each motor is to be
made under conditions representing the normal operating cycle and load. Each motor is to be allowed to
come to full speed and then to come to rest between successive starts. The performance is unacceptable
if the fuse opens. Tripping of an overload protector as part of the appliance is also unacceptable.

45 Input Current Test

451 The current input or wattage to an appliance shall not be more than 110 percent of the rated value

when the appliance is operated under the condition of maximum normal load as described in 46.2.1 —
46.11.1, and when connected to a supply circuit of maximum rated voltage and rated frequency.

45.2 For an appliance having a single voltage rating, such as 115 or 230 V, maximum rated voltage is
considered to be that single value of voltage. If the rating is given in terms of a range of voltage, maximum
rated voltage is considered to be the highest value of the range — 120 or 240 V, minimum.
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46 Normal Temperature Test

46.1

46.1.1

General

An appliance when tested under the conditions of maximum normal load as described in 46.2.1 —
46.11.1 shall not attain a temperature at any point sufficiently high to result in a risk of fire, to damage any

materials employed in the appliance, or to exceed the temperature rises specified in Table 46.1.

Table 46.1
Maximum temperature rises

Degrees
Material and component parts c (F)
1. Varnishdd-cloth insulation 60 (108)
2. Fuses 65 (17)
3. Fiber en}ployed as electrical insulation 65 (117)
4. Wood and other combustible material 65 (117)
5. At any ppint within a terminal box or wiring compartment of a permanently connected 35 (63)
appliange in which power-supply conductors are to be connected, including.such
conductgrs themselves
6. A surfack upon which a stationary appliance is expected to be mounted in service, and 65 (117)
surfaceq that are expected to be adjacent to the appliance when sp.mounted
7. Class 1(5 (A) insulation on coil windings of an a-c motor having@ diameter of more than
178 mm|(7 in), of a d-c motor, and of a universal motor®®:
A Infan open motor®
Thermocouple method 65 (117)
Resistance method 75 (135)
B. In|a totally enclosed motor
Thermocouple method 70 (126)
Resistance method 80 (144)
8. Class 1(5 (A) insulation on coil windings of an a-c motor having a diameter of 178 mm (7
in) or legs excluding a univefsal'motor and on vibrator coils®®:
A. Infan open motor.and on vibrator coils®
Thermogouple or resistance method 75 (135)
B. In|a totally-enclosed motor
Thermocouple or resistance method 80 (144)
9. Class 130 (B) insulation, except as indicated in items 15 and 162
A. Transformers
Thermocouple method 85 (153)
Resistance method 95 (171)
B. Relays or solenoid windings
Thermocouple method 85 (153)
Resistance method 105 (189)
10. Phenolic composition employed as electrical insulation or as a part, the deterioration of 125 (225)
which results in a risk of fire or electric shock®
11. Rubber- or thermoplastic-insulated wire and cord®® 35 (63)
12. Capacitor

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Degrees
Material and component parts c (F)
Electrolytic' 40 (72)
Other types?® 65 117)
13. Sealing compound 40°C (104°F) less than melting
point
14. Class 105 (A) insulation on windings of a relay, a solenoid, or similar component®°
Thermocouple method 65 (117)
Resistance method 85 (153)
15. Class 130 (B) insulation on coil windings of an a-c motor having a diameter of 178 mm (7
in) or mofe, excluding a universal motor®®
A.  In&n open motor®
Thermocouple method 85 (153)
Resistance method 95 171)
B. In & total enclosed motor
Thermocouple method 90 (162)
Resistance method 100 (180)
16. Class 130 (B) insulation on coil windings of an a-c motor having a diameter of 178 mm (7
in) or les$, excluding a universal motor®®
A. In @n open motor
Thermocouple or resistance method® 95 171)
B. In & totally enclosed motor
Thermocouple or resistance method 100 (180)
17. Class 159 (F) insulation on coil windings of transformers
Thermocouple method 110 (198)
Rasistance method 120 (216)
Class 159 (F) insulation on coil windings of motors, thermocouple or resistance method
A. In fin open motor® 120 (216)
B. In & totally enclosed motor 125 (225)
2See 46.1.2.
b See note a in Thble 24.2¢
¢ At a point on the surface‘of a coil where the temperature is affected by an external source of heat, the temperaturg¢ rise measured
by means of a thermocouple is not restricted from being more than the maximum temperature rise specified in this fable when the
temperature rise|as.measured by the resistance method is not more than that specified. The temperature rise meagured by means
of a thermocouple shall not exceed the specified value by more than:

Item Additional Temperature rise
7, Subitem A 15°C (27°F)
8, Subitem A 5°C (9°F)
14 15°C (27°F)
15, Subitem A 20°C (36°F)
16, Subitem A 10°C (18°F)
17, Subitem A 15°C (27°F)

94 The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to a compound that is rated for
use at a higher temperature.

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Degrees

Material and component parts Cc (F)

¢ Rubber-insulated conductors within a Class-A-insulated motor, rubber-insulated motor leads, and a rubber-insulated flexible cord
entering a motor is not restricted from being subjected to a temperature rise of more than 35°C (63°F), when a braid is employed
on the conductor of other than a flexible cord. However, this does not apply to thermoplastic-insulated wire or cord. See 46.1.4.

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

9 A capacitor that operates at a temperature rise of more than 65°C (117°F) shall be investigated on the basis of its marked
temperature limit.

46.1.2 Ordinarily, coil or winding temperatures are to be measured by thermocouples unless the coil is
inaccessible for mounting these devices — for example, a coil immersed in sealing compound — or unless
the coil wrap |ncludes thermal insulation, such as more than two layers — 0.8 mm (1732 in) maximum — of
cotton paper,|rayon, or the like. For a thermocouple-measured temperature of @ coil of an alternating-
current motor| other than a universal motor, having a diameter of 178 mm (7 in))ofless — iteins 8 and 16 in
Table 46.1 — the thermocouple is to be mounted on the integrally applied insulation on the canductor.

46.1.3 All values for temperature rises in Table 46.1 are based on am assumed ambient femperature of
25°C (77°F). [Tests may be conducted at any ambient temperature@within the range of 10 — 40°C (50 —
104°F). If the jappliance incorporates a reel for the power-supply-cord, one-third of the length of the cord is
to be unreeled for the temperature test.

46.1.4 A shprt length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of
more than 60FC (140°F), such as at terminals, is acceptable if supplementary heat-resistant insulation of
adequate dielectric strength is employed on the individual conductors of the cord to protec{ the appliance
against deteripration of the conductor insulation.

46.1.5 For the temperature test, the voltage of a direct-current power-supply circuit is to bge 115 V or 230
V, and that ofl an alternating-current circuit’is to be 120 V or 240 V, depending on whether| the appliance
has a nominal voltage rating of 115 V o230 V. If the appliance has a single frequency rating, the test is to
be conducted at that frequency. An.appliance rated ac/dc or dc-60 Hz is to be tested on direct-current or
60-Hz alternafing current, whichever results in higher temperatures. An appliance rated 25 <4 60 Hz or 50 —
60 Hz is to betested on 60-Hz alternating current.

46.1.6 Therinocouplesiare to consist of wires not larger than 0.21 mm? (24 AWG) and ngt smaller than
0.05 mm? (30| AWG).\When thermocouples are used in determining temperatures in electri¢al equipment,
it is common pragtice to employ thermocouples consisting of 0.05 mm? (30 AWG) iron and cpnstantan wire
and a potentipmeter-type instrument, and such equipment is to be used whenever referee temperature
measurements by thermocouples are necessary. The thermocouples and related instruments are to be
accurate and calibrated in accordance with good laboratory practice. The thermocouples wire is to
conform with the requirements specified in the Standard Specification and Temperature-Electromotive
Force (emf) Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

46.1.7 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material the temperature of which is being measured. In most
cases, adequate thermal contact will result from securely taping or cementing the thermocouple in place
but, if a metal surface is involved, brazing or soldering the thermocouple to the metal may be necessary.

46.1.8 A temperature is considered to be constant when three successive readings taken at intervals of
10 percent of the previously elapsed duration of the test, but no less than 5 min intervals, indicate no
change.
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46.2 Maximum normal load

46.2.1 Maximum normal load is the load that approximates as closely as possible the most severe
conditions of normal use. It is not a deliberate overload except as the conditions of actual use are likely to
be somewhat more severe than the maximum load conditions that are recommended by the manufacturer
of the appliance. Test loads that have been found to be close approximations of the most severe
conditions of normal use are described in 46.3.1 — 46.11.1 for some common forms of appliances.
However, appliances having features not contemplated in these test procedures may be tested as

necessary to meet the intent of these requirements.

46.3 Reside

ntial door operators

46.3.1 Thei
pull, if provide
and closing W
required for a
operation.

46.4 Lightd

46.4.1 The i
temperature te
that results in
46.4.2. There
the time requi
of operation. ]
closing. If the
until constant
the number of

46.4.2 With
normal tempe
require the rat

46.5 Commercial or industrial door systems or operators

46.5.1 The i

temperature tgst is<to.Consist of continuous operation until temperatures are constant, with

loaded by any

uty (commercial/industrial) door operators

hput test is to be conducted with the operator exerting a 111.21-N (25-Ibf)p
1, whichever is greater. The temperature test is to consist of five complete ¢yt
ithout pause between the opening and closing operations. An interval-equ
complete opening and closing operation is to be allowed between.the succeg

hput test is to be conducted with the operator exerting its marked value
st is to consist of opening and closing operations €sing a load, such as a brak
the operator drawing an input current equal to that obtained in the input test
shall not be any pause between the opening and closing operations, but an inf
ed for a complete opening and closing operation is acceptable between sucq
[he test is to be started at room temperature and conducted for 10 cycles o
motor protector does not open, at the;option of the manufacturer the test may
temperatures are attained or until-the motor protector opens. If the motor prg

Ul or its rated
es of opening
bl to the time
sive cycles of

of pull. The
e or a weight,
br as noted in
erval equal to
essive cycles
opening and
be continued
tector opens,

completed opening and closing.éperations is to be noted. See 60.7.1, 63.5.3, and 63.5.4.

eference to 46.4.1, a door provided by the manufacturer may be used as th
rature test. The door is to’be not less than 3.66-m (12-ft) high and shall be s
bd pull of the operatorto function.

hput test\is to be conducted with the operator exerting its marked value

means, such as a brake, so as to have an input equal to that measured in the

an alternate, t

e load for the
Lich that it will

of pull. The
the operator
input test. As

he tnmpnmhlm test of a caommercial unit may he conducted with a load consid

ting of a door

provided by the manufacturer. The door is to be not less than 3.66-m (12-ft) high, and is to be such that it
will require the rated pull of the operator to cause it to function. If the operator is tested using the intended
door as a load, the assembly is to be operated at the maximum possible rate of operation, but not faster
than one complete cycle of opening and closing the door per minute. There is to be no pause between
opening and closing parts of the cycle, and operation is to continue until temperatures have become
constant.

46.6 Vehicular barrier (arm) operators

46.6.1 The input test is to be conducted with the gate arm among those provided that will afford the most
severe load. The temperature test is to consist of 1 cycle of operation — raising and lowering — per minute
until temperatures are constant. Auxiliary parking lot equipment is to be operated at the same rate.
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46.7 Drapery operators

46.7.1 The input and temperature tests are to be conducted with the operator loaded with draperies of
the maximum horizontal width that the operator will accommodate — 7.62 m (25 ft) is considered the
maximum width for a residential unit that does not include a rod and is not marked with a maximum width
and having the weight for which the operator is marked or, for a residential operator not marked with such
information, having a weight of 0.45 kg/0.30 m (1 Ib/ft) of width.

