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Commitment for Amendments

This standard is issued jointly by the Association of Standardization and Certification (ANCE), the
Canadian Standards Association (operating as “CSA Group”), and ULSE Inc. (ULSE). Comments or
proposals for revisions on any part of the standard may be submitted to ANCE, CSA Group, or ULSE at
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development procedures of ANCE, CSA Group, and ULSE. CSA Group and ULSE will issue revisions
to this standard by means of a new edition or revised or additional pages bearing their date of issue.
ANCE will incorporate the same revisions into a new edition of the standard bearing the same date of
issue as the CSA Group and ULSE pages.

Copyright © 2018 ANCE

Rights reserved|in favor of ANCE

ISBN 978-1-77139-993-7 © 2016 Canadian Standards Association
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toll-free 1-800-463-6727 or 416-747-4044.
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Preface

This is the harmonized ANCE, CSA Group, and ULSE standard for Ground-Fault Circuit-Interrupters. It is
the third edition of NMX-J-520-ANCE, the second edition of CSA C22.2 No. 144.1, and the fifth edition of
UL 943. This harmonized standard has been jointly revised on September 5, 2023. For this purpose, CSA
Group and ULSE are issuing revision pages dated September 5, 2023, and ANCE is issuing a new edition
dated September 5, 2023.

This harmonized Standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and ULSE. The efforts and support of the CANENA Technical Harmonization Subcommittee
23E, Ground-Fault Circuit-Interrupters, are gratefully acknowledged.

This standard is considered suitable for use for conformity assessment within the stated scope of the
standard.

The present Mexican standard was developed by the CT 23 Accesorios Electricos from the Comite de
Normalizaciof de la Asociacion de Normalizacion y Certificacion, A.C., CONANCE, with the¢ collaboration
of the ground [fault circuit interrupters manufacturers and users.

This Standard was reviewed by the CSA Subcommittee on Ground-Fault Circuit-Interrupters, under the
jurisdiction of the CSA Technical Committee on Industrial Products and the CSA Strafegic Steering

Committee on Requirements for Electrical Safety, and has beendormally approved by the CSA Technical
Committee.

Application ¢f Standard

Where reference is made to a specific number.of samples to be tested, the specified number is to be
considered a minimum quantity.

Note: Although the intended primary application“of.this standard is stated in its scope, it is important to note that it remains the
responsibility of the users of the standard to judge.its suitability for their particular purpose.

Level of harmonization

This Standard uses the IEC format but is not based on, nor shall it be considered equivalent to, an IEC
Standard.

This Standarq is.published as an identical Standard for ANCE, CSA Group, and ULSE.

An identical Standard is a Standard that is exactly the same in technical content except for national
differences resulting from conflicts in codes and governmental regulations. Presentation is word for word
except for editorial changes.

Reasons for differences from IEC

This Standard provides requirements for ground-fault circuit-interrupters for use in accordance with the
electrical installation codes of Canada, Mexico, and the United States. At present there is no IEC Standard
for ground-fault circuit-interrupters for use in accordance with these codes. Therefore, this Standard does
not employ any IEC Standard for base requirements.

Interpretations
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The interpretation by the standards development organization of an identical or equivalent Standard is
based on the literal text to determine compliance with the Standard in accordance with the procedural
rules of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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1 Scope

1.1 This Standard applies to Class A, single- and three-phase, ground-fault circuit-interrupters intended
for protection of personnel, for use only in grounded neutral systems in accordance with the National
Electrical Code (NEC), ANSI/NFPA 70, the Canadian Electrical Code, Part |, and Electrical Installations
(Use), NOM-001-SEDE. These devices are intended for use on alternating current (AC) circuits of 120 V,
208Y/120V, 120/240 V, 127 V, or 220Y/127 V, 60 Hz circuits.

Note: In Canada, the text “intended for protection of personnel” is excluded.

1.2 These requirements do not cover ground-fault circuit-interrupters intended for use in circuits served
by a transformer having windings wholly insulated from each other.

1.3 This St4
permitted to
devices are tg

1.4 This Standard includes minimum requirements for the function, construction, perf

markings of g
1.5 This Sta

1.6 This Stg
counter, such

2 Normative References

2.1 Any nor
be interpreted

2.2 Whena
code or Stand

2.3 For prod
0, Definitions

3 Definition

ndard applies to all Class A ground-fault circuit-interrupters. These Class
e integrated into other devices, in which case, besides complying with)this S
comply with the corresponding applicable Standard for the device in question

round-fault circuit-interrupters included in the scope.
hdard is intended to cover only Class A GFCI devices:

ndard also covers GFCls of the self contained:type that are intended for i
as would be suitable for installation in a kitchen.or bathroom counter top.

mative reference to a code or Standard appearing in the requirements of this
as referring to the latest edition*of that code or Standard. See Annex A.

reference is made to another code or Standard, the product shall comply with
ard of the country or.,countries in which the product is intended to be used.

ucts intended for.use in Canada general requirements are given in CSA Stang
and General Requirements — Canadian Electrical Code, Part Il.

S

A GFCls are
andard, these

ormance, and

stallation in a

Standard shall

the installation

ard C22.2 No.

For the purpo

ses of this Standard, the following definitions apply:

3.1
means of a pr

obe or tool.

ACCESSIBLE PART - A part so located that it can be contacted by a person, either directly or by

3.2 AUTOMATIC RECLOSURE - Denotes the act of a ground-fault circuit-interrupter resetting itself after
having been tripped.

3.3 CLASS A - Class A, when applied to a ground-fault circuit-interrupter (GFCI), is an interrupter that
will interrupt the circuit to the load when the ground-fault current is 6 mA or more but not when the ground-
fault current is 4 mA or less.

3.4 CORD-CONNECTED - Denotes connection to a supply circuit by way of a flexible cord terminating
in an attachment plug.
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3.5 DOUBLE INSULATION - The insulation system resulting from a combination of functional and
supplementary insulation.

3.6 ENCLOSURE - A surrounding case constructed to provide a degree of protection against incidental
contact with the enclosed equipment and to provide a degree of protection to the enclosed equipment
against specified environmental conditions.

3.7 ENERGIZED PART — A part at some potential with respect to another part, or to earth.

3.8 FUNCTIONAL INSULATION — The insulation necessary for the proper functioning of the device, and
for basic protection against electrical shock hazard.

D OF LIFE — When a GFCl is incapable of providing ground fault protection ahd passing its
hction it has reached its end of life.

3.9 GFCIEN
internal test fu

3.10 GROUN

some potentia

3.1 GROUN
protection of
period of time
to operate the

In Canada, a ¢
load when a
operate the oV

3.12 HOUSI
circuit-interrup

3.13 LEAKA
conveyed bety

D FAULT — Denotes an unintentional electrical path between a part’operatir
to ground, and ground.

D-FAULT CIRCUIT-INTERRUPTER - In the US and Mexico, a device int
ersonnel that functions to de-energize a circuit or portion-of a circuit within g
when a current to ground exceeds some predetermined value that is less tharn
overcurrent protective device of the supply circuit.

evice whose function is to interrupt, within a.predetermined time, the electricg

ercurrent protective device of the supply\circuit.

NG — The integral envelope directly surrounding the circuit components of th
ter.

SE CURRENT — Denotes all currents including capacitively coupled currents
been energized parts,of a circuit and (1) ground or (2) other parts.

3.13A MICR
connections a

e not accessible exclusive of provided external connection pins or pads. Th

capable of funictioning in the analogue mode, digital mode, or a combination of the two mod
of microelectrgnics in¢lude: ASICs, ROMs, RAMs, PROMs, EPROMs, PALs, and PLDs. See

g normally at

ended for the
n established
that required

| circuit to the

current to ground exceeds some predetermined value that is less than that required to

b ground-fault

Wwhich may be

DELECTRONICS~= Monolithic, hybrid, or module circuits, where the internal circuit

e circuits are
es. Examples
3.16A.

3.14 OUTLEBOX TYPE GROUND-FAULT CIRCUIT INTERRUPTER — A permanen

ly connected

ground-fault circuit-inferrupter provided with a mounting yoke for mounting in an outlet box; may or may
not be provided with receptacle outlets. May be referred to as a receptacle-type GFCI.

3.15 PERMANENTLY CONNECTED - Denotes connection to a supply circuit by way of fixed electrical
conductors (see cord-connected).

3.16 PORTABLE GROUND-FAULT CIRCUIT-INTERRUPTER — A plug-in type ground-fault circuit-
interrupter provided with male blades for connection to a receptacle, or one that is cord-connected. (See
cord-connected).