46.7.2 For a residential operator, the temperature test is to consist of 5 complete cycles of opening and
closing the draperies completely, without pause between the opening and the closing operations. An
interval equal to the time required for a complete opening and closing operation, or 1 min, whichever is

greater, shall occur between consecutive cycles.

Exception: W
cycles, and |
specified in T
the intent of tt

46.7.3 A co
continuously
opening and

Exception: W
cycles, and |
specified in T
the intent of tt

46.8 Louve

46.8.1 Thei
five complete
interval equal
successive cy
the motor is tg

46.9 Pedes

46.9.1 The
operator that

hen an overload- or overcurrent-protective device operates prior to the -conip
Yhen the temperatures at the time of opening of the protector are (not mg
bble 46.1, the termination of the test by the overload- or overcurrent-protective
e requirement.

mmercial-type operator is to be tested as described in 46:7.2. It is also t
Iintil temperatures become constant, with an interval of 10(min between succe
losing, each cycle consisting of opening and closing the draperies completely

hen an overload- or overcurrent-protective device. operates prior to the comp
Yhen the temperatures at the time of opening’ of the protector are not mg
bble 46.1, the termination of the test by the-GvVerload- or overcurrent-protective
e requirement.

[S

hput test is to be conducted using the louver as the load. The temperature test
cycles of opening and closing without pause between opening and closing
to the time required for a’complete opening and closing operation is to be all
cles of operation. Fora louver that is held open by stalling an impedance-pri
be stalled until temperatures are constant.

rian doors

nputstest is to be conducted using that door among those intended to be

letion of the 5
re than those
device meets

b be operated
5sive cycles of
without pause.

letion of the 5
re than those
device meets

is to consist of
bperations. An
bwed between
ptected motor,

used with the
with the door

impoeses the most severe load. The temperature test is to be conducted

oA ananinea oana Alacin s diaaa d-th b

adjusted for n

one complete

cycle of opening and closing per minute, without pause between the opening and closing parts of the
cycle, until temperatures are constant.

46.10 Pedestrian door operators

46.10.1

The input test is to be conducted using that door among those recommended by the

manufacturer that will impose the most severe load. The door operator is to be adjusted for maximum
opening and closing time. The temperature test is to be conducted with the operator loaded, by any
means, so as to have an input equal to that measured in the input test. The operator is then to be cycled at
the rate of 1 cycle — the time measured during input test for opening and closing — per minute until
temperatures are constant. As an alternate, the actual door used in the input test may be used as the load.
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46.11 Vehicular gate operators (or systems)

46.11.1 The input test on a vehicular gate operator is to be conducted at the marked load or the marked
force of the gate operator. The temperature test is to be conducted with the operator loaded as in the input
test. See 46.11.2.

46.11.2 During the temperature test, the operator is to be cycled without pause between opening and
closing. The interval between successive cycles is to be equal to the time required for a complete opening
and closing operation unless the total opening and closing time is less than 30 s, in which case a cycle is
to be started once every minute. Class | operators are to be subjected to ten complete cycles of operation.

Class II, lll, and IV operators are to be subjected to continuous operation until temperatures are constant.

Exception: Fo
conducted by

47 Dielectri¢

471 An app
sinusoidal pot
between live g
the maximum

a) 1000 V for an appliance employing a motor rated 373.W (1/2 horsepower) or less

less.

b) 1000 V plus twice the rated voltage for an appliance employing a motor rated at n

W (172
c) 100(

d) 500

Exception: A
where the ma

47.2 To dete

tested by means of @ 500 VA or larger capacity transformer the output voltage of which

sinusoidal ang
value is reach

r an operator with built-in minimum pause-time provisions, the temperature
Lycling the operator with minimum pause between opening and closing.

Voltage-Withstand Test
iance shall withstand for 1 min without breakdown the application of a 6(
ential between live parts and dead metal parts, between primary and secondar

arts of opposite polarity for the test specified in (c) on a capacitor. The applia
bperating temperature reached in normal use. The test\potential shall be:

horsepower) or more than 250 V.

\ for a circuit as described;in 15.4.2 — 15.4.5.

ielectric voltage-withstand test is not required for low-voltage isolated seco
imum voltage is-30'V or less.

rmine whether an appliance complies with the requirements in 47.1, the appl

cantsbe varied. The applied potential is to be increased from zero until the
pd,"and is to be held at that value for 1 min. The increase in the applied potentl

V, or 1000 V plus twice the rated voltage for an appliance described in (a) of
the termninals of a capacitor used for radio-interference elimination or arc suppression

test shall be

-Hz primarily
y circuits, and
hce is to be at

and 250 V or

hore than 373

(b), between

ndary circuits

jance is to be
is essentially
required test
bl isto be at a

rata oo _ran ac 1o o~noncict haoina—ecorr

substantially
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doors:

niforan and 1d nt It 4 2N 7Y ol taN
Rrform—fate—ana—as TapPIii—aS 19 CUTISTSTOTIT WHRA—HS—Vatde Ty u\.lllUul.ly H

Insulation Resistance Test and Dielectric Voltage-Withstand Test (Repeated)

dicated by a

After exposure to a water spray as described in 48.2, an appliance intended to be used out-of-

a) Shall have an insulation resistance between live parts and exposed dead metal parts of not less
than 50,000 ohms.

b) Shall comply with the requirement in 47.1 in a repeated dielectric voltage-withstand test, and

c) Shal

| have no water on uninsulated live parts.
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48.2 An appliance is to be subjected to a water spray on its top and sides as described below. Covers
which can be removed without use of a tool are to be removed for this test. The water spray apparatus is
to consist of three spray heads constructed in accordance with the details in Figure 48.1, mounted in a
water supply pipe rack as illustrated in Figure 48.2. The water pressure is to be maintained at 34 kPa (5
psig) at each spray head. The distance between the center nozzle and the unit is to be approximately 1.52
m (5 ft). The spray is to be directed at an angle of 45 degrees to the vertical and in the direction or
directions most likely to cause water to enter. The spray is to be applied for 1 h.
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Figure 48.1
Spray head
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Figure 48.2
Spray head pipe rack
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49 Inherent Secondary Force Activated Door Sensors
49.1 General

49.1.1 A force activated door sensor of a door system installed according to the installation instructions
shall actuate in accordance with 49.2 — 49.6 which are to be conducted in sequence on a single system
sample, except for the separate test sequences of 49.1.2.

49.1.2 The system shall actuate with the maximum and minimum specifications of the door, operator,
and hardware.

49.1.3 Tests conducted per 49 2 — 49 6 shall be performed with the force exerted by a drive adjusted to

its highest valye if the force can be adjusted by the user during use or user maintenance.

49.1.4 The test cylinder of 49.2.7 shall be a 47.6 mm (1-7/8 in) diameter cylinder placed under the door
so that the axis is perpendicular to the plane of the door. See Figure 39.1.

49.1.5 The measuring device of 49.2.1 shall:
a) Have an accuracy of +1%;
b) Have a rise and fall time not exceeding 5 ms;
c) Have the equivalence of a spring constant of 500 N/mm, £50 N/mm (2855 Ib/in £28b Ib/in);
d) Be placed on arigid, level surface; and

e) Have a rigid plate with a diameter of 80 m@ (3.1 in).

Exception: Sep 49.1.6 for test equipment alteraatives for force measurements at 305 mm (1 ft) or greater
for 49.2 and 49.4.

49.1.6 With fegards to the Exception for 49.1.5, the test device of 49.2.5 for force measur¢ments at 305
mm (1 ft) or greater shall be:

a) A spring constantimeans such as 49.1.5,

b) A gravity based weight displacing means that suspends a weight off its supporting| surface upon
exceeding 67°-N-(15 Ibf) such as the example shown in Figure 49.1 — Figure 49.3 if thg equipment of
49.1.5 |s applied before 49.3 and after 49.4 at the 305 mm (1 ft) height of 49.2.6, or

¢) The equivalent of (a) or (b).
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Figure 49.1

Example test apparatus for measurements at 305 mm (12 in) or greater
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Figure 49.2

Example test apparatus for measurements at 305 mm (12 in) or greater
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Figure 49.3

Example test apparatus for measurements at 305 mm (12 in) or greater

Steel Wire \

Inner Diameter 18 mm
X=1:2

] 130 mm

Inngr Diameter 18 mm
Y=1:2

su0386
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49.1.7 The cycles of 49.4 are not required to be consecutive. Continuous operation of the motor without

cooling is not r

equired.

49.2 Closing force test

49.2.1

the following forces at the locations noted in 49.2.2:

The door shall stop and reverse within 2 s after contacting the obstruction. The door shall apply

a) 400 N (90 Ibf) or less average during the first 0.75 s after 67 N (15 Ibf) is exceeded from initial

impact,

and

b) 67 N (15 Ibf) or less from 0.75 s after 67 N (15 Ibf) is exceeded from initial impact until the door

reversq

49.2.2 The tegst of 49.2.1 shall be conducted at the following test height and locations_ alor]

the door:
a) The
b) With

¢) With

49.2.3 The maximum force of 49.2.1 shall be tested by the door applying a force against th

edge of the teq
49.2.4 The ¢
49.25 Thed

load of 67 N (
49.2.6.

49.2.6 The tgst of 49.2.5 shall be conducted at the following points along the edge of the dg

a) At th

b) With
and 5 fi

c) With
3ft,an

.

center point, at a height of 50.8 mm (2 in) from the floor;
in 305 mm (1 ft) of the end of the door, at a height of 50.8 mim*(2 in) from the flg

n 305 mm (1 ft) of the other end of the door, at a height©f 50.8 mm (2 in) from

t cylinder of 49.1.4.
quipment used to measure force of 49.2:1 shall be in accordance with 49.1.5.

oor shall stop and reverse within 2°s after contacting the obstruction. The doo
15 Ibf) or less in the closing diréction along the path of door travel at the locq

e center at heights of 305 mm, 914 mm and 1.52 m (1 ft, 3 ft, and 5 ft) from the

in 305 mm (1.ft) of the end of the door, at heights of 305 mm, 914 mm and 1.5
) from thé{loor; and

n 305.mm (1 ft) of the other end of the door at heights of 305 mm, 914 mm an
45 ft) from the floor.

g the edge of

or; and

the floor.

e longitudinal

- shall apply a
tions noted in

or:
floor;

2m (11 3,

4 1.52m (1ft,

49.2.7 The maximum force of 49.2.5 shall be tested by the door applying a force against the longitudinal
edge of the test cylinder of 49.1.4.

49.2.8 The equipment used to measure forces of 49.2.1 shall be in accordance with 49.1.5 or 49.1.6.

49.3 Opening force test

49.31 Thed

oor shall stop within 2 s after a weight of 20 kg (44 Ib) is applied to the door.

49.3.2 The test of 49.3.1 shall be conducted with the door starting from the fully closed position and at

heights of app

roximately 305 mm, 914 mm and 1.52 m (1 ft, 3 ft, and 5 ft) from the floor.
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49.3.3 Test weight(s) shall be applied to sections of the door that are vertical in the initial stopped
position for each test height prior to operator activation.

49.4 Fifty cycle test

49.4.1 With the door(s) at the test point(s) determined by the tests of 49.2 and 49.3 to be most severe
with respect to both reversal time and force, the door system shall function as intended after 50 cycles of
operation. After the last cycle, the system shall complete one additional cycle of opening the door to its

fully open condition and closing the door to its fully closed position.

49.4.2 The tests of 49.2 and 49.3 shall be repeated upon completion of cycling.

49.5 Adjusthent of door weight test

49.5.1 Atth
door in 2.3 kg

b added to the
.8 kg (15.0 Ib)

b point determined by the test in 49.2.5 to be the most severe, weight is to b
(5.0 Ib) increments and the tests of 49.2 and 49.3 repeated until-a'total of §

has been add
the profile. Si
repeated by

ed to the door. Before performing each test cycle, the door is to bé cycled 2 i
milarly, starting from normal weight plus 6.8 kg (15.0 Ib), the tests of 49.2 and
subtracting weight in 2.3 kg (5.0 Ib) increments until a tétal“of 6.8 kg (15.0

mes to update
49.3 are to be
Ib) has been

subtracted frdm the door.

49.6 Obstryction test
49.6.1 For

protection de
door downwg
performed as
the purpose o

i door traveling in the downward direction,” when an inherent secondary entrapment
ice senses an obstruction and initiates a‘feversal, any control activation shall not move the
rd until the operator reverses the doer a minimum of 50.8 mm (2 in). Th¢ test is to be
described in Exception No. 2 of 33.2/2:3. The system may be initially manually re-profiled for
f this test.
50 Metallic{Coating-Thickness Test

50.1 The m
thickness test

bthod of determining, the thickness of zinc and cadmium coatings by the m
is described in 50-2=50.9.

ptallic-coating-

50.2 The sqjution to be_used for the test is to be made from distilled water and is to con
reagent grad¢ chromic¢acid (CrO3) and 50 g/L of reagent grade concentrated sulfuric acid
latter is equivglent to(27 mL/L of reagent grade concentrated sulfuric acid, specific gravity 1
96 percent of H,SOy:

ain 200 g/L of
(H,SO,). The
84, containing

50.3 The test solufion is o be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube having an inside bore of 0.63 mm (0.025 in) and a length of
140 mm (5.5 in). The lower end of the capillary tube is to be tapered to form a tip, the drops from which are
to be about 0.05 mL (0.0017 oz) each. To preserve an effectively constant level, a small glass tube is to be
inserted in the top of the funnel through a rubber stopper and its position is to be adjusted so that, when
the stopcock is open, the rate of dropping is 100 £5 drops per min. If desired, an additional stopcock may
be used in place of the glass tube to control the rate of dropping.

50.4 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room, which is to be noted and recorded. The test is to be conducted at a room
temperature of 70.0 — 90.0°F (21.1 — 32.0°C).

50.5 Each sample is to be thoroughly cleaned before testing. All grease, lacquer, paint, and other
nonmetallic coatings are to be removed completely by means of solvents. Samples are then to be
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thoroughly rinsed in water and dried with clean cheesecloth. Care is to be exercised to avoid contact of the
cleaned surface with the hands or any foreign material.

50.6 The sample to be tested is to be supported from 17.7 to 25.4 mm (0.7 to 1.0 in) below the orifice, so
that the drops of solution strike the point to be tested and run off quickly. The surface to be tested is to be
inclined approximately 45 degrees from horizontal.

50.7 After cleaning, the sample to be tested is to be put in place under the orifice. The stopcock is to be
opened and the time in seconds is to be measured with a stop watch until the dropping solution dissolves
the protective metal coating, exposing the base metal. The end point is the first appearance of the base
metal recognizable by a change in color at the point.

50.8 Each sgmple of a test lot is to be subjected to the test at three or more points;. ¢xcluding cut,
stenciled, and|threaded surfaces, on the inside surface and at an equal number of points“@n the outside
surface, at plgces where the metal coating may be expected to be thinnest. On efclosurgs made from
precoated shgets, the external corners that are subjected to the greatest deformation are |likely to have
thin coatings.

50.9 To calcllate the thickness of the coating being tested, select from Table 50.1 the th|ckness factor
appropriate for the temperature at which the test was conducted and_multiply by the tine in seconds
required to expose base metal as noted in 50.7.

Table 50.1
Coating thicknessfactors
Temperature, Thickness factors, 0.0003 mm (0.00001 in) per second
°C (°F) Cadmium platings Zinc glatings
21. (70) 1.331 0.p80
21y (71) 1.340 0.p90
22.p 72) 1.352 1.p00
22. (73) 1.362 1.p10
233 (74) 1.372 1.p15
23.9 (75) 1.383 1.p25
244 (76) 1.395 1.p33
25. (77) 1.405 1.p42
25.6 (78) 1.416 1.p50
26. (79) 1.427 1.p60
26.7 (80) 1.438 1.070
27.2 (81) 1.450 1.080
27.8 (82) 1.460 1.085
28.3 (83) 1.470 1.095
28.9 (84) 1.480 1.100
294 (85) 1.490 1.110
30.0 (86) 1.501 1.120
30.6 (87) 1.513 1.130
31.1 (88) 1.524 1.141
31.7 (89) 1.534 1.150
322 (90) 1.546 1.160
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51 Accelerated Aging Test of Gaskets

51.1

Rubber compounds forming gaskets that are depended upon for protection from rain shall have

physical properties as specified in Table 51.1, before and after conditioning for 168 h in an air-circulating
oven at 70°C (158°F).

Table 51.1
Physical properties of gasket-accelerated aging test

Before accelerated aging

After accelerated aging

Recovery— Max
stretched to 127
release

Elongation — Mi
gauge marks af]

Tensile Strength

imum set when 50.8-mm (2-in) gauge marks are

T (5N, held for Z min, and measured Z min aiter

12.7 mm (1/2in)

himum increase in distance between 50.8-mm (2-in) | 250 percent [60.8 — 178 mm | 65.percent
break (2to 7 in)]
— Minimum force at breaking point 5.9 MPa (850 psi) 75 percent

bf original

pf original

52 Tests on

52.1 A swit

subjected to @an overload test consisting of 50 cycles of operatioh,“making and breaking th

current of the
pitting or burn|

Exception NQ.

acceptable fo

Exception No
locked-rotor n

52.2 Inate
overload test

frequency and maximum rated\voltage — 46.1.5 — with the rotor of the motor locked in posit

test, exposed
and the conn
ungrounded (
direct current
connected so

Switches and Controls

h or other device that controls a motor of an appliahce, shall perform ac

appliance. There shall be no electrical or mechanical breakdown of the dey
ng of the contacts, and the fuse in the grounding’connection shall not open.

1: This test does not apply to a switch that has been investigated an
- the application.

2: This test does not apply tesa switch so interlocked that it will never hay
notor current.

5t to determine whether or not the switch or other control device performs ac
mentioned in 52.1s.the appliance is to be connected to a grounded supply

dead metal parts of the appliance are to be connected to ground through a
ection is tovbe such that any single-pole, current-rupturing device will be
onducter\of the supply circuit. If the appliance is intended for use on direct
as well-as alternating current, the exposed dead metal parts of the applia
as.to,be positive with respect to a single-pole, current-rupturing control device

ceptably when
e locked-rotor
ice nor undue

i found to be

e to break the

ceptably in the
Circuit of rated
on. During the
3-A plug fuse,
located in the
current, or on
nce are to be
The device is

to be operate

at’a rate of not more than 10 cycles per min, except that a faster rate of op

pration may be

employed if agreeable to those concerned.

52.3 A switch or other device that controls a solenoid, a relay coil, or the like shall perform acceptably
when subjected to an overload test consisting of 50 cycles of operation as described in 52.4. There shall
be no electrical or mechanical malfunction of the device, nor undue burning or pitting of the contacts, and
the fuse in the grounding connection shall not open.

Exception: This requirement does not apply to a switch or other device that has been investigated and
found to be acceptable for the application.

52.4 In a test to determine if a switch or other control device complies with the requirement in 52.3, the
appliance is to be connected to a supply circuit of rated frequency and 110 percent of maximum rated
voltage. The load on the device under test is to be the same as that which it is intended to control in normal
service. During the test, exposed dead metal parts of the appliance are to be connected to ground through
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a 3-A plug fuse. The device is to be operated at a rate of not more than 10 cycles per min, except that a
faster rate of operation may be employed if agreeable to those concerned.

52.5 A mechanical switch or a relay used in an entrapment protection circuit of an operator shall
withstand 100,000 cycles of operation controlling a load no less severe (voltage, current, power factor,
inrush, and similar ratings) than it controls in the operator, and shall function normally upon completion of
the test.

52.6 In addition to complying with 52.5, in the event malfunction of a switch or a relay (open or short)
described in 52.5 results in loss of any entrapment protection required by 32.1.1, 33.2.2.1, 33.2.2.7,
33.2.2.8, or 33.3.1, the door or gate operator shall become inoperative at the end of the opening or closing
operation;or for a door operator only, the door operator shall move the door to, and stay within, 305 mm (1

ft) of the uppefmost position.

52.7 An eleqg
10,000 cycles
as intended uf

53 Strain-R¢lief Test

53.1 When {
withstand for
supply cord cd
strain relief is
the supply cor

53.2 A159
the strain-relie

54

541 In acco
overload heati

542 The m
measured at

determination
with all circuitg
circuits or all c

Interconnection Cable Overload Heating Test

tromechanical interlock employed as described in 34.1(d) and 341 (e) s
of operation, controlling a load not less than that controlled in the product, and
on completion of the test.

bsted in accordance with 53.2, the strain-relief means. provided on the flexi
| min, without displacement a direct pull of 155.69 N (35 Ibf) applied to the
nductors severed immediately adjacent to the terminals or splices within the 3
not acceptable if, at the point of disconnection”ef'the conductors, there is such
I conductors as to indicate that stress wouldhave been applied to the connect

Kg (35 Ib) weight is to be suspendeddrom the cord and supported by the app
f means will be stressed from any angle that the construction of the appliance

rdance with the Exception of 15.1.3, the interconnection cable shall be su
hg tests described.in$4.2 — 54.7 and shall not ignite the cheesecloth of 54.3.

ximum output .current, including short circuit, of each output of the ope
he point of ‘Supply to the interconnection cable. A variable resistor may be
For multiple circuits contained within an interconnection cable, the test sha
interconnected. The loading conditions of 54.5 — 54.7 shall be conducted on
rcuits’interconnected, whichever produces the highest maximum current

hall withstand
shall function

ble cord shall
cord with the
ppliance. The
movement of
ons.

liance so that
permits.

bjected to the

ator shall be
used for this
| be repeated
the individual

54.3 With insulation removed, the bare conductors shall be draped with cheesecloth consisting of
bleached cotton cloth, running 26 — 28 m?/kg (14 — 15 yd?/Ib) having a trade as a count of 32 by 28.

54.4 One sample of the maximum intended length of interconnection cable shall be operated under the
conditions of Table 54.1 as described in 54.5 — 54.7. The sample shall be connected to a source of supply
equal to the maximum output voltage of the operator as measured at one minute. The sample shall be
loaded using a resistive load. Combination power and data cables shall load all conductors to maximum
current for this test.
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Table 54.1
Loading Conditions

Condition Interconnection Cable Load
A Maximum current of the operator output, including short circuit
(For conditions B — H) rated current plus indicated percent of difference between condition A and rated current:

B 75

Cc 50

D 25

E 20

F 15

G 10

H 5
54.5 For th¢ loading conditions, a variable resistor is to be connected acress the logd side of the
interconnectign cable.

54.6 The te
shall be resta

54.7 If Cond
hours of cont
until 7 hours d

55 Punctur

55.1 After b
that is a funct

a) Not
senso

b) Ma
contad

55.2 Fora
manner on a
89 N (20 Ibf)

5t shall be conducted continuously for a minimum 7 hourscor-ultimate results
'ted after each cycle to achieve continuous operation.

ition A results in permanent shutdown of the operator or opening of a condy
nuous operation, the test is repeated on using-the loading of Condition B —
f continuous operation is achieved.

b Resistance Test

eing subjected to the test described in 55.2 or 55.3 as applicable, an elasto
onal part of an edge sensor shalk:

be damaged in a manperthat would adversely affect the intended operatig
,and

ntain enclosure_integrity if it serves to reduce the likelihood of contaminatig
ts.

ertically-mioving door or gate, a sample of the edge sensor is to be installed i
fepresentative door or gate edge. The probe described in Figure 55.1 is to be
0 dny, point on the sensor that is 76 mm (3 in) or less above the floor when t

closed. For e

The operator

ctor priorto 7
H in sequence

meric material

n of the edge

n of electrical

h the intended
applied with a
he door is fully

chtype of door. the force is to be applied in the direction specified in Figure

39.1 or Figure

39.3 as applicable. The test is to be repeated on three locations on each surface of the sensor being

tested.