3.16A PROGRAMMABLE COMPONENT — Any microelectronic hardware that can be programmed in
the design center, the factory, or in the field. Here the term "programmable” is taken to be "any manner in
which one can alter the software wherein the behavior of the component can be altered". The
microelectronics defined in 3.13A are examples of programmable components.
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3.17 RATED CURRENT — The marked value of current.

3.18 RATED VOLTAGE - Voltage assigned by the manufacturer. See Table 7.2.1 for details and marked
voltage.

3.19 REINFORCED INSULATION - An insulation providing protection against electrical shock hazard
that is equivalent to double insulation.

3.19A REMOTE CONTROL — Denotes the use of a GFCI for switching purposes, to be actuated (on or
off) from a location not at the GFCI. This does not anticipate for resetting when tripped in accordance with

the provisions of 6.7.1.1 - 6.7.2.2.

3.20 ROOM

3.21 SHOC
interrupter if:

TEMPERATURE - Air at 25.0 £5.0°C (77.0 £9.0°F).

K HAZARD - A shock hazard is considered to exist at a part of algroun

d-fault circuit-

a) There would be current of 6 mA or more in a resistance of 500 ohms,connected bdtween the part
in quegtion and the grounded supply conductor, and
b) Theg device would not operate to open the circuit to the 500-ohm resistor within the time allowed
in6.7.11.1.
3.22 SUPPUEMENTARY INSULATION — An independent insulation provided in addition td the functional
insulation to insure protection against electric shock hazard in the event that functional indulation should
fail.
3.23 TRIP - Denotes automatic interruption by-the ground-fault circuit-interrupter of the elgctric circuit to
the load.
4 General
4.1 Components
4.1.1 Except as indicatediin4.1.2, a component of a product covered by this Standard shall comply with

the requireme
used in the ¢
comply with t

nts for that component. See Annex A for a list of Standards covering comporn
roducts covered by this Standard and applicable Mexican Standards. A co
he ANCE, CSA, or UL Standards as appropriate for the country where the p

used. When &

appropriate ¢

41.2 Acom

O

ents generally
mponent shall
roduct is to be
bmply with the

ponent need not comply with a specific requirement that:

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

b) Is superseded by a requirement in this Standard.

41.3

414

A component shall be used in accordance with its ratings for the intended conditions of use.

Specific components are accepted as being incomplete in construction features, or restricted in

performance capabilities. Such components are intended for use only under limited conditions, such as
temperatures not exceeding specified limits, and shall be used only under those specified conditions for
which they have been investigated.
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4.2 Units of measurement

4.2.1 If a value for measurement is followed by a value in other units in parentheses, the second value
may be only approximate. The first stated value is the requirement.

5 Construction
5.1 All types

5.1.1 A ground-fault circuit-interrupter which is intended to be connected to a supply circuit having more
than one ungrounded conductor shall be so designed that their intended purpose will not be defeated if
any of the ung ' i '

5.1.2 An intgrrupter having an adjustable circuit component, the setting of which affectsthg clearing time
or the sensitivity, shall be constructed so that:

a) The|component is not visible to the user when the interrupter is inJgormal use|or when it is
opened for connecting supply circuit and load circuit conductors; and

b) Any [cover or other part which obscures the component from view requires a tool for removal and
is so gecured or sealed that the removal can be readily détected. The application of a sealing
material directly to the component is considered to comply-with the intent of Item (b) for sealing.

5.1.3 Excepflas specified in 5.1.4, male and female contaet-devices such as plugs, connectors, current
taps, and recgptacles provided with, or as an integral paftof, a ground-fault circuit-interrupter shall also
comply with the applicable construction and performance requirements in the Standards [referenced in
Annex A, Ref.[No. 1.

5.1.4 For Cahada, as an alternate to the Temperature Test in Clause 7.9 of the Standard fof General Use
Receptacles, Attachment Plugs, and Similai-Wiring Devices, C22.2 No. 42, a receptacle type GFCIl may
be tested as described in Section 6.28 of.this Standard.

For Mexico, a$ an alternate to the Temperature Test in Clause 6.2.5 of the Standard for Wiring Devices —
Safety requirements — Specifications and Test Methods, NMX-J-508-ANCE, a receptacle tyjpe GFCI may
be tested as described in Section 6.28 of this Standard.

For the US, ag an alternate to the Temperature Test in Section 111 of the Standard for Attachment Plugs
and Receptades, UL 498, a receptacle type GFCI may be tested as described in Section 6.28 of this
Standard.

5.1.5 In Canada, a portable ground-fault circuit-interrupter:
a) Is required to have a fixed grounding pin,

b) Of the direct plug-in type, other than one designed solely for use in a locking type receptacle,
shall not include a mounting tab which is intended to connect with a screw retaining the cover of a
duplex receptacle in place, or any other means for securing the interrupter to a receptacle or its
cover.

5.2 Resistance to corrosion

5.2.1 Parts shall be protected against corrosion if failure of such parts would be likely to result in a
hazardous condition, including failure to perform with high-resistance ground faults as provided in these
requirements. To verify compliance with 5.2.1, see the Corrosion test, Clause 6.21.
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5.3 Grounding and bonding

5.3.1 All accessible parts of a permanently connected ground-fault circuit-interrupter that are likely to
become energized if there should be arc-over, insulation failure, or the like, shall be connected together
and to the terminals intended for the equipment grounding conductor (see 5.11.1). The resistance of the
circuit is not to exceed 0.1 ohm, and the circuit shall be capable of withstanding continuously a current of

25A.

5.3.2

except the screw size shall be permitted to comply with 5.3.3.

5.3.3 Fordevices rated 15 A or 20 A the minimum screw size is 4.5 mm (No. 8).

In Canada, the grounding and bonding shall comply with the requirements of Annex A, Ref. No. 2,

5.34 Incon
the likelihood
5.3.5 If pro

sidering the provisions of 5.3.1, a grounded or insulating barrier may beemplc
that accessible parts will become energized.

ided, the equipment grounding conductor of a portable or cerd-connecte

yed to reduce

d ground-fault

circuit-interrupter shall be conductively connected to the grounding contacts of the attachment plug and of

the receptacle

5.3.6 A gro|
conductor.

Note: In Canada,
5.4 Enclosy

541 A gro|
might be sub
comply with
incorporated
*Standard, sh

*See Annex [

5.4.2 Adevi
in an addition
No. 3, and sh
referenced in

s, and shall not be connected to accessible conductive parts.

nd-fault circuit-interrupter shall operate normally if there is an open circuit in

equipment grounding conductors are referred to as bonding conductors.
re and housing

nd-fault circuit-interrupter housing shall be capable of withstanding the abus
ected in normal use without affecting the GFCI to the extent that the GFQ
the requirements of thiscStandard. A ground-fault circuit-interrupter in
nto equipment having an genclosure that is subject to the requirements of th
all be permitted to be constructed without enclosures.

for a list of possible end-product Standards.

ce which iS.capable of being used as a ground-fault circuit interrupter without
al enclosure, shall comply with the enclosure requirements as referenced in
all alsocomply with the applicable enclosure requirements for the intended ¢

the grounding

tes to which it
| would fail to
ended to be
e end-product

peing installed
Annex A, Ref.
nvironment as

Anhex A, Ref. No. 4. See 6.3.8.

5.4.3 Doors and covers shall have means for securing them firmly in place. If bare live parts are exposed
by the opening of such doors or covers, means requiring the use of a tool to open, or provision for locking,
shall be provided to hold them in the closed position.

5.5 Provision for connection to permanent wiring systems

5.5.1

There shall be provision at a permanently connected ground-fault circuit-interrupter for attachment

of raceway or cable and grounding in accordance with the National Electrical Code (NEC), ANSI/NFPA 70,
Canadian Electrical Code (CEC), C22.1 or Electrical Installations (Use), NOM-001-SEIE-1999.

5.5.2

Interrupters shall be so constructed that:

a) The position of the openings for conduit or cable connection is unlikely to cause confusion in
connecting field-installed conductors;
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b) Field-installed conductors will be separated by barriers from conductors of internal wiring; and
from components of interrupters other than wiring terminals; and
c) Circuit components will be protected from damage during field installation. See Enclosure and
housing — performance, Clause 6.3.

5.6 Insulation

5.6.1 Except as described in 5.6.2 and 5.6.3, a portable ground-fault circuit-interrupter shall have double

insulation or reinforced insulation throughout its construction.

5.6.2 Functional insulation alone is acceptable in a portable device where, in the event that the functional

insulation shodild fail, there would be no shock hazard at the ground-fault circuit-interrupter.

5.6.3 In perf
(described in
functional ins
supervisory ci

5.6.4 Functiq
cord-connectg

a) The
replace

b) It sh
first pe

5.6.5 Except
ground-fault ci

5.7 Accessi

.

porming the evaluation described in 5.6.2 at a manual switch in the supe]
5.15.1), the device need not trip if the value of current available*in the €
lation of the switch should fail would not exceed the value of)cUrrent em
uit.

nal insulation shall be interposed between grounding conductors and access
d ground-fault circuit-interrupter. If such insulation is jnhérent in a receptacle:

re shall be instructions visible when the receptacle is being removed for re
the receptacle with only an identical replacement, and how to obtain the repla

all not be possible to use a standard greunding-type receptacle as a replacs
[forming a drilling or cutting operation.

where specifically acceptable for, the purpose, the jacket of the power-supp
rcuit-interrupter is not considered to provide insulation. See 5.10.5.

bility of energized parts
f a ground-fault circuit-interrupter shall not be accessible when they are energi

Fmining compliance with the provisions of 5.7.1:

571 Partsd

5.7.2 Indete
a) Exc
can be
b) Ap

rvisory circuit

vent that the

bloyed by the

ble parts of a

placement to

cement, and

ement without

ly cord of the

pt at a\contact of an attachment-plug receptacle, a part is considered to be accessible if it
touched with a 2.4 mm (3/32-inch) diameter rod,

c) A door or cover that can be opened or removed without the use of a separate tool is to be open
or removed,

d) A door or cover that must be opened or removed in order to use a ground-fault circuit-interrupter
shall be opened or removed, and

e) Material that is not acceptable as insulation is considered to be conductive.

5.7.3 Access to the trip mechanism and electronics of a portable ground-fault circuit-interrupter, not
intended to be repaired, shall not be attainable with ordinary tools. Access shall be limited by use of
tamper-resistant screws, rivets, welding or other equivalent means.
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5.8 Internal wiring

5.8.1 The gauge and insulation of wires shall withstand the mechanical and electrical stresses of service.
Particular consideration should be given to the effect of vibration and user servicing where wire smaller
than 0.205 mm? (24 AWG) is employed. Compliance shall be determined by completion of the impact test
and drop test as described in Enclosure and housing — performance, Clause 6.3, and conducting the
Visual inspection test, Clause 6.22.

5.8.2 In a portable cord-connected ground-fault circuit-interrupter, at a wire termination or splice there
shall be at least one independent means provided which alone could prevent the conductor from
becoming free to bridge supplementary or reinforced insulation in the event that the wire should break at
the termination or splice. A wire-binding screw or nut shall be suitably prevented from loosening such as
with a springttype lockwasher or equivalent, if such loosening could allow the attached conductor to
become free|to bridge supplementary or reinforced insulation. Compliance shall_be-determined by
conducting the Visual inspection test, Clause 6.22.

5.8.3 Insulafed conductors shall be suitable for the temperature, voltage{yand the infended use in
accordance with the applicable requirements of relevant component Standards (see also|Separation of
circuits, subclpuse 5.12.4).

5.8.4 All joimts and connections shall be made mechanically sectre and shall provide [adequate and
reliable contact without strain on connections and terminals) ‘Compliance shall be determined by
conducting the Visual inspection test, Clause 6.22.

5.8.5 Alljoirts shall be provided with insulation suitable-for the temperature, voltage, and intended use of
the conductors themselves, in accordance with applicable requirements of the relevant component
Standards listed in Annex A, Ref. No. 5, or shall comply with Spacings, Clause 5.12, or Altefnate spacings
— clearances [and creepage distances, Clause 5\13. Compliance shall be determined by ¢onducting the
Visual inspecfion test, Clause 6.22.

5.9 Field wiring

5.9.1 A grodnd-fault circuit-interrupter intended for permanent connection to the branch ¢ircuit shall be
provided withl means for the._€onnection of wires having an ampacity in accordance with the National
Electrical Cogle ANSI/NFRA\Z0, and the Canadian Electrical Code, C22.1, and Electrical Installations
(Use), NOM-Q01-SEDE,

5.9.2 In a pgrmanently connected ground-fault circuit-interrupter, either:

a) Acgeptable barriers shall be employed to separate load-circuit conductors and ferminals from
terminals and conductors of any other circuit, or

b) All such parts shall be insulated for the maximum voltage of either circuit.

5.9.3 If a ground-fault circuit-interrupter is provided with leads for connection to the branch circuit, the
leads shall not be more than two sizes smaller than the size referred to in 5.9.1 and shall not be smaller
than 2.082 mm? (14 AWG).

5.9.4 A lead-type terminal shall be so constructed as to withstand the stress of normal handling without
damage to the ground-fault circuit-interrupter. To determine compliance, each terminal lead shall be
subjected to the force described in 6.1.5.
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5.9.5 Green coloring with or without one or more yellow stripes and white or gray coloring shall not be
used for the covering of a terminal lead unless intended for connection to grounding and grounded
conductors respectively. See also 8.2.4.

In Canada, an equipment grounding conductor is referred to as a bonding conductor and the grounded conductor is referred to as the
identified conductor.

5.9.6 The free length of a terminal lead shall be at least 100 mm (4 inches).

5.9.7 A terminal connector shall be prevented from moving so as to strain factory connections or reduce
spacings to unacceptable values. Friction alone is not to be depended upon to prevent such movement.

5.9.8 At a tefminalthatis not considered to be a pressure terminal connector, it shall not bg necessary to
assemble or gdjust parts other than loosening or tightening a screw, bolt, or nut. In ordef] to determine
compliance with the provisions of 5.9.8, a wire-binding screw or nut is to be tested,'in ac¢ordance with
6.1.8.

5.9.9 A term|nal connector of the wire-binding type is permitted to terminate, conductors mo larger than
5.26 mm?2 (10 AWG).

5.10 Power-supply cord

5.10.1 A corg-connected ground-fault circuit-interrupter shall:be provided with an attachment plug for
connection to the supply circuit. The rating of the attachment{lug is to be equal to the rating pf the ground-
fault circuit-intgrrupter.

5.10.2 The flexible cord shall be of a type, which.complies with the requirements for:

a) Hardl usage or extra-hard usage in,accordance with Table 11 of the Canadian Elgctrical Code,
Part I, ¢r

b) Hard service or junior hard service cords in accordance with Flexible Cords and [Cables, Table
400-4 of the National Electrical-Code, ANSI/NFPA 70, or

c) Extrp-hard service jor-hard service in accordance with Electrical Products, Wirg and Cables,
Heavy Puty and Extra Heavy Duty Flexible Cords, Up to 600 V, NMX-J-436.

5.10.3 Strain| on the power-supply cord that may occur by way of pulling, twisting, or pughing into the
ground-fault circuit-interrupter housing shall not be transmitted to cord-conductor terminationp.

5.10.4 In orderto determine that the strain of pulling on the supply cord will not be transmitied to the cord
terminations as provided in 5.10.3, the power supply cord is to be subjected to be the testin 6.1.6.

5.10.5 A clamp or similar device of conductive material applied to the power-supply cord shall have
supplementary insulation interposed between the cord and the clamping device or shall not be accessible.

5.10.6 A surface of a ground-fault circuit-interrupter against which a flexible cord is likely to bear shall be
smooth and well-rounded.

5.10.7 Unless protection is provided in a ground-fault circuit-interrupter to prevent overloading of the
supply-cord conductors, the current rating of the supply cord shall not be less than the current rating of the
attachment plug on the supply cord.
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5.10.8 The points within the ground-fault circuit-interrupter intended for the termination of power-supply-
cord conductors shall be plainly identified as detailed in 7.4.3.

5.10.9 The attachment plug of a ground-fault circuit-interrupter shall be a molded-on type or shall have
the cord-conductor terminations sealed, or shall be provided with other means to prevent accidental
contact between the grounding conductor and either or both of the power conductors, within the
attachment plug.

5.10.10 A portable ungrounded ground-fault circuit-interrupter shall be provided with a polarized
attachment plug cap.

5.10.11 If a 3-wire grounding-type attachment plug or a 2-wire polarized attachment plug is provided, the
attachment plug connections shall comply with Figure 5.10.1, and the polarity identification| of the flexible
cord shall comply with Table 5.10.1.