55.3 For horizontally sliding doors or gates, and horizontal swing gates and swing doors, sample of the
edge sensor is to be installed in the intended manner on a representative door or gate edge. The probe
described in Figure 55.1 is to be applied with a 89 N (20 Ibf) to any point on the sensor when the door is
within 76 mm (3 in) of its fully open position and within 76 mm (3 in) of any stationary wall. For each type of
door, the force is to be applied in the direction specified in Figure 39.2 or Figure 39.4 as applicable. The
test is to be repeated on three locations on each surface of the sensor being tested.
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254 +£1.3 mm
(1.0£0.05in)

Figure 55.1
Puncture probe
3.17£0.13 mm

(0.125 + 0.005 in)
RADIUS

0.698

L

/

y

B 90° + 2° 1.015 £ 0.125 mm
(0.040  0.005 in) N

STEEL

+0.191 mm

(0.0275 + 0.0075 in)
RADIUS

su1386

55.4 The teg
maintained at
resistance tes

t is to be repeated on an additional sample cooled to a temperature of 0.0°C
this temperature for 3 h. While the sample is still cold, it is to be subjected td
s described in 55.1 and §£5.2 or 55.3 as applicable.

56 Permanence of Marking Tests

56.1 A mark
or etched met
secured by a
usage, handlir

ng that is required to be permanent shall be molded, die-stamped, paint-stend
pl that is permanently secured, or indelibly stamped lettering on a pressure-s
jhesive\that, upon investigation, is found to be acceptable for the applica
g,.storage, and the like of a product are considered in the determination of thg

of a marking.

(32.0°F) and
the puncture

iled, stamped
ensitive label
ion. Ordinary
e permanence

56.2 Unless rated for the application, a pressure-sensitive label or a label that is secured by cement or
adhesive and that is required to be permanent shall comply with the applicable requirements in the
Standard for Marking and Labeling Systems, referenced in Annex A, Ref. No. 32. The label shall be
evaluated for exposure to:

a) High humidity,

b) Occasional exposure to water, and

¢) Minimum temperature of minus 40°C (minus 40°F).

A label used on a product or device anticipated to be exposed to the weather shall be evaluated for

outdoor use.
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57 Dead Load Test

57.1 A horizontal track assembly as described in 34.1(h) shall not deflect more than 1/240th of the
vertical distance from the top of the track to the ground when measured before and after the door has
been in the horizontal position for at least 24 h. The distance is to be measured from the point on the track
corresponding to the center of the door when in the horizontal position. Twist, deflection, or deformation of
the track shall not interfere with the operation of the door. The installation instructions shall specify the
locations where the horizontal track is to be supported in accordance with 60.9.1.

MANUFACTURING AND PRODUCTION TESTS

58 Dielectric Voltage-Withstand Test

58.1 Each dppliance shall withstand without electrical breakdown, as a routine productiop-line test, the
application off a potential at a frequency within the range of 40 — 70 Hz, betweén the primary wiring,
including conpected components, and accessible dead metal parts that are likely-to_become|energized.

58.2 The production-line test shall be in accordance with either Condition Aor Condition B [of Table 58.1.

Table 58.1
Production-line test conditions
Condition A Condition B
Appligince rating Potential, V Time, s Potential, V Time, s
250 V or less with a motor rated 373 1000 60 1200 1
W (1/2 horsepoyer) or less
More than 250 Y with a motor rated 1000+2V? 60 1200+2.4V? 1
more than 373 \V (1/2 horsepower)
@ Rated voltage

58.3 The appliance may be in a heated or unheated condition for the test.

58.4 The tept shall be condueted when the appliance is complete — fully assembled | and with the
primary switgh in the onyposition. It is not intended that the appliance be unwired| modified, or
disassembled for the test.

Exception No| 1: Avpart, such as a snap cover or a friction-fit knob, that would interfere with gonducting the
test need not pe in'place.

Exception No. 2: The test may be conducted before final assembly if the test represents that for the
completed appliance.

Exception No. 3: The primary switch need not be in the on position if the testing means applies full test
potential between primary wiring and dead metal parts with the switch not in the on position.

58.5 For an appliance employing a solid-state component that can be damaged by the dielectric
potential, the test required by 58.1 may be conducted before the component is electrically connected.
However, a random sampling of each day's production is to be tested at the potential specified in Table
58.1, but the circuitry may be rearranged for the purpose of this test to minimize the likelihood of solid-
state-component damage while retaining representative dielectric stress of the circuit.

58.6 The test equipment shall include a transformer having an essentially sinusoidal adequate output.
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58.7

If the output of the test equipment transformer is less than 500 VA, the equipment shall include a

voltmeter in the output circuit to directly indicate the test potential, and an audible or visual indication of
breakdown. In the event of breakdown, manual reset of an external switch is required or an automatic
reject of the unit under test is to result.

58.8 When the output of the test equipment transformer is 500 VA or larger, the test potential shall be
indicated by one of the following:

a)Avo
b) A se

c)Am

Itmeter in the primary circuit or in a tertiary winding circuit,
lector switch marked to indicate the test potential, or

arking in a readily visible location to indicate the test potential of equipment h

aving a single

test po

When marking
as a power-on

58.9 Test eq
intended facto

58.10 During
appliance are

ential output.

is used without an indicating voltmeter, the equipment shall include .a pesitive
lamp to indicate that the manually reset switch has been reset follewing a tripd

uipment other than that described in 58.6 — 58.8 may be used’if found to a
ry control.

the test, the primary switch is to be in the on positiofi, both sides of the primar
to be connected together and to one terminal of the test equipment, and thg

equipment terminal is to be connected to the accessible dead. metal.

Exception: An
excessive sec
single-pole pri|
to the test equ

appliance — resistive, high-impedance winding, and the like — having circuitry
bndary-voltage build-up in case of electrical breakdown during the test may be
mary switch, if used, in the off positioly or with only one side of the primary cirg
joment when the primary switch is.in'the on position, or when a primary switch

59 Grounding Continuity Test

59.1 Each a
routine produd
the attachmen

59.2 Onlya

bpliance that has a power-supply cord having a grounding conductor shall b

t plug and an accessible dead metal part of the appliance that is likely to becon

bingle test.need be conducted if the accessible metal selected is conductively

design to all ofher accessible metal.

59.3 Anyind

means, such
ut.

ccomplish the

y circuit of the
second test-

not subject to

tested with a
uit connected
s not used.

b tested, as a

tion-line test, to determine that grounding continuity exists between the grounding blade of

he energized.

connected by

cating device, such as an ohmmeter, a battery-and-buzzer combination, or th

b like, may be

used to determine compliance with the requirement in 59.1.

INSTRUCTION MANUAL

60 Details

60.1 General

60.1.1 In Canada, there are two official languages. Therefore, it is necessary to have CAUTION,
WARNING, and DANGER instructions and markings in both English and French. Annex B lists acceptable
French translations of the CAUTION, WARNING, and DANGER instructions and markings specified in this
Standard. When a product is not intended for use in Canada, instructions and markings may be provided
in English only.
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60.1.2
units only.

In the United States, it is acceptable to have instruction and marking measurements in English

60.1.3 An appliance shall be provided with an instruction manual. The instruction manual shall give
instructions for the installation, operation, and user maintenance of the appliance.

60.1.4 The installation instructions shall specify the need for a grounding-type receptacle for connection
to the supply and shall stress the importance of proper grounding.

60.1.5 The installation instructions shall inform the installer that permanent wiring is to be employed as
required by local codes, and instructions for conversion to permanent wiring shall be supplied.

Exception: Fg
not apply.

60.1.6 For ¢quipment having a 2-blade polarized attachment plug, the followirAg instry

equivalent, sk
(one blade is

fit fully in the gutlet, reverse the plug. If it still does not fit, contact a qualified-electrician to ins

outlet. Do not

60.1.7 For
equivalent, sh
plug, that has

r a product constructed in accordance with the Exception to 13.4.1(c), this req

all be provided: "To reduce the risk of electric shock, this equipment has a
wider than the other). This plug will fit in a polarized outlet only~one way. If the

change the plug in any way."
bquipment having a grounding-type attachment'\plug, the following instru

all be provided: "To reduce the risk of electric shock, this equipment has a g
a third (grounding) pin. This plug will only fit into"a grounding type outlet. If the

uirement does

ctions, or the
polarized plug
plug does not
stall the proper

ctions, or the
rounding type
plug does not

fit into the ouflet, contact a qualified electrician to installthe proper outlet. Do not change the plug in any

way.

60.1.8

a) Thg
againg

b) Th
entrap
wiring

Inforfnation shall be supplied with a gaté-operator for:

required installation and adjustment of all devices and systems to effect
t entrapment (where included with the operator) as specified in Table 32.1, ang

a)

b intended connections for all devices and systems to effect the prot
ment as specifiedinvTable 32.1. The information shall be supplied in the instr
diagrams, separate instructions, or the equivalent.

c) Th
entra

60.1.9 Where.a minimum letter height is specified, the height of the largest letter shap

recommended placement location of external entrapment protection dey
ent zane, if using Type B1 or B2 devices.

the protection

bction against
iction manual,

ices for each

Il be used to

determine letter height, unless stated otherwise. Numbers and all other Iefters shall be proportional.

60.1.10 For an exterior shutter and awning operator the following instruction or the equivalent must be
provided: "To reduce the risk of electric shock the operator power is to be provided from a weatherproof
outlet in the case of attachment plug connection or weatherproof junction box in the case of permanent
wiring per 314.15 of the National Electrical Code, NFPA 70 and the Canadian Electrical Code, Part I."

60.1.11 For an operator or system provided with an external entrapment protection device requiring a
non-rechargeable battery, instructions shall be provided with the operator and/or the device for:

a) The rating, size, number, and type of battery(s) to be used, and

b) The proper insertion, polarity, orientation, and replacement of the battery(s).
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60.1.12 For an operator or system provided with an external entrapment protection device or system
utilizing wireless control, instructions shall be provided with the operator and/or the device for:

a) The proper method of configuring and initializing the wireless communication link between

device

and operator,

b) The proper orientation, antenna positioning, and mounting location with regard to maintaining
communication link between device and operator,

c) The

maximum range at which the wireless device will operate, and

d) The proper location of the device where the transmission of the signals are not obstructed or
impeded by building structures, natural landscaping or similar obstruction.

60.1.13 Wh¢g
complete detg
13.3,13.4, 13

n provided with a detachable supply cord per 13.1.5, the operator instructions
ils concerning proper selection of the power supply cord replacement that
5, or 13.7 as applicable.

60.1.14 The
only media fq
instructions ar

printed material:

a)Allo
b) Ped

c) Resi
of 60.3

installation, operation, and maintenance instructions may be\provided in el
rmat only, such as CD-ROM, USB flash drive, or company website, if
e additionally provided with the operator in an instruction(sheet, manual, boo

perators, instructions of 60.1.4 —60.1.13, as applicable;

pstrian doors and door operators, instructions>of 60.2;

dential garage doors and door operators, adjustment instructions of 60.3.1, ar
2-60.3.7, and 60.4 — 60.5;

d) Com
e) Ligh

) Vehig

60.1.15 The
to obtain a prir

60.1.16 All p
read-only med

mercial/industrial door operators.(or systems), instructions of 60.6;

duty (commercial/industrial)-door operators, instructions of 60.6 — 60.7; or

ular gate operators (or systems), instructions of 60.8.

printed instruction material referenced in 60.1.14 shall contain detailed instry
ted copy of.the‘material contained in electronic format.

rinted ‘instruction material referenced in 60.1.14 shall be also be provided in
ia format.

shall contain
complies with

Bctronic read-
the following
let, or similar

d instructions

ctions of how

the electronic

60.1.17 For an operator, system, or external device requiring field installed wiring between a Class 2
output of an operator and an external device, unless the wiring is provided as part of the operator or
external device, the instructions shall specify the type of wiring to be used in accordance with 15.4.8.