5.10.12 The| power supply cord of a portable GFCI having a permanently. attached [cord shall be
subjected to the testin 6.1.7.

5.10.13 The power-supply cord shall be separately insulated from eéxposed metal parfs at the point
where it enterp the equipment. The jacket on a cord is not considered as-supplementary insylation.
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Figure 5.10.1

Connection to attachment plug

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING - TYPE
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED
OUTER SURFACE @

CONDUCTOR INTENDED TO BE GROUNDED
(IDENTIFIED CONDUCTOR)®

CONNECTIONS OF CORD CONDUCTORS TO~POLARIZED
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED)

CONDUCTOR NOT INTENDED TO BE
GROUNDED (UNIDENTIFIED CONDUCTOR)

CONDUCTOR INTENDED TO BE GROUNDED
AB100 (IDENTIFIED CONDUCTOR)P

2 In the above illugtration, the blade to.which the green conductor is connected may have a U-shaped or circular crogs section.
b Signifies a cond{ictor identifiedtin‘accordance with Table 5.10.1 as wire intended to be grounded.
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Table 5.10.1
Polarity identification of flexible cords
Acceptable combinations
Method of Identification Wire intended to be grounded®* All other wires®

Color of braids on individual A Solid white or gray — without tracer Solid color other than white or gray —
conductors without tracer

B Color other than white or gray, with Solid color other than white or gray —

tracer in braid without tracer
Color of insulation® on individual C Solid white or gray Solid color other than white, or gray
t

conductors D Lightblue Solid color other than light blue, white

Note: In Canad
to as the identif

ed conductor.

uctor is referred

@ Only for cords

b Wire finished 1
grounding cond

¢ The color blue|

having no braid on any individual conductor.

p show a green color with or without one or more yellow stripes or tracers is to be used. only’as an
Lictor. See Figure 5.10.1.
or use of a tracer braid is not permitted for this use in Canada.

equipment-

5.11 Recep

511.1 Areo
terminal cond
5.11.2.

511.2 Apo
be provided
polarized recs

511.3 The
receptacle sh

acles

eptacle of a ground-fault circuit-interrupter shall be”ofthe grounding type with

ith a receptacle or cord connector-0f the grounding type, but shall be p
ptacle or cord connector. See 5.5.

bmpere rating of the receptacle of a ground-fault circuit-interrupter that hag
bll be equal to the rating ef'the attachment plug of the supply cord.

5.11.4 The fating of any receptacle not having individual overcurrent protection, provided

fault circuit-in
511.1.

terrupter having (more than one receptacle outlet, shall be one of those s

5.11.5 The face of atwo-conductor ungrounded receptacle or cord connector shall obstru

the grounding

Lictively connected to the grounding conductor of\the power-supply cord, except as noted in

table ground-fault circuit-interrupter that is'not provided with an equipment griound shall not

ovided with a

only a single

on a ground-
hown in Table

tt the insertion

of a 2-pole 3-Wire grounding type attachment plug cap.
Table 5.11.1
Receptacle current rating in amperes
Supply — Cord Cap Amperes 15 20 30
Receptacle 15 15 0r 20 30

5.12 Spacings

5.12.1

5.12.11

General

A through-air spacing between bare, current-carrying parts shall be considered to be the

shortest distance measured around any insulating barriers between them, except that any joint in a barrier
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shall be treated as a gap in the barrier, unless the joint has been shown to have an effective dielectric
strength equivalent to that of the barrier.

5.12.1.2 An over-surface spacing between bare, current-carrying parts shall be considered to be the
shortest distance measured along the surface of the insulating material between them, except that the

following dista

nces shall not be included:

a) The length of the contour of a slot or groove where the width of the slot or groove in the surface
is less than 0.8 mm (1/32 inch) wide.

b) The distance measured around an insulating barrier which is not integral with its supporting base
and not otherwise joined to it so that the dielectric strength of the joint is effectively equivalent to

that of

5.12.1.3 Ind

5.12.1.4 Par

screws), and {

5.12.1.5 The

connected to

5.12.1.6 AllL
though they w

voltage involv
conductors of

5.12.1.7 Ind

ha harrier
HE-BaHHS-

btermining spacings, film-coated magnet wire is considered to be un-instlated

s not locked in position, parts subject to random orientation (such\as non-cirg
ne like are to be moved to the most adverse position for spacing measurement

spacing at wiring terminals shall be measured with-appropriate wires
he terminals as in actual service.

are current-carrying parts connected to different:circuits shall be spaced from
ere parts of opposite polarity and spacing requirements shall be judged on th
d. In the case of isolated circuits, the palarity and spacing between the

he two circuits shall be consistent with the requirements of the highest voltage

etermining spacings through openings’in a housing of insulated material, tightl

foil may be usgd to bridge the opening, but is notjto be pressed into the opening.

5.12.2 Requ

5.12.21 Thr

and Table 5.14

5.12.3 Requ

5.12.31
less than thos

5.12.4 Sepa

5.12.41

The

frements — other than field-wiring terminals

bugh-air and over-surface spacings shall not be less than the values shown in ]
2.2.

frements =field-wiring terminals

spacings between field-wiring terminals not operating at the same potentig
e shown in Table 5.12.3.1.

ular heads of

in place and

each other as
e basis of the
hdjacent bare
involved.

y drawn metal

[able 5.12.2.1

| shall not be

ration of circuits

Unless supplied with insulation suitable for the highest voltage, insulated conductors of different

circuits (internal wiring) shall be separated by barriers or shall be segregated; and shall be separated or
segregated from bare live parts connected to different circuits. Clamping, routing, or equivalent means of
permanent separation from insulated or bare live parts of a different circuit may be considered as
appropriate segregation of the insulated conductors.
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Table 5.12.2.1
Spacing in mm (inches)®
Operating potential between parts
70 V peak or less 71-200 V peak
Parts Though air Over surface Through air Over surface
separated by Open? Closed-in® Open? Closed-in® Open?® Closed-in® Open?® Closed-in®

Functional 1.6 1.6(1116% | 1.6 (116% | 1.6(1/16%) | 3.2(18) | 1.6(1/16) | 6.4(1/4) | 1.6(1/16)
insulation® (1/169)
Supplementary | 3.2(1/8) | 1.6(1116) | 6.4(14) | 160116) | 32(18) | 1.6(1116) | 6.4(1/4) | 3.2(1/8)
insulation
Double or 8 (174) 32178 27 (172) 372178 8 (174) 32178 F2-7(172) 6.4 (1/4)
Reinforced
insulation

@ A space that is

b A space that i

¢ Smaller spacir

4 May be less th

A, Ref. No. 6 sp
and a special di

not specially protected from deposition of dirt.

specially protected from deposition of dirt; i.e., a sealed housing that meets the requirements of th
outlined in Claupe 6.20.

gs may be acceptable where they are inherent in a suitable component.

an 1.6 mm (1/16 in), but not less than 0.8 mm (1/32) at a printed wiring board without conformal cqg

¢ For printed wiring boards with suitable conformal coating which has been determinegd tocomply with the requirery
acings may be reduced to 0.8 mm (1/32 in), and may be further reduced if the coating is determing
Blectric withstand test is performed between the conductors.

e dust test

ating.

hents in Annex
d to be suitable

Table

5.12.2.2

Spacing in mm.(inches)®

Operating potential between parts

201 - 400 V peak

outlined in Claupe 6:20;

|

¢ Smaller spacijgs'may be acceptable where they are inherent in a suitable component.

Though air Over surface

Parts sepfrated by Open? Closed-in® Open? Closed-in®
Functional insulation® 614 (1/4) 3.2(1/8) 9.5 (3/8) 3.2(1/8)
Supplementary finsulation 6.4 (1/4) 1.6 (1/16) 9.5 (3/8) 3.2 (1/8)
Double or Reinfprced 12.7 (1/12) 6.4 (1/4) 19 (3/4) 6.4 (1/4)
insulation
@ A space that ig not specially,protected from deposition of dirt.
b A space that i3 speciallinprotected from deposition of dirt; i.e., a sealed housing that meets the requirements of the dust test

9May be less than 1.6 mm (1/16 in), but not less than 0.8 mm (1/32) at a printed wiring board without conformal coating.

¢ For printed wiring boards with suitable conformal coating which has been determined to comply with the requirements in Annex
A, Ref. No. 6 spacings may be reduced to 0.8 mm (1/32 in), and may be further reduced if the coating is determined to be suitable
and a special dielectric withstand test is performed between the conductors.
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Table 5.12.3.1
Minimum spacing at field wiring terminals

Voltage peak

Spacing, mm (inches)

Through air (between
opposite polarities)

Over surface in air (between
opposite polarities)

Through air or over surface
(between live parts to

ground)
up to 200 6.4 (1/4) 6.4 (1/4) 6.4 (1/4)
201 -400 9.5 (3/8) 9.5 (3/8) 12.7 (1/2)

5.13 Alternative spacings — clearances and creepage distances

5.13.1 As ar
insulation, theg
surface spacin
using the appl

5.13.2 When
board assemb

b) Poll

c) Pollyition degree 1 for an assembly with a conformal coating complying with the |

Board

5.13.3 When
Ref. No. 7, th
applicable to |
controlled equ
protection dey|
fault circuit-int

5.13.4 Wher

a) Poll:[tion degree 3 for an assembly without a conformal coating,

alternative to the measurement method specified in Spacings, Clause 5:12)
minimum acceptable clearances (through air spacings) and creepage”di
gs) for a printed wiring board assembly shall be evaluated as specified in 5
cable requirements in Annex A, Ref. No. 7.

applying the requirements in Annex A, Ref. No. 7, the environment for a
y within a ground-fault circuit-interrupter is considered to be:

tion degree 2 for
1) an assembly with a conformal coating, or.

2) an assembly without a conformal ceating when the printed wiring board is
sealed housing that complies with theDust test, Clause 6.20, or

Coating Performance Test.infAnnex A, Ref. No. 7.

e applicable overvoltage category for line voltage circuits is Category .
ow voltage circuits’if a short circuit between the parts involved results in op
ipment whichnincreases the risk of fire, the risk of electric shock, or both. An
ce needed.to achieve these categories shall be provided as an integral part
prrupter,

b.measurement of clearances and creepage distances is involved to establish

for functional
stances (over
13.2 -5.134

printed wiring

contained in a

Printed Wiring

applying Clearance.B -(controlled overvoltage) construction requirements filom Annex A,

Category | is
eration of the
y overvoltage
pf the ground-

the minimum

spacings, the
No. 7, shall be

Methods Specified for measurement of clearance and creepage distances in
used.

5.14 Operating mechanism

5.14.1

Annex A, Ref.

Compliance with the provisions of 6.7.1.1 — 6.7.2.2 shall not be prevented by manipulation or

restraint of accessible control levers, knobs, and the like of a ground-fault circuit-interrupter. To verify
compliance with 5.14.1, see Operating mechanism test, Clause 6.26.

5.14.2 A ground-fault circuit-interrupter that has tripped in accordance with the provisions of 6.7.1.1 —
6.7.2.2 shall not be capable of automatic reclosure.

5.14.3

line side, it shall be capable of automatic reclosure when power is restored.

If a permanently connected ground-fault circuit-interrupter trips because of a loss of power on the
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5.14.4 A portable ground-fault circuit-interrupter which trips due to a loss of power on the line side is not
prohibited from being provided with the capability of automatic reclosure when power is restored.

5.14.5 A receptacle Type GFCI that contains separate line and load terminals, and that is powered
through its load terminals, shall not reset and supply power to its receptacle face or line terminals. See
Reverse line-load miswire test, Clause 6.23.

5.14.6 A receptacle type GFCI that contains separate line and load terminals shall comply with 5.14.5
during its initial installation and after reinstallation following a correctly wired installation. If the device is
provided with special instructions for removal and reinstallation, the instructions shall be followed during

testing. See Clause 6.24.

5.14.7 The
7.3.7.

5.14.8 A GH
evaluated to |

a)lfa
shall b

b) Fai
electrg

equirement of 5.14.6 does not apply to a receptacle type GFCI marked incag

Cl with an electronic mechanism to comply with 5.14.2 to allow fer remote ¢
he following as applicable:

programmable circuit has a component such as a microprocessor, that portio
e investigated in accordance with the requirements of Annex A, Ref. No. 15.

ure-Mode and Effect Analysis (FMEA) simulation,where a single componen
nic interlock circuit shall not result in loss of protective control to comply with 5

c) Sa

ON and OFF function shall be subject to an;additional 3000 cycles via remote
functign. For devices with separate GFCI trip;.the interrupting contacts responsible fi
and OFF function shall be subject to 6000-cycles to 6.14 via remote ON and OFF fun

d) When agreed upon by all concerned parties, a GFCI with a mechanical interl
remotg-control function per 5.14.2'is exempt from 5.14.8(a) and 5.14.8(b) but s

requir
5149 Rest

accordance w
manual RESH

5.15 Superny

5151 Agrq

e device subject to 6.14 with interrupting contacts responsible for both GFCI t

ments in 5.14.8(c).

pration of the remgate control function is prohibited after the GFCI has
ith 5.14.2. In addition to 5.14.3 or 5.14.4, restoration of remote control function
T of the tripped-GFCI.

yisory circuit

cordance with

ontrol shall be

h of the device

t failure of the
14.2.

rip and remote
ON and OFF
br Remote ON
ction.

bck prohibiting
hall meet the

interrupted in
requires local

und-fault circuit-interrupter shall be provided with a supervisory circuit that w

II conveniently

allow for periodit, Tmranuattesting of theabitity of the device to trip by way of asimutatedgro

5.15.2

considered not to be convenient within the intent of these requirements.

nd fault.

If it is necessary to employ a separate tool in order to operate the supervisory circuit, operation is

5.156.3 The supervisory circuit shall operate to create a current imbalance of the sensing toroid, but shall
not rely on the equipment grounding conductor to operate.

5.156.4 The results of the test shall be made known by means of an audible or visual indication.

5.15.5 When the reset is operated, a ground-fault circuit-interrupter that has reached its end of life shall
comply with Clause 6.27.
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5.15.6 The current imbalance employed by the supervisory circuit shall be sufficient to cause tripping at
85 percent of rated voltage, provided that at rated voltage the current imbalance shall not exceed 9 mA.

5.16 Auto-monitoring function

5.16.1 In addition to the Supervisory circuit specified in 5.15, a ground-fault circuit interrupter shall be
provided with an auto-monitoring function that will allow for periodic, automatic testing of the ability of the
device to respond to a ground fault. This testing shall be done without opening the circuit interrupter
contacts.

5.16.2 With the GFCI wired normally (not reversed), the auto-monitoring function shall perform the
automatic test each time power becomes available to the load terminal(s) or, alternatively, line terminal(s)
of a properly Wired GFCI. The automatic test shall be initiated and meet the requirements_pf 5.16.4 with
the simulated jauto-monitor fault conditions present within five seconds of power availability to the line or
load terminals| The automatic test shall be repeated at least every three hours.

5.16.3 The quto-monitoring function shall not compromise the ability of the GEE€1 to resporjd to a ground
fault or a grounded neutral fault. Compliance is determined by the test of 6.31.6.

5.16.4 The gonsequence of the auto-monitoring test detection of a preblem shall be one ¢r more of the
following:

a) Powgr denial (trip with the inability to reset);
b) Trip with the ability to reset, subject to the next agto-monitoring test cycle or repeatedly trip;

c¢) Visupl and/or audible indication as permitted-by 6.31.8.
5.17 Programmable circuit components

5.17.1 If a programmable circuit compenéent such as a microprocessor is employed in @ device, that
portion of the @levice shall be investigated in accordance with the requirements of Annex A, Ref. No. 15 as
defined in 5.1]7.2. Discrete components such as resistors, capacitors, and transistors, ingluding simple
integrated cirquits that are not programmable such as logic gates and operational amplifidrs, do not fall
within the scope of the requirements of Annex A, Ref. No. 15.

5.17.2 The nrjsks to besconsidered in the investigation mentioned in 5.17.1 shall include| the following
scenarios as gpplicable;

a) Unwanted tripping;

b) Failure to trip under conditions where tripping should occur;
c¢) Tripping at the wrong trip threshold value;

d) Failure of supervisory circuit to complete evaluation;

e) Failure of the end of life function;

f) Failure of the auto-monitoring function; and

g) Failure of the line load miswire function.
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6 Tests
6.1 General

6.1.1

a receptacle shall comply with the specifications in Table 6.1.1.