60.2 Pedestrian doors and door operators

60.2.1

A pedestrian door operator that is to be sold without the door shall be provided with instructions in

the instruction manual specifying the method of wiring required so that the device operates in accordance
with 30.4.1 and 30.4.3.

60.2.2

If a pedestrian door is provided with means for connecting a switch other than a conventional mat

switch, proximity indicator, or the like, or the use of such a switch is mentioned in the installation
instructions, the instruction manual shall specify that the switch is to be installed in a location from which
operation of the door can be observed by the person operating the switch.
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60.2.3 The instruction manual for a pedestrian door that does not have its glass sections installed at the
factory shall specify that the glazing material employed is to comply with the requirement in 30.5.1.

60.2.4 The installation instructions provided with a residential or commercial pedestrian door operator
that is intended for connection to the source of supply by a flexible cord shall:

a) Inform the installer of the appropriate location of the receptacle for the power-supply cord; and

b) Indi

cate how the cord is to be routed and that the cord should not be:
1) Routed through doorways, window openings, walls, ceilings, floors, or the |

2) Attached or otherwise secured to the building structure; or

ike;

60.2.5 Both
commercial p|
cord shall inc

entrapped in moving parts of the operator, door, or system.

60.3 Residgntial garage doors and door operators

60.3.1 Instru

operation of the safety means included shall be provided with'each door operator.

60.3.2 A re
instructions fa
needed, adjug

60.3.3 The
required text
no less than
Headings s
INSTRUCTIO
severe injury

60.3.4 The
equally defini
The items ma

3) Concealed behind walls and the like.

the installation instructions and the operating manual providedywith a
edestrian door operator that is intended for connection to the sourcé of supp
ude a statement that warns against the risks associated with, allowing the c

ctions that clearly detail installation and adjustment procedures required tg

sidential garage door or door operator”shall be provided with complete
r the correct adjustment of the contraPmechanism and the need for periodic ¢
tment of the control mechanism so-as to maintain satisfactory operation of the

nstruction manual shall include the important instructions specified in 60.4.1

residential or
y by a flexible
brd to become

effect proper

and specific
hecking and, if
door.

and 60.5.1. All

bhall be legible and contrast'with the background. Upper case letters of require
P.0-mm (5/64-in) high and Lower case letters shall be no less than 1.6-mm
ich as "IMPORTANT INSTALLATION INSTRUCTIONS", "IMPORTA
NS", "SAVE THESE INSTRUCTIONS" and the words "WARNING — To red
br death to persons:" shall be in letters no less than 4.8-mm (3/16-in) high.

nstructions listed in 60.4.1 and 60.5.1 shall be in the exact words specified
ive terminology to those specified. No substitutes shall be used for the worg

Other importantand precautionary items considered appropriate by the manufacturer may hi

d text shall be
(1/16-in) high.
NT SAFETY
ice the risk of

or shall be in
"WARNING".
5t respectively.

y besnumbered. The first and last items specified in 60.5.1 shall be first and la

e inserted.

60.3.5 The instructions listed in 60.4.1 shall be located immediately prior to the installation instructions.
The instructions listed in 60.5.1 shall be located immediately prior to user operation and maintenance
instructions. In each case, the instructions shall be separate in format from other detailed instructions
related to installation, operation and maintenance of the appliance. All instructions, except installation

instructions, s

60.3.6
shall specify:

a) The

hall be a permanent part of the manual(s).

operator by manufacturer and model,

Instructions of a combination sectional overhead garage door operator system described in 4.3

b) The door(s) by manufacturer(s), model(s), and maximum and minimum door width and height
required for compliance to 33.1.1 and 33.1.3, and
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c) Hardware required for compliance to 33.1.1 and 33.1.3.

60.3.7 Installation and maintenance instructions of a combination sectional overhead garage door
operator system described in 4.3 shall indicate how to properly counter-balance the door.

60.4 Installation instructions for residential garage door operators and systems
60.4.1 The installation instructions shall include the following or equivalent text:

IMPORTANT INSTALLATION INSTRUCTIONS

WARNING — To reduce the risk of severe injury or death:

1. READ AND FOLLOW ALL INSTALLATION INSTRUCTIONS.

2. Instgll only on a properly operating and balanced garage door. An improperly balamced door has
the potential to inflict severe injury. Have a qualified service person make repairs to gables, spring
assemblies, and other hardware before installing the opener.

3. Remove all pull ropes and remove, or make inoperative, all locks connected to th¢ garage door
before jnstalling the operator.

4. Where possible, install the door operator 2.14 m (7 ft) of more above the floor.| For products
having|an emergency release, mount the emergency release within reach, but at leagt 1.83 m (6 ft)
above the floor and avoiding contact with vehicles to avoid accidental release.

5. Do not connect the door operator to source of power until instructed to do so.

6. Locate the control button: (a) within sight-of the door, (b) at a minimum height of 1.53 m (5 ft)
above floors, landings, steps or any other, adjacent walking surface so small children @re not able to
reach if, and (c) away from all moving parts of the door.

7. Install the Entrapment Warning-Label next to the control button in a prominent Iqcation. Install
the Emergency Release Marking. Attach the marking on or next to the emergency rel¢ase.

8. Aftef installing the opener, the door must reverse when it contacts a 38-mm (1-1/2-inch) high
object {or a 2 by 4 board’laid flat) on the floor.

9. For [products_having a manual release, instruct the end user on the operation ¢f the manual
releasq.

Exception: Fol herizontally sliding doors. Item 2 shall be replaced with “Have a qualified service person
make repairs and hardware adjustments before installing the opener”.

60.4.2 In accordance with the Exception of 33.5.1.1, the installation instructions of 60.4.1 of a residential
garage door operator intended for use with both sectional and one-piece door that has an unattended
operation close feature shall comply with 60.4.1 and include:

10. “WARNING: To reduce the risk of injury to persons — Only enable [+ ] feature when installed
with a sectional door.”, where + is the unattended operation function.

Exception: For operators that automatically sense one piece door operation, this warning is not required.

60.4.3 For residential garage door operators constructed in accordance with 13.4.2 which do not have
provision for permanent supply connection, the installation instructions shall include the following or
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equivalent text: "This operator not equipped for permanent wiring. Contact licensed electrician to install a

suitable recep

tacle if one is not available."

60.5 User instructions for residential garage door operators and systems

60.5.1

The user instructions shall include the following or equivalent text:

IMPORTANT SAFETY INSTRUCTIONS

WARNING - To reduce the risk of severe injury or death:

1. READ AND FOLLOW ALL INSTRUCTIONS.

2. Ne
childrg

3. Alw
closed

4.NE

5. Tes
high o
travel,
injury
6. For|
when

spring
death.

7. KEE

door increases the risk of severe.injury or death. Have a qualified service person nj

cables

8. For
shall K
door ¢

9. SAV

er let children operate or play with door controls. Keep the remote eont
n.

ays keep the moving door in sight and away from people and ohjects until i
. NO ONE SHOULD CROSS THE PATH OF THE MOVING DOOR;

ER GO UNDER A STOPPED, PARTIALLY OPEN DOOR.

door opener monthly. The garage door MUST reversé©n contact with a 38-n
bject (or a 2 by 4 board laid flat) on the floor. Afteryadjusting either the force
retest the door opener. Failure to adjust the opener properly increases the
br death.

products having an emergency release;'when possible, use the emergenc
he door is closed. Use caution when using this release with the door open. W
5 are capable of increasing the rate @fdoor closure and increasing the risk of s

P GARAGE DOORS PRORERLY BALANCED. See user's manual. An impro

, spring assemblies, and other hardware.

operator systems equipped with an unattended operation feature, the folloy
e included: "This operator system is equipped with an unattended operatio
buld move unexpectedly. NO ONE SHOULD CROSS THE PATH OF THE MO

E THESE INSTRUCTIONS.

ol away from

is completely

m (1-1/2-inch)
or the limit of
risk of severe

y release only
eak or broken
evere injury or

perly balanced
ake repairs to

ing statement
h feature. The
ING DOOR."

Exception No

1. For horizontally moving doors, Item 4 shall be replaced with “NEVER GO

THROUGH A

STOPPED, PARTIALLY OPEN DOOR”.

Exception No.

2: For horizontally moving doors, Item 6 is not required.

Exception No. 3: For horizontally moving doors, Item 7 shall be replaced with “Have a qualified service

person make
60.6 Comm

60.6.1

repairs and hardware adjustments before installing the opener’.

ercial/industrial door operators (or systems)

An operator shall be provided with specific instructions describing any necessary adjustment of

the control mechanism required for satisfactory operation of the operator. The instructions shall also
indicate the need for periodic checking of any control mechanism.
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60.6.2 The installation instructions for commercial/industrial door operators shall include information on
the types and sizes of doors for which the operator is intended including the type of entrapment protection
suitable for each size and type of door for which the operator is intended.

60.6.3 An operator shall be provided with instructions in the instruction manual specifying the methods of
installation, adjustment, and wiring of external controls or devices serving as required protection against

entrapment. The following instructions or the equivalent shall also be supplied where applicable:

a) Install the operator only when all openings of a horizontal slide door are guarded or screened
from the bottom of the door to a minimum of 1.22 m (4 ft) above the ground to prevent a 57.2 mm
(2-1/4 in) diameter sphere from passing through the openings anywhere in the door.

c) For ¢

d) For

60.6.4 The i
instructions sp
Uppercase let
be no less

INSTRUCTIO
the words "WA
than 4.8 mm (

60.6.5 The i
equally definit
specified in 60
appropriate by

Exception: TH

pperators utilizing a non-contact sensor in accordance with 31.2.1:

1) Instructions on the placement of non-contact sensors for each typeof applic
provided.

bperators utilizing a contact sensor in accordance with 31.2. 1

1) One or more contact sensors shall be located where therisk of entrapment
exists, such as at the leading edge or trailing edge of a)horizontal slide door.

2) One or more contact sensors shall be located at the bottom edge of a ver
door.

nstruction manual for a commercial/industrial door operator shall include

ers of required text shall be no less than 2.0 mm (5/64 in) high and lowercag
than 1.6 mm (1/16 in) high. Headings such as "IMPORTANT IN
NS", "IMPORTANT SAFETY-INSTRUCTIONS", "SAVE THESE INSTRUCTIQ
RNING — To reduce therrisk of severe injury or death to persons:" shall be in
8/16 in) high.

nstructions listed'in’ 60.6.7 and 60.6.8 shall be in the exact words specified
ve terminology*to those specified. The items may be numbered. The first g
.6.8 shall befirst and last respectively. Other important and precautionary iten
the manufacturer may be inserted.

ation shall be

or obstruction

tically moving

the important

ecified in 60.6.7 — 60.6.8. All requiredtext shall be legible and contrast with the background.

e letters shall
STALLATION
NS," etc. and
etters no less

or shall be in
nd last items
hs considered

exact words

e_instruction required in 60.6.7 item (8), when applicable, shall not be in

nnnnnn daohall ha ranlan sy

specified, and

o vardina-doqppbhina thic oan. tHon
mrotCat—orTan-ovCTCPIatC U oy WOy GCOoCIToImyg o OpPCTatUr:

60.6.6 The instructions listed in 60.6.7 shall be located immediately prior to the installation instructions.
The instructions listed in 60.6.8 shall be located immediately prior to the user operation and maintenance
instructions. In each case, the instructions shall be separate in format from other detailed instructions
related to installation, operation and maintenance of the appliance. All instructions, except installation
instructions, shall be a permanent part of the manual(s).