6.1.2 The limits specified in Table 6.1.1 shall be determined as follows:

When evaluated in accordance with 6.1.2, a product having integral blades for direct insertion into

a) For units with an output cord, the cord is to be cut off at the enclosure, or at the strain relief
means if the strain relief means is outside the enclosure.

b) Fo
measy

c)Are

d) Anm

Units with integrally mounied accessories or optional components, the va
red with the accessories or components in place.

movable part is to be in place.

ounting tab is not to be included in the measurement of linear dimensions for

deternmiining moments unless:

6.1.3 When
product, incly
adjacent rece|

6.1.4 A unit
acceptable.

1) There is no deformation of the tab and enclosure after being subjected
described in Enclosure and housing — performance, €lause 6.3, and

2) For a polymeric-enclosed product having.an' integral tab, there is n

and abnormal use as determined by subjegting the product to the applicabl
relief distortion test requirements in Annex-A, Ref. No. 8.

ding a mounting tab, shall interfere with the full insertion of an attachmen
btacle, except as noted in 6.1.4. See Figure 6.1.2.

es are to be

the purpose of

to the impact

b distortion at

temperatures to which the polymeric materialmay be subjected under conditions of normal

e mold stress-

the integral blades are inserted._into a parallel-blade duplex receptacle, mo part of the

plug into the

that renders the adjacent'receptacle completely unusable in any one mouniing position is

Table 6.1.1
Specifications for plug-in GFCls
Algepraic Quantity Maximum acceptable value

W (7.78N) 28 ozf
WwY/z (13.34N) 48 ozf
WY/S (13.34 N) 48 ozf

WX (0.56 N-m) 80 ozf-in.

In this table the variables are defined as follows:

W is the weight of the product in N (ozf) and is considered to be a force equal to the product mass in kg (0z) as measured
on a scale or balance.

Y is the distance, in mm (inches), illustrated in Figure 6.1.1.
Z is the shorter distance, in mm (inches), of Z, or Z, illustrated in Figure 6.1.1.
S is the shorter distance, in mm (inches), or S; or S, illustrated in Figure 6.1.1.

X is the shorter distance, in mm (inches), of X; or X, illustrated in Figure 6.1.1.
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Figure 6.1.1

Dimensions of a plug-in product
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Figure 6.1.2

Parallel duplex receptacle
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6.1.5 Each field wiring terminal lead mentioned in 5.9.4 is to withstand a tensile force increased gradually
to 89 N (20 Ibf), and maintained at that value for five minutes.

6.1.6 In order to determine that the strain of pulling on the power-supply cord mentioned in 5.10.4 will not
be transmitted to the cord terminations, a tensile force is to be applied to the cord and increased gradually
to 156 N (35 Ibf). The force is to be maintained at 156 N (35 Ibf) for one minute.

6.1.7 The power-supply cord of a portable GFCI having a permanently attached cord mentioned in
5.10.12 shall be subjected to a pull equal to three times the weight of the equipment. The test shall be
repeated ten times with the pull being applied each time for 1 s without jerks. The strain relief shall be
judged to comply with the Standard if the cord has not been displaced by more than 2.4 mm (0.094 in) and
there is no evidence of any strain being imposed on the wiring connections.

6.1.8 In orddr to determine compliance with the provisions of 5.9.8, a wire-binding screw ¢r nut is to be
tightened on alconductor selected in accordance with the provisions of 5.9.1 to a torque-of 23 N-m (20 Ibf-
in) without caysing displacement of the wire or damage to the terminal assembly of the wire. [Except where
the configuratipn of the terminal assembly does not permit it, or markings allow the use of unformed wire,
the wire is to be formed into a 3/4 loop that will just be accommodated by the:assembly, before tightening.

6.2 Polymeric enclosures
6.2.1 General

6.2.1.1 A polymeric enclosure, or a polymeric part of an enclosure of a ground-fault cirquit-interrupter
shall comply with the Standard for the polymeric enclosure-as specified in Annex A, Ref. Nd. 9, except as

noted in 6.2.1.p.

6.2.1.2 For @ direct plug-in ground-fault circuit-interrupter, the crushing test shall be [conducted in
accordance with Annex A, Ref. No. 1.

6.2.1.3 An adhesive used in the assembly of a ground-fault circuit-interrupter shall comply with the
applicable requirements for adhesives in accordance with the applicable requirements in Annex A, Ref.
No. 10, excep{ as noted in 6.2.1.4:

6.2.1.4 Methpds utilizing,_fusion techniques, such as solvent cementing, ultrasgnic welding,
electromagnetjic induction, and thermal welding need not be investigated.

6.2.2 Thermpl stability — enclosures made of nonmetallic material

6.2.2.1 Enclosures or parts thereof of nonmetallic material shall comply also with the requirements of the
thermal stability testin 6.2.2.2 - 6.2.2.3.

6.2.2.2 A sample of the enclosure shall be subjected to a temperature 10°C higher than that attained by
the enclosure under normal operating conditions, but in no case less than 70°C for a period of 7 h.

6.2.2.3 The enclosure shall be judged to comply with the requirements if any distortion of the enclosure
neither impairs the operation of the interrupter nor results in failure to comply with requirements for
Accessibility of energized parts, Clause 5.7.
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6.3 Enclosure and housing — performance

6.3.1 Except as specified in 6.3.2, a permanently connected ground-fault circuit-interrupter is to be
subjected to an externally applied impact of 6.8 J (5 ft-Ibs) applied by way of a solid, smooth, steel sphere
50.8 mm (2 inches) in diameter.

6.3.2 Receptacle-type ground-fault circuit-interrupters are to be subjected to a 0.91-m (3-ft) drop test
onto a concrete floor. The method of doing the test shall be in accordance with the provisions of 6.3.5.

6.3.3 The sphere mentioned in 6.3.1 is to be allowed to fall freely from rest through the distance required
to cause the specified impact upon the surface under test. For surfaces other than horizontal, the sphere
may be suspended by a cord and allowed to fall as a pendulum through the required distance. The

ground-fault ¢
same vertical

6.3.4 The gound-fault circuit-interrupter shall be judged to comply with the requirements if

still complies
prevent the 1
specified by §
indicates that

6.3.5 Acord
different part
position likely
position by s

6.3.6 The h
groove oak flg
m (4 ft.) on a §

6.3.7 Devicg¢ compliance shall be verified by the test sequence in Representative devices,

6.3.8 Arepr|
being installe
requirements

6.3.9 In adg
installed in an
with the Spill ]

ircuit-interrupter is to be placed against a vertical wall with the surface toh¢
plane as the point of support of the pendulum.

with the requirements for Accessibility of live parts, Clause 5.7, there is
ormal use of switches, spacings specified have not been reduced below
pacings, Clause 5.12, and actuation of the test means orthe’external applic
the interrupter operates correctly.

-connected or portable device is to be allowed to fall from a height of 0.91 m (3
will strike a hardwood surface in each of three drops. Doors or covers are to be

in normal service providing that a captive door or cover is not forced to
Ime means not part of the ground-fault circuit<interrupter.

hrdwood surface mentioned in 6.3.5¢s 'to consist of a layer of nominal 1-inG
oring mounted on two layers of 19-mm (3/4-inch) plywood. The surface isto b
5ide. The assembly is to rest onva.concrete floor or the equivalent.

bsentative device which is capable of being used as a ground-fault circuit-inte
d in an additional_enclosure, shall be tested in accordance with the applica
in Annex A, Ref-No. 4 and Annex A, Ref. No. 3. See 5.4.2.

ition to the requirements of 6.3.8, a GFCI that is capable of being used
additional enclosure, and is intended for installation in a countertop shall addit
[estof Clause 6.30.

b tested in the

the enclosure
no damage to
the minimum
ation of a fault

ft) such that a
moved to any
remain in any

h tongue-and-
e a square 1.2

Clause 6.4.

rrupter without
ble enclosure

without being
ionally comply

6.3.10

If a GFCI as mentioned in 6.3.9 is retractable into its enclosure, the device shall be subjected to

the Mechanical Endurance Test of Clause 6.29 prior to being subjected to the Spill Test of Clause 6.30.

6.3.11

accordance with the applicable requirements for gaskets and seals in Annex A, Ref. No 4.

6.4 Representative devices

6.4.1

Gaskets, seals or similar devices used to prevent the entry of spilled liquids shall be tested in

A representative ground-fault circuit-interrupter that has been conditioned as described in 6.5.7

and then subjected to the Leakage current test, Clause 6.5, shall at any convenient time and in the
following order comply with the requirements for impact as described in 6.3.1 or 6.3.5, Voltage surge,
Clause 6.6, High-resistance ground-fault, Clause 6.7, and Dielectric voltage withstand, Clause 6.11.
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6.4.2 Separate, unconditioned representative ground-fault circuit-interrupters shall be subjected to each
of the tests in Clause 6, except as noted in 6.4.1. For tests and test sequences, see Table 6.4 for typical

test program.