60.6.7 The Installation Instructions shall include the following or equivalent text:

IMPORTANT INSTALLATION INSTRUCTIONS
WARNING - To reduce the risk of severe injury or death:

1) READ AND FOLLOW ALL INSTALLATION INSTRUCTIONS.
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60.6.8

2) Install only on a properly operating and balanced door. A door that is operating improperly could
cause severe injury. Have qualified service personnel make repairs to cables, spring assemblies,
and other hardware before installing the operator.

3) Remove all pull ropes and remove, or make inoperative, all locks (unless mechanically and/or
electrically interlocked to the power unit) connected to the door before installing the operator.

4) A commercial/industrial door operator that has exposed moving parts capable of causing injury
to persons or employs a motor deemed indirectly accessible by 10.6 by virtue of its location above
the floor shall include:

a) Install the door operator at least 2.44 m (8 ft) or more above the floor; or

b) If the operator must be installed less than 2.44 m (8 ft) above the flogr,|then exposed
moving parts must be protected by covers or guarding, provided )by| the operator
manufacturer; or

c) Both (a) and (b).
5) Do not connect the door operator to the source of power until instructed to do so.

6) Locate the control station: (a) within sight of the door, and(b)-at a minimum height of 1.53 m (5
ft) abqve floors, landings, steps, or any other adjacent walking surface and (c) jaway from all
moving parts of the door.

7) Instgll the Entrapment Warning Placard next to thégontrol station in a prominent Idcation.

8) For products having a manual release, instruct the end user on the operation jof the manual
releaseg.

The Wser Instructions shall include thefollowing instructions or their equivalent, as gpplicable:

IMPORTANT SAFETY INSTRUCTIONS
WARNING — To reduce therisk of severe injury or death:
1) READ AND FOLLOW-ALL INSTRUCTIONS

2) Neyer let children operate or play with door controls. Keep the remote control (where provided)
away from children.

3) Perponnel should keep away from a door in motion and keep the moving door in|sight until it is
completely closed or opened. NO ONE SHOULD CROSS THE PATH OF A MOVING/DOOR.

4) Test the door's safety features at least once a month. After adjusting either the force or the limit
of travel, retest the door operator's safety features. Failure to adjust the operator properly may
cause severe injury or death.

5) For products having a manual release, if possible, use the manual release only when the door is
closed. Use caution when using this release when the door is open. Weak or broken springs may
cause the door to fall rapidly, causing severe injury or death.

6) KEEP DOORS PROPERLY OPERATING AND BALANCED. See Door Manufacturer’s User's
Manual. An improperly operating or balanced door could cause severe injury or death. Have
trained door systems technician make repairs to cables, spring assemblies, and other hardware.

7) SAVE THESE INSTRUCTIONS.
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60.7 Light duty (commercial/industrial) door operators

60.7.1 In addition to complying with the requirements in Commercial/Industrial Door Operators (or
Systems), Section 60.6, a light-duty commercial door operator shall be provided with instructions at the
beginning of the instruction manual, specifying that the unit is intended for light duty (limited duty, restricted
duty, and the like, but not intermittent duty). If the motor protector opens during the Temperature Test,
Section 46, the instructions shall include a statement that the rate of operation shall not exceed ___ cycles
of opening and closing per hour. The value inserted in the blank space shall not exceed 50 percent of the
number of complete opening and closing cycles noted during the test. See 46.4.1.

60.8 Vehicular gate operators (or systems)

60.8.1 A vehicular gate operator shall be provided with the information in the instruction manual that
defines the different vehicular gate operator Class categories and give examples of!edch usage. The
manual shall glso indicate the use for which the particular unit is intended as defined in“Glogsary, Section
4. The installation instructions for vehicular gate operators shall include informationyon the [Types of gate
for which the date operator is intended.

60.8.2 A gatp operator shall be provided with the specific instructions, describing all use
required for prpper operation of the gate. Detailed instructions shall be ptovided regarding us
of any clutch jor pressure relief adjustments provided. The instruetions shall also indicate
periodic checKing and adjustment by a qualified technician of the’gontrol mechanism for forg
sensitivity.

60.8.3 Instrugtions for the installation and connection<of external controls and device
required proteftion against entrapment shall be provided-with the operator when such contro
with the operator. When shipped separately fromhe operator, external entrapment protsg
shall be provided with instructions for installation~adjustment, and wiring.

60.8.4 Instrugtions regarding intended installation of the gate operator shall be supplied

installation ins
supplied wher

tructions or as a separaté.document. The following instructions or the equivi
b applicable:

I adjustments
er adjustment
the need for
e, speed, and

s serving as
s are shipped
ction devices

as part of the
alent shall be

a) Install the gate operatoronly when:

1) The operator is appropriate for the construction of the gate and the usagg¢ Class of the
gate,

bottom of the
n (2-1/4 inch)
, and in that

2) Allzopenings of a horizontal slide gate are guarded or screened from the
gatevto a minimum of 1.83 m (6 ft) above the ground to prevent a 57.2 mr

iSbaatar onbhara fonmn oo ainay theay o a-—ananinae—amarmbero—in tha ~aotd
CTaTTiCtCT SPTICTC 1T O pasSSityg ™ OOy thiC- OpPChmgS—artywiicro— i a1 ygat

portion of the adjacent fence that the gate covers in the open position,

3) All areas of the moving vertical pivot gate panel from the bottom of the gate to the top of
the gate or a minimum of 1.83 m (72 in) above grade, whichever is less, that pass by a fixed
stationary object, and in the area of the adjacent fence that the gate covers during the travel
of the gate, shall be designed, guarded or screened to prevent a 57 mm (2-1/4 in) diameter
sphere from passing through such areas.

4) All exposed pinch points are eliminated or guarded, and
5) Guarding is supplied for exposed rollers.

6) The operator instructions shall list the maximum number of open and close entrapment
protection devices capable of being connected to the operator.
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b) The operator is intended for installation only on gates used for vehicles. Pedestrians must be
supplied with a separate access opening. The pedestrian access opening shall be designed to
promote pedestrian usage. Locate the gate such that persons will not come in contact with the

vehicu

lar gate during the entire path of travel of the vehicular gate.

c) The gate must be installed in a location so that enough clearance is supplied between the gate
and adjacent structures when opening and closing to reduce the risk of entrapment. Swinging
gates shall not open into public access areas.

d) The gate must be properly installed and work freely in both directions prior to the installation of
the gate operator. Do not over-tighten the operator clutch or pressure relief valve to compensate for

animp

roperly installed, improperly functioning, or damaged gate.

e) For

f) Perr
away
aroun

Excep
EMS)

g) The
reset g

h) A m
istob
62.1.1

i) For
32.1.1

a gate operator utilizing Type D entrapment protection in accordance with 32.1

lr

1) The gate operator controls must be placed so that the user has fullview o
when the gate is moving,

2) The placard as required by 62.1.6 shall be placed adjacent.to the controls,

3) An automatic closing device (such as a timer, loop sensor, or similar devig
employed, and

4) No other activation device shall be connected.

nanently mounted controls intended for user activation must be located at lea

or through the gate to operate the controls.

fion: Emergency access controls only’accessible by authorized personnel (e
may be placed at any location in the line-of-sight of the gate.

Stop and/or Reset button must be located in the line-of-sight of the gate. A
ontrol shall not cause thé gperator to start.

inimum of two (2) WARNING SIGNS shall be installed, in the area of the gate
b visible by persons)located on the side of the gate on which the placard is inst

a gate opeérator utilizing Type B1, non-contact entrapment protection in ag

.1:

the gate area

e) shall not be

5t 1.83 m (6 ft)

om any moving part of the gate and where the user is prevented from reaching over, under,

g. fire, police,

ctivation of the

Each placard
blled. Also see

cordance with

1) See instructions on the placement of non-contact sensors for each Type of

application,

2) Care shall be exercised to reduce the risk of nuisance tripping, such as when a vehicle,

trips the sensor while the gate is still moving, and

3) One or more non-contact sensors shall be located where the risk of entrapment or
obstruction exists, such as the perimeter reachable by a moving gate or barrier.

j) For a gate operator utilizing Type B2, contact entrapment protection in accordance with 32.1.1:

1) One or more contact sensors shall be located where the risk of entrapment or obstruction
exists, such as at the leading edge, trailing edge, and post mounted both inside and outside

of a vehicular horizontal slide gate.

2) One or more contact sensors shall be located at the bottom edge of a ve
lift gate.

hicular vertical
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3) One or more contact sensors shall be located at the pinch point of a vehicular vertical
pivot gate.

4) A hardwired contact sensor shall be located and its wiring arranged so that the
communication between the sensor and the gate operator is not subjected to mechanical
damage.

5) A wireless device such as one that transmits radio frequency (RF) signals to the gate
operator for entrapment protection functions shall be located where the transmission of the
signals are not obstructed or impeded by building structures, natural landscaping or similar
obstruction. A wireless device shall function under the intended end-use conditions.

6) One or more contact sensors shall be located on the inside and outside leading edge of a

60.8.5 Instru
instructions or

swing gate. Additionally, if the bottom edge of a swing gate is greater than1(
but less than 406 mm (16 in) above the ground at any point in its arc of traye
contact sensors shall be located on the bottom edge.

7) For a vertical barrier (arm) operator utilizing Type B2 contact.entrapmen
accordance with 32.1.1, one or more contact sensors shall be.Jocated at the b
a vertical barrier (arm).

8) One or more contact sensors shall be located where the risk of entrapment
exists on a bifold gate, such as:

i) At the inner and outer leading edge,

ii) Between the outer column paneliahd the inner bifold panel of an
gate,

iii) Between the outer/column-panel and any obstruction within 406mn1
gate panel when it is in the)fully open position,

iv) At hinge points dépending on the construction of the gate,

v) On the bottom edge(s),if the bottom edge(s) of a bifold gate is/arg
152 mm (4.9n) but less than 406 mm (16 in) above the ground at any
of travel-

ction regarding intended operation of the gate operator shall be provided as p
as a separate document. The following instructions or the equivalent shall be g

IMPORTANT SAFETY INSTRUCTIONS

1.6 mm (4 in)
, one or more

protection in
pttom edge of

or obstruction

bpening bifold

(16 in) of the

greater than
boint in its arc

art of the user
rovided:

WARNING - To reduce the risk of severe injury or death:

1. READ AND FOLLOW ALL INSTRUCTIONS.

2. Never let children operate or play with gate controls. Keep the remote control away from
children.

3. Always keep people and objects away from the gate. NO ONE SHOULD CROSS THE
PATH OF THE MOVING GATE.

4. Test the gate operator monthly. The gate MUST reverse on contact with a rigid object or
stop when an object activates the non-contact sensors. After adjusting the force or the limit
of travel, retest the gate operator. Failure to adjust and retest the gate operator properly can
increase the risk of severe injury or death.
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60.8.6 The

5. Use the manual release only when the gate is not moving.

6. KEEP GATES PROPERLY MAINTAINED. Read the user's manual. Have a qualified
service person make repairs to gate hardware.

7. The entrance is for vehicles only. Pedestrians must use separate entrance.

8. SAVE THESE INSTRUCTIONS.

installation manual provided with the operator shall identify any external entrapment

protection devices required by 32.1.1 and Table 32.1. See also 63.3.5.

60.8.7 Instry

ctione nrovidedwith an anaratar shall enacificeach-external antranment nrote
GHORSPFEVHEE8 G WHH—EH-0 PO FatB-SHa-SP O GHY-8a6H-ExteHar-SitapHeht+prote

ction device or

external entra
device(s) sha
device model
have been tes

. The external
ufacturer, and
be those that
dard.

pment protection device accessory that is suitable for use with the operato
| be specified by type of device (e.g.: photo sensor, edge sensor), devicezmar
number or model family. The device(s) specified in the instructions shall only
ted and found to be acceptable with the operator during evaluationto-this stan

60.9 Combination rigid one-piece overhead residential garage door.and’operator system

60.9.1 The
garage door
shall be madg

60.10 Drap¢ry Operators

60.10.1 Ac
supply cord
equivalent.

ad residential
orizontal track

nstallation instructions provided with a combination<rigid one-piece overhe
and operator system shall specify the locations where' attachments to the h
for the purpose of supporting the track.

brd-connected drapery operator shall -inelude: "Do not use an extension cor
s too short, have a qualified electrician install an outlet near the drapery

i. If the power
operator.", or

61 FieldIn

61.1 Aresi
as specified |

manual shall $pecify where thejlabels are to be located.

61.2
means shall
61.3 Aresi

If labels secured\by adhesive are used, the instructions shall specify that an addition]

talled Labels

hd constructed
'he instruction

ntial garage door operator shall be provided with labels for field installation a
61.3 — 61.10. The labels shall be acceptable for permanent installation. T

al mechanical
e used.to’secure the labels to surfaces to which the adhesive will not adhere.

ntial garage door operator shall be provided with a cautionary label intended|for permanent

installation to

identify the possible risk of entrapment.The instruction manual shall direct that the label be

affixed near the wall-mounted control button.

61.4 The label required in accordance with 61.3 shall be in a vertical layout with three panels:

a) A signal word panel,

b) A pi

c)Am

Adjacent pan

ctorial panel, and

essage panel.

els shall be delineated from each other by a bold black line. The entire label shall be

surrounded by a black border and shall not be less than 127-mm (5-in) wide by 159-mm (6-1/4-in) long

overall.
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61.5 The signal word panel as specified in 61.4 shall contain the word "WARNING," in upper case letters,
preceded by a safety alert symbol consisting of an orange exclamation mark on a black solid equilateral
triangle background with the point of the triangle oriented upward. The word "WARNING " and the safety
alert symbol shall be centered on one line and shall be in black letters at least 11.1-mm (7/16-in) high on
an orange background.

61.6 The pictorial panel as specified in 61.4 shall be positioned between the signal word panel and the
message panel. The pictorial shall be black on a white background and shall clearly depict a child running
toward or under a garage door. A red prohibition symbol (slash, oriented from the upper left to the lower
right, through a circle) shall be superimposed over, and totally surround, the pictorial. The pictorial shall
have an overall diameter of 47.6 mm (1-7/8 in) minimum.

61.7 The mdssage panel specified in 61.4 shall include the following statements and instfuctions or an
equivalent wording:

a) PO$SIBLE RISK AND CONSEQUENCE STATEMENT- "There is a risk of a clild becoming
trapped under an automatic garage door resulting in severe injury or death./"

b) AVQIDANCE STATEMENTS:
1) "Do not let children walk or run under a closing door,”
2) "Do not let children operate door operator contrals:*

3) "Always keep a closing door within sight."

4) "In the event a person is trapped under the door, push the control buttpn or use the
emergency release."

Exception: For products not having an emergency release, the instructions (shall omit "or
use the emergency release.”

5) For products equipped:with an unattended operation feature, the insIuctions shall
include the following:."This operator system is equipped with an unattenged operation
feature. The door could move unexpectedly.”

¢) INSTRUCTIONS:

1) "Test Boor Operator Monthly: Use a 38-mm (1-1/2-inch) high object (or a|2 by 4 board
laid flat) on the floor under the closing door. In the event the door does not|reverse upon
contact, adjust, repair, or replace the operator."

2\ N Additiconal ncte tH 0 t ropmaon i A o e iy Ao tha labal o tln th | b I
L, I‘\UUILIUIIUI IIIOLIU\JLIUIIO T IIUL IUIIIUVIIIH T PCAIII\.IIIS UVeT Uie 1aved, 1riouut g e a e
adjacent to the wall control, and mounting the wall control out of children's reach shall be
supplied. These additional instructions shall be in less prominent lettering than the lettering
for item 1.

61.8 In accordance with the Exception of 33.5.1.1, the instructions of a residential garage door operator
intended for use with both sectional doors and either one-piece or swinging doors and are provided with
an unattended operation feature shall comply with 61.7 and include the following under the avoidance
statements of 61.7(b):

5) “Only enable [+ ] feature when installed with a sectional door.”, or equivalent, where + is the
unattended operation closing function.

Exception: For operators that automatically sense one piece door operation, this warning is not required.
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61.9 The lettering of the message panel described in 61.7 shall be black on a white background and
shall be in sans serif letters in combinations of upper case and lower case letters. The upper case letters
of the Possible Risk and Consequence Statements and Avoidance Statements shall be 3.2-mm (1/8-in)
high minimum. The lettering of the Possible Risk and Consequence Statement shall be in italics,
underlined, bold, or the like, and shall be double spaced from the Avoidance Statements so that it is more
prominent than the Avoidance Statements. All other instructions shall be in letters less prominent than the
Possible Risk and Consequence Statements and shall be separated with at least a single space between
individual instructions.

61.10 A residential garage door operator shall be supplied with a cautionary marking attached to, or
adjacent at all times to, the means supplied to detach the operator from the garage door. The marking
shall include the following statement or the equivalent: "In the event the door becomes obstructed, detach
door from opdrator as follows: { T he method 1o detach the operator shall be shown on the marking)."

Exception: Fdr a product complying with the Exception to 33.4.1, a cautionary marking'is no{ required.

61.11 Both the operator and the door that comprise a combination sectional’overhead garage door
operator system described in 4.3 shall be provided with permanent labels. The labels shgll contain the
following statement or the equivalent: “WARNING: THIS OPERATOR AND DOOR FUNCTION AS A
SYSTEM. IF EITHER THE DOOR OR THE HARDWARE MUST BE REPLACED, THE REPLACEMENT
DOOR OR HARDWARE MUST BE IDENTICAL TO THE ORIGINAK EQUIPMENT WITH RESPECT TO
MANUFACTURER AND MODEL TO MAINTAIN THE SAFETY,/OF/ THE SYSTEM. SEE INSTRUCTION
MANUAL.” The marking shall be visible to the user after installation without the need tp remove any
covers.

61.12 A labgl of 61.13 when intended to be affixed during installation shall:
a) Be provided with the operator or door assembly, and

b) Ha\e installation instructions of how-and where to install the label so that it is visiple to the user
after installation.

61.13 The gperator of a combination sectional overhead garage door operator system described in 4.3
shall be provided with a permaneént marking that contains the following statement or the equivalent: "NO
USER SERVICEABLE PARTS INSIDE."

62 Field Indtalled Placards

62.1 Vehicylar.gate operators (systems)

62.1.1 A gate operator shall be supplied with a minimum of two placards as described in 62.1.2 — 62.1.5
for field installation. The instruction manual shall specify that the placards are to be installed in the area of
the gate. Each placard is to be visible by persons located on the side of the gate on which the placard is
installed. The placards shall be made of substantially rigid material, such as vulcanized fiber,
thermoplastic, or the equivalent, to provide mechanical strength and durability. See Permanence of
Marking Tests, Section 56, for applicable requirements for placards for outdoor use.

62.1.2 A placard required by 62.1.1 shall comply with the standard practices for safety information as
prescribed in the Standard for Product Safety Signs and Labels, ANSI Z535.4. There shall be three distinct
panels.

a) A signal word panel,

b) A pictorial panel, and
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c) A message panel.

Adjacent panels shall be delineated from each other by a bold black line. The entire placard shall be
surrounded by a black border and measure at least 216-mm (8-1/2-in) wide by 280-mm (11-in) long
overall.

62.1.3 The signal word panel specified in 62.1.2 shall contain the word "WARNING" in upper case
letters, preceded by a safety alert symbol consisting of an orange exclamation mark a black solid
equilateral triangle background with the point of the triangle oriented upward. The word "WARNING" and
the safety alert symbol shall be centered on one line and shall be in letters at least 25.4-mm (1-in) high on
an orange background.

62.1.4 The pictorial panel specified in 62.1.2 shall be positioned between the signal word
message pangl. The pictorial shall be black on a white background. More than one pictorial

panel and the
s acceptable.

The pictorial

all depict a person entrapped between the gate and an immovable object, s

by the movement of the gate or an equivalent depiction. The direction of the gate move

indicated by a

62.1.5 The

inflictin
of eaclt
mm (1

b) Avo
be upp
upperc
the upq

a)APrZ[

h arrow. The pictorial panel shall have a minimum height of 102 mm (4 in).

essage panel specified in 62.1.2 shall include:

h serious injury or death. The letters shall be bold upper and lower case with
word in uppercase. The letter height of the uppercase letters shall not be Ig

P-in) high, and

dance Statements, in a combination of (%);.(2), and (3), or (1), (2), and (4). Th

ercase and lowercase with the first letter of the first word in a sentence uppe

pse for a single word or phrase for €mphasis complies with this requirement.
ercase letters shall not be less than'6.4-mm (1/4-in) high indicating that:

2) Do not let children opérate the gate or play in the gate area.

and obstructions.

4) This entrance is for vehicles only. Pedestrians must use separate entrance.

62.1.6 A gafe operator having provision for a Type D entrapment protection device as

Lch as a wall,
ment shall be

ssible Risk and Consequence Statement indicating that a moving gate has the potential of

the first letter
ss than 12.7-

e letters shall
rcase. Use of
The height of

1) Persons are to keep clear!The gate is able to be moved without prior warning.

3) Persons are to operate the gate only when the gate area is in sight and {ree of people

described in

32.1.22 and 3

P:1.23 shall additionally be provided with a placard that is marked in letters af]

least 6.4-mm

(1/4-in) high with the word "WARNING™ and the following statement or the equivalent: "Moving Gate Has
the Potential of Inflicting Injury or Death — Do Not Start Gate Unless Path is Clear."

62.2 Commercial/lndustrial door operator (or system)

62.2.1

A door or door operator as described in 31.1.1 shall be provided with a placard as shown in Figure

62.1 (vertically moving door), Figure 62.2 (horizontally moving door), or Figure 62.3 (vertically and
horizontally moving door), as applicable for the door type(s) for which the operator is intended. The word
"WARNING" shall be marked in letters at least 6.4 mm (1/4 in) high. The placard shall be made of
substantially rigid material such as vulcanized fiber, or the equivalent, to provide mechanical strength, and
provided with at least two holes for wall mounting.
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Figure 62.1

Field installed placard for a vertically moving commercial/industrial door operator (or system)

AWARNING
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oving Door Can Cause
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Keep Clear! Door May Move at any Time

Do Not Let Children Operate the Door or Play
in the Door Area

Keep Door in Sight at all Times When Door is Moving

S5460
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Figure 62.2

Field installed placard for a horizontally moving commercial/industrial door operator (or system)
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Keep Door in Sight at all Times When Door is Moving
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Figure 62.3

Field installed placard for a vertically and horizontally moving commercial/industrial door operator
(or system)
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MARKING

63 Details

63.1 General

63.1.1 In Canada, there are two official languages. Therefore, it is necessary to have CAUTION,

WARNING, and DANGER instructions and markings in both English and French. Annex B lists acceptable
French translations of the CAUTION, WARNING, and DANGER instructions and markings specified in this
Standard. When a product is not intended for use in Canada, instructions and markings may be provided
in English only.