Table 6.4

Representative device test program?

Representative device number

Portable GFCI Permanently connected

Test Clause GFCI
Visual inspection 6.22 1° 10
Humidity 6.5.7 1 1
Leakage current] 6.5 1 1
Ball impact 6.3.1 - 14
Drop impact 6.3.5 1 -
Voltage surge 6.6 1 1
High resistance ground fault 6.7 1 1
Open neutral 6.7.2.1(c) 10 -
Most adverse 6.7.3.4 1° 10
Trip threshold 6.7 1 1
Trip times 6.7 1 1
Grounded neutrgl 6.7.4 1 1
False tripping 6.8 1° 10
Dielectric 6.11 1 1
Overload 6.12 2 2
Low resistance ground fault 6.13 3 3
Endurance 6.14 4 4
Dielectric 6.11 4 4
Abnormal 6.15 c c
Extra low resistance ground fault 6.18 56 5,6
Short circuit 6.19 7 7
Dielectric 6.11 5-7 b-7
Normal temperajure 6.10 8 8
Immunity to condlucted 6.9 9 9
disturbances, inducedby Rffretds
Surge current 6.16 10-12 10-12
Abnormal overvoltage 6.17 13-17 13-17
Corrosion 6.21 18 18
Reverse line-load miswire 6.23 - 19¢
Reverse line-load miswire — 6.24 - 19°¢
repeated
Supplemental voltage surge 6.25 19° 20°
immunity
Operating mechanism 6.26 20 21
GFCl end of life 6.27 21 22

Table 6.4 Continued on Next Page
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Table 6.4 Continued
Representative device number
Portable GFCI Permanently connected
Test Clause GFCI

GFCl receptacle temperature 6.28 - 23°
Auto-monitoring function 6.31 - 24 - 30°
Mechanical endurance 6.29 - 317
Spill 6.30 - 32-37f

device.

2 This table does not include construction requirements or enclosure tests. With the agreement of all concerned, fewer
representative devices may be used, except where tests are required to be performed on a previously untested representative

b Separate repr

4 Receptacle ty
¢ Receptacle ty

f Countertop typ

bsentative devices may be used for these tests

¢ As many reprgsentative devices as necessary

e ground-fault circuit interrupters are subjected only to the drop impact test per 6.3.2
e ground-fault circuit interrupters only

e retractable ground-fault circuit interrupters only

6.5 Leakage current test

6.5.1
6.5.7.

The le

a) Thg
surfac
have |
Ref. N

b) If
conne
compd

6.5.2 All acq
accessible pa

6.5.3 If a cd

akage current of a ground-fault circuit-interrupter.is' to be tested in accordanc

leakage current with the test voltage applied between the supply circuit 3
bs shall be no more than 0.5 mA. In thelU.S., transient voltage surge suppress
igher leakage if they comply with the’performance and marking requiremen
p. 11.

portable GFCI has electronic components (e.g. a transient voltage surg

cted between line and/ground, the leakage current shall be measured
nents.

essible parts of-a_ground-fault circuit-interrupter are to be tested for leakage
rts are to be tested individually, collectively, and from one part to another.

nductive ‘surface other than metal is used for the enclosure or part of the

leakage currgnt is<to be measured using metal foil with an area of 10 cm (3.94 inch

(7.87 inches)

e with 6.5.2 —

nd accessible
pr circuits may
s of Annex A,

e suppressor)
hrough these

currents. The

enclosure, the
es) by 20 cm
nes) by 20 cm

in‘contact with the surface. Where the surface is less than 10 cm (3.94 inc

$ol £ to to bt o aatrfana Tha pmantal £ 1o At

(7.87 inches),+h

openings and

Aamata ame-—ciza-ac =i
T tar o 1o (O DT OiC—SaltiCoSIiZCasS aric- osurracC T e Thctar rfom S 1ot to

is not to remain in place long enough to affect the temperature of the sample.

pressed into

6.5.4 The measurement circuit for leakage current of a cord-connected device is to be as shown in
Figure 6.5.4.1. The measurement instrument is defined in items a — d of this paragraph. The meter that is
actually used for a measurement need only indicate the same numerical value for a 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

0.15p

F.

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

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 to the ratio of the impedance of a
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1500-Ohm resistance, shunted by a 0.15-uyF capacitance, to 1500 Ohms. At an indication of 0.5
mA, the measurement is to have an error of not more than five percent at any frequency within the
range of 0 — 100 kHz.

d) Unless the meter is being used to measure leakage from one part of the sample to another, the
meter is to be connected between the accessible parts and the ground supply conductor.

Figure 6.5.4.1

Leakage-current measurement circuits

PRODUCT METER

120V

St ‘; INSULATING

TABLE
GROUNDED SUPPLY CONDUCTOR B

PRODUCT METER

sl
5 17

~ INSULLATING
TABLE

S1

GROUNDED SUPPLY CONDUETOR B

NOTE:

A — Prpbe with shielded lead.
B — Separated and used as clip when measuring currents from one part of the device to another.

LC201E

6.5.5 A pernmjanently,conhected ground-fault circuit-interrupter is to be connected to the supply by way of
the line terminpls of the-device, and tested in the same manner as a cord-connected device.

6.5.6 A sampleZof the ground-fault circuit-interrupter is to be tested for leakage current after the
conditioning described in 6.5.7. If removed from the humidity chamber the testing is to start within one
minute after its removal. The grounding conductor of a cord-connected unit is to be open at the supply
receptacle and the grounding conductor of a permanent connected unit is not to be used. The supply
voltage is to be adjusted to 110 percent of the rated voltage. The test sequence, with reference to the
measuring circuit in Figure 6.5.4.1, is as follows:

a) With switch S1 open, the sample is to be connected to the measurement circuit. The leakage
current is to be measured using both positions of switch S2 and if physically possible with the
sample switching devices in all their positions.

b) Switch S1 is then to be closed, energizing the sample, and within a period of five seconds, the
leakage current is to be measured using both positions of switch S2 and with the control settings
varied throughout the operating range.
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c) Leakage current is to be monitored at intervals necessary to determine the maximum leakage
current, with additional measurements being taken until such time as thermal equilibrium is
attained. Both positions of switch S2 are to be used in determining this measurement.

6.5.7 The conditioning mentioned in 6.5.6 and 6.4.1 is exposure to air at a relative humidity of 93 +2
percent at a temperature of 32.0 £2.0°C (89.6 +3.6°F). The ground-fault circuit-interrupter is to be exposed
to ambient air at a temperature of at least 30°C (86°F) until thermal equilibrium is attained before placed in
the test chamber. Devices are kept in the chamber for 168 hours, except as noted in 6.5.8.

6.5.8 Devices restricted for indoor use are kept in the chamber for 48 hours.

6.6 Voltage

surge test

6.6.1 Genel

6.6.1.1 The

representativg¢ ground-fault circuit-interrupter shall be subjected to the following/surge tests

with the seq
immunity test
tested as spe
the Suppleme

6.6.1.2 The
lead or term
conductor ser
load connect
enclosure for|
situation for th

6.6.2 Unwa

6.6.2.1 One
random appli
three controll
voltage wave

6.6.2.2 The
generator, the

al

lence described in Clause 6.4.1: Unwanted tripping test,"Clause 6.6.2 3
Clause 6.6.3. Previously untested representative ground-fadlt circuit-interrd

ntal voltage surge immunity test, Clause 6.25.

ground-fault circuit-interrupter is to be connected\to a supply of rated voltage.
nal of the ground-fault circuit-interrupter (if provided) is to be connected
ving as the neutral. The ground-fault circuitiinterrupter is to be in the "on" co
bd. GFClI's that are intended only for use in enclosures shall be tested in
the tests referenced in 6.6.1.1. The’énclosure shall be representative of t
e tests.

hted tripping test (ring wave)

representative ground-fault circuit interrupter shall not trip after being su
ations or three controtled applications of a 3 kV surge applied at 60 second ir
bd applications-are employed, one application is to be essentially at zero
one at the pasitive peak, and one at the negative peak.

waveform of the surge is to be essentially as follows:

line side terminals of the Line-Neutral and Line-Line terminals that are protected by the

in accordance
nd the Surge
pters shall be

Cified in the Surge current test, Clause 6.16, the Abnormal-overvoltage test, Clause 6.17, and

The grounding
to the supply
hdition with no
their intended
he worst case

bjected to ten
tervals. When
of the supply

surge denerator is to have a surge impedance of 50 ohms. When there is no load on the

pl rise time 0.5 microseconds between 10 Im:rm:n‘r and 90 Inprm:nf of Inp:uk amy

litude,

a) Initi
b) The

c) Eac

6.6.2.3 Figu

period of the following oscillatory wave, 10 microseconds, and

h successive peak, 60 percent of the preceding peak.

re 6.6.1 and Figure 6.6.2 show a typical surge generator and control relay.