63.1.2 In thg United States, it is acceptable to have instruction and marking measureme
units only.
63.1.3 Unlegs specifically indicated otherwise, markings required in 63.1.4 — 634.8'and els

standard shall

63.1.4 An af
after installatid

a) The
respon

b) The

c) The
include
unless
use on

d) The
The da

Exception No.
the appliance

Exception No.
otherwise acc

be permanent in accordance with Permanence of Marking Tests, Section 56.

pliance shall be plainly marked, at a location where the marking shall be re
n, in the case of a permanently connected appliance —with:

manufacturer's name, trademark, or other descriptive marking by which the
sible for the product is identified — hereinafter referred to as the manufacturer's)

catalog number or the equivalent;

voltage, frequency, and input in amperes, VA, or watts. The ampere or VA 1
d unless the full-load power factor is'\80 percent or more, or, for a cord-connec
the rating is 50 W or less. The number of phases shall be indicated when an a
a polyphase circuit; and

date or other dating pefiod of manufacture not exceeding any three conseg
te code repetition cycle shall not be less than 20 years.

1: The manufacturer's identification is not restricted from being in a traceab
s identified by.the brand or trademark owned by a private labeler.

2: The date of manufacture is not restricted from being abbreviated or in an
bpted-code.

nts in English

ewhere in this

adily visible —

organization
name;

ating shall be
ed appliance,
ppliance is for

utive months.

le code when

pstablished or

Exception No. 3 The input in amperes or walts may be shown as part of the motor nameplate, if the
appliance employs a single motor, the nameplate is readily visible after the appliance has been installed,
and the appliance complies with 45.1.

Exception No. 4: For tubular drives for use with drapery, shutters, awnings, blinds, and window coverings,
the markings may be located on the tubular drive which may not be visible after installation, when in
accordance with 63.3.12.

63.1.5 If a manufacturer produces or assembles appliances at more than one factory, each finished
appliance shall have a distinctive marking, which may be in code, to identify it as the product of a particular
factory.

63.1.6 A heating element rated more than 1 A and intended to be replaceable in the field shall be marked
with its rating in volts and amperes, or in volts and watts, or with the manufacturer's part number or other
means of identification.
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63.1.7 An alternating-current rating shall include the frequency expressed in one of the following terms:
hertz, Hz, cycles per second, cps, or cycles/second.

63.1.8 A 2-wire, 220 — 240 V appliance intended for connection to a circuit operating at 150 V or less to
ground shall be marked with the word "WARNING" and the following or its equivalent: "To Reduce The
Risk of Electric Shock — Do not connect to a circuit operating at more than 150 volts to ground."

63.1.9 A 3-wire, 3-phase, 220 — 240 V appliance intended for connection to branch-circuit conductors
operating at 150 V or less to ground shall be marked with the word "WARNING" and the following or its
equivalent: "To Reduce the Risk of Electric Shock — Do not connect to a circuit operating at more than 150
volts to ground." The marking shall identify the leads or terminals that are to be supplied by circuit
conductors of 150 volts or less to ground.

63.1.10 Ap
motor with or

ermanently connected appliance employing a single motor with other loads|or more than one

without other loads shall be marked with one of the following:

a) The
unless
device

tective device
rent-protective

minimum circuit ampacity and maximum current rating of the oyercurrent-prg
both the minimum circuit ampacity and the maximum rating_of ‘the overcur
are 15 A or less; or

b) The
and ei

rating of the largest motor in volts and amperes, and’the rating of any otheff loads in volts

her amperes or watts.

Exception: TH
nonmotor loa

63.1.11
marked: "For

63.1.12 An appliance having field-wiring terminals shall be marked:

a)"Us

b) "Us
wire.

c) "Us
Condd

d) "Us

Unlgss investigated for outdoor use or obviously intended for indoor use, an app

e marking need not include the ampere value-0f'a motor rated 93.2 W (1/8 h
) 1 A or less, unless either constitutes the principal load.

ndoor use only."

e Copper Conductors Only}"if the terminal is acceptable only for connection to

e Aluminum Condugtors Only" if the terminal is acceptable only for connectio

b Copper of:Aluminum Conductors” or "Use Copper, Copper-Clad Aluminum
ctors" if-the terminal is acceptable only for connection to either copper or alum

e Copper-Clad Aluminum, or Copper Conductors" if the terminal is accef

conne

p) or less or a

iance shall be

Copper wire.

n to aluminum

, or Aluminum
num wire.

table only for

Ction to either copper or copper-clad aluminum wire.

Exception: The requirement does not apply to field-wiring terminals located in low voltage circuits.

63.1.13 An appliance intended for permanent connection to a wiring system other than rigid metal
conduit or armored cable shall be marked to indicate the system or systems for which it is acceptable. The
marking shall be located so that it will be visible when power-supply connections to the appliance are
being made.

63.1.14 An appliance other than a commercial or industrial appliance that can be adapted for either of
two different supply voltages, shall be provided with a wiring diagram indicating the proper method of
power-supply connection for each supply voltage.
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63.1.15 The input in amperes or watts may be shown as part of the motor nameplate, if the appliance
employs a single motor, this nameplate is readily visible after the appliance has been installed, and the
appliance complies with 45.1.

63.1.16 If an appliance employs a dual-voltage motor and if the motor nameplate is employed to give the
electrical rating of the appliance as indicated in 63.1.15, the appliance shall be additionally marked to
indicate the particular voltage for which it is connected when shipped from the factory. If the appliance
employs an attachment plug, instructions shall be provided to indicate the type of plug that should be used
if the appliance is reconnected for the alternate voltage.

63.1.17 If the design of an appliance contemplates cleaning or servicing — such as the replacement of
pilot lamps or fuses — by the user, and if such cleaning or servicing would involve the exposure of a

normally enclq
indicate that s

63.1.18 Wh¢g
used to dete
proportional.

sed or protected live part to unintentional contact, the appliance shall be plai
Lich servicing or cleaning be done with the appliance disconnected from thé|su

re a minimum letter height is specified for a marking, the height of the largest
rmine compliance, unless stated otherwise. Numbers and all“other let

63.2 Compdnents

63.2.1 Each

field shall be nparked with its electrical rating in amperes or watts; and also in volts.

63.2.2 Lamp
wattage rating
rating the lamy

63.2.3 A po
current rating.

63.2.4 Arec
receiver, shall

63.2.5 Apre
identified by b
Figure 63.1, a

holders for lamps intended to be replaced by the user shall be marked with
of the lamp to be used unless they have been tested with a lamp of the Ia
holder can accommodate.

ver receptacle intended for use-by the serviceman shall be marked with §

pptacle provided on a door operator for connection of a radio receiver, other t
be marked with theswords "For use with Model radio receiver" or the

Esure wire connector intended for connection of an equipment-grounding cond
ping marked\"G," "GR," "GND," "Ground," "Grounding," the grounding symbg
similar marking; or by a marking on the wiring diagram supplied on the applian

nly marked to
bply circuit.

letter shall be
ers shall be

individual heating element or unit that is part of an appliance and that is replaceable in the

the maximum
rgest wattage

voltage and

han a Class 2
equivalent.

uctor shall be
| illustrated in
ce.
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Figure 63.1

Grounding symbol

63.2.6 If any
which the pov
attains a tem
shall be mar
equivalent sta
shall be loca

point within a terminal box or wiring compartment of &/permanently connects
ver-supply conductors are intended to be connected,\including such conducto
berature rise of more than 35°C (63°F) during.the'normal temperature test,
ked "For supply connections use wires rated)for at least _ °C (___ °H
tement; and the temperature value shall berin accordance with Table 63.1. T
d at or near the point where the supply<eonnections are to be made, and s

d appliance in
's themselves,
the appliance
F)" or with an
his statement
hall be clearly

visible both dyiring and after installation of the appliance.

Table 63.1
OQutlet box marking

Temperature{rise attained during test in terminal box or

compartment Temperature marking
°( (°F) °C °F)
36 {50 (64 —90) 75 (167)
5165 (91-117) 90 (194)
63.2.7 Withreference to 13.6.2.21, terminals or leads connected to a Class 2 power sourc¢ and intended

for connectio [lass 2 Supply
_____volts" or the equivalent. The marking shall be located at or near the point where the connections are
to be made, and shall be clearly visible during installation and inspection of the connections. A single
marking for multiple terminals or leads, all connected to a Class 2 power source and intended for
connection of a Class 2 circuit to an external device, complies with this requirement.

63.2.8 If an interchangeable fuse (a fuse is interchangeable if any fuse of higher ampere rating will fit the
fuseholder) is used to limit secondary-circuit power in accordance with 15.4.5, there shall be a legible and
durable marking indicating the ampere rating of the fuse to be used for replacement and located so that it
is obvious to which fuse and fuseholder it applies. In addition, the following prominent marking shall be
provided (a single marking is acceptable for a group of fuses) "WARNING — For continued protection
against fire, replace only with the same type and rating of fuse."
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63.3 Specific appliances

63.3.1

The carton and the instruction manual for an operator shall be marked with the word "WARNING"

and the following or the equivalent: "To reduce the risk of injury to persons — Use this operator only with (a)

_____door(s)."

63.3.2

In accordance with the exception of 33.5.1.1, a residential garage door operator intended for use

with both sectional and one-piece or swinging door that has an unattended operation close feature
indicating the function in the carton markings shall include the following carton marking:

“WARNING: To reduce the risk of injury to persons — Only enable [+ ] feature when installed with

section

al door.”, where + is the unattended operation closing function.

Exception: Fo

63.3.3 Forp
word "WARNI
limits of travel

by 4 board laig flat) on the floor." This marking shall be located where visible/to the user whg

adjustments.

63.3.4 For re
provision for p

text: "This opgrator not equipped for permanent wiring. Contact licensed electrician to ins

receptacle if o

63.3.5 For 4
instructions, p

a) The

b) The
intendg

63.3.6 An a
accessory, su
accessory intg
by manufactu
accessories in

operators that automatically sense one piece door operation, this warning is-}

oducts with user adjustments, a residential garage door operator, shall be m
NG" and the following or equivalent: "Risk of entrapment. After adjusting eith
adjustments, confirm that the door reverses on a 38-mm (1-1/2<inch) high obsf

sidential garage door operators constructed in actordance with 13.4.2 whic
ermanent supply connection, the operator shalkbe ‘'marked with the following

ne is not available." This marking is to be placed adjacent to the power cord en

separately supplied accessory, inclgding an external entrapment protectio
hckaging, or marking on the product\shall indicate:

Aaccessory manufacturer's name ‘and model number; and

type of appliance or appliances (such as a residential garage door operator) V
d to be used.

Ch as an extérnal entrapment protection device or system, shall be marked
nded to he.connected to the terminals or connectors. The accessory identifig
er's name ‘and catalog or model number or other means to allow for the id
tendéd for use with the appliance.

!

ot required.

rked with the
r the force or
ruction (ora 2
N making the

h do not have
or equivalent
tall a suitable

ry.

n device, the

vith which it is

bpliance provided-with terminals or connectors for connection of a separately supplied

[o identify the
ation shall be
entification of

63.3.7 With

reference to 63.3.9, Instructions for Installing a separately supplied acces

sory shall be

provided. A statement shall be included in the instructions warning the user that the appliance must be
disconnected from the source of supply before attempting the installation of the accessory.

63.3.8 A pedestrian door operator that is to be marketed without the door shall be permanently marked
to indicate whether the operator is intended for residential or commercial use or industrial use. The
marking shall include the wording "Pedestrian door operator for residential or commercial (or industrial)
use."

63.3.9 A commercial drapery operator shall be marked to indicate the maximum weight of draperies with
which it is intended to be used, either in total pounds or in pounds per foot of drapery width.
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