6.6.3 Surge

6.6.3.1

immunity test (combination wave)

without demonstrating, either during or after testing:

The GFCI subjected to the Unwanted tripping test shall be subjected to the Surge immunity test

a) Emission of flame, molten metal, glowing or flaming particles through any openings (preexisting
or created as a result of the test) in the product,
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b) Ignition of the enclosure, or

c) Creation of any opening in the enclosure that results in accessibility of energized parts, when
judged in accordance with Accessibility of energized parts, Clause 5.7.

6.6.3.2 The test method is to be conducted in accordance with the testing methods described in IEC
61000-4-5 Electromagnetic Compatibility (EMC) Part 4-5: Testing and Measurements Techniques — Surge
Immunity Test.

6.6.3.3 The surges shall be applied at phase angles of 90 and 270 electrical degrees.

6.6.3.4 Only the surge impulse test levels in Table 6.6.3.1 shall be used.

Table 6.6.3.1
Surge impulse test level

Impulse ?

Peak voltage (kV, Peak current (kA,)
4 2

@ Combination 1J2/50 s, 8/20 us Voltage/Current surge waveform. For specifications,and tolerances, refer to IEC §1000-4-5,
Electromagnetic|Compatibility (EMC) — Part 4-5: Testing and Measurements Techhnigqles — Surge Immunity Test.

6.6.3.5 The GFCl is permitted to trip during surge immunity testing. If the GFCI trips, it is to[be reset prior
to the next surpe application.

6.6.3.6 After| this test the same GFCI shall cemply with the High-resistance ground [fault and the
Dielectric voltgge withstand tests.
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C1
C2
C3

L1

L2

Figure 6.6.1

Surge generator circuit
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(.025 pf, 10 Kv R1 = 22 Ohmw, 1 W, composition
Q.02 pf, 10 Kv R2 = 12 Ohms, 1W, composition
4 uf, 400v R3 = 1.3M Ohms (12 x 110K Ohms, [1/2 W)
R4 = 47K Ohms (10 x 4.7K Ohms, 1/2 W)
15 ph [23 turns, 0.258 mm? R5 = 200 Ohms, 172 W
(B3 AWG wire), 18 mm (0.7
ihch) diameter air core]
10 uH [28 turns, 0.258'mm" CR-1 = Relay
(B3 AWG) wire, 66 MM (2.6
inch) diameter air'Core]
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Figure 6.6.2
Relay control circuit for surge generator
R1 D1
Dy %CR—1
T
o ML
120 V CRO GATE
60 Hz g INPUT
Cr A~ SCR1
o R3
1:1
50VA
R2
SB1293
@
R1 = 10K Ohms, 1 W
R2 = 1K Ohms, 12 W
R3 = 1K Ohms, 12 W
C1 = 32 yF, 250V
D1 = IN5060 or equivalent
D2 = IN5060 or equivalent
SCR1 = GE C122B or equivalent
CR-1 = Relay GE CR.2790 E 100
A2 or equivalent
T1 = Triad/N4S X or equivalent
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6.7 High-resistance ground fault
6.7.1 General

6.7.1.1 A Class A ground-fault circuit-interrupter shall be capable of interrupting the electric circuit to the
load when the fault current to ground | is within the range of a minimum of 6 mA through a maximum of
(110% of rated V to ground) X (1000/500) mA within the time interval T in accordance with the relationship:
A0\ 143
T= (&)

I

in which:
T is expressed in seconds, and

| is expressed in milliamperes.

6.7.1.2 The time relationship in 6.7.1.1 shall also be met if the grounded cenductor becomgs grounded at
a point in the |oad circuit of the ground-fault circuit-interrupter.

6.7.1.3 Interruption of the electric circuit to the load shall not také place if the fault current is less than 4
mA, or 3.5 mA if the ambient air temperature is less than -5°C (23°F) or more than 40°C (104°F).

6.7.1.4 The|performance of any ground-fault circuit-interrupter shall not be impaired py any of the
following:

a) Anyl mounting positions.

b) Any| cover position likely to occur.

c¢) Anylelectrical load within the rating of the interrupter.

d) Anylambient temperature between -35°C (-31°F) and 66°C (151°F).

e) Om|ssion of grounding.conductor.
6.7.2 GFCI ¢haracteristics

6.7.2.1 A pgrtable;ground-fault circuit-interrupter shall comply with the provisions of 6.7.1.1 with and
without one of moré of the following defects in its power-supply cord:

a) The ungrounded and grounded conductors transposed at the attachment plug terminals.
b) An open circuit in the grounding conductor.
¢) An open circuit in any one power conductor.

d) Except if normal operation of the supervisory circuit would provide an indication of trouble, the
ungrounded and grounding conductors of the power-supply cord transposed at the attachment plug
terminals.

e) For devices having more than one ungrounded conductor, an open circuit in any one
ungrounded conductor.

6.7.2.2 A permanently connected ground-fault circuit-interrupter shall comply with the provisions of
6.7.1.1 with and without one or more of the following defects in its power-supply:
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a) The ungrounded and grounded conductors transposed at the line terminals.
b) An open circuit in the grounding conductor.
c) For devices having more than one ungrounded conductor, an open circuit in any one
ungrounded conductor.

6.7.2.3 In order to determine compliance with the provisions of 6.7.1.1 — 6.7.2.2, a ground-fault circuit-

interrupter is to be connected as shown in Figure 6.7.2.1 and tested as described in 6.7.3.1, in the
sequence of steps described in Table 6.7.2.1.

Table 6.7.2.1
Test sequence for high-resistance ground faults and false tripping
Ambient air terhperature? Operating parameters Remarks
1. 25.0 £5.0°C No voltage applied Establish thermal equilibrium.with at least|{two hours of
(77.0 £9.0°F) exposure. Do not test.
2. 25.0 £2.0°C Most adverse® Test per 6.7.2.3 and\6.8.2 as soon as possible to
(77.0 £3.6°F) minimize self-heating.
30 66.0 +2.0°C Rated voltage® and current Establishdhermal equilibrium with at least|{two hours of
(150/8 +3.6°F) exposure. Do not test.
4> 66.0 +2.0°C Most adverse® Testper6.7.2.3 and 6.8.2.
(1508 +3.6°F)
5.° 40.0 +2.0°C Rated voltage® and current Establish thermal equilibrium with at least|two hours of
(1040 £3.6°F) exposure. Do not test.
6.° 40.0 £2.0°C Most adverse® Test per6.7.2.3 and 6.8.2.
(1040 £3.6°F)
7. 25.0 £5.0°C No voltage applied Establish thermal equilibrium with at least|{two hours of
(77.9 £9.0°F) exposure. Do not test.
8. -35.p +2.0°C No voltage:applied Establish thermal equilibrium with at least|two hours of
(:3143.6°F) exposure. Do not test.
9. -35.p £2.0°C Most adverse® Tests per 6.7.2.3 and 6.8.2 as soon as possible to
(-31+3.6°F) minimize self-heating.
109 -5.0 £2.0°€ No voltage applied Establish thermal equilibrium with at least|two hours of
(233 6°F) exposure. Do not test.
114 -5.0+£2.0°C Most adverse® Tests per 6.8.2 as soon as possible to minimize self-
(23 43.6°F) heating.
12. 25.0£5.0°C Rated voltage® and current Establish thermal equilibrium with at least two hours of
(77.0 £9.0°F) exposure. Do not test.
13. 25.0 £5.0°C Most adverse® Test per6.7.2.3 and 6.8.2.
(77.0 £9.0°F)

2 The ambient air temperature is to be changed to each value shown without intentional delay.

® In the event that a ground-fault circuit-interrupter is self-protecting such that it trips at this ambient temperature, lower values of
load current are to be employed, until the device just continues to operate. The thermal protection may be circumvented for the
purposes of this test.

¢ This test is not to be performed if steps 3 and 4 have been performed employing rated current.

Table 6.7.2.1 Continued on Next Page
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Table 6.7.2.1 Continued

Ambient air temperature® Operating parameters Remarks

9 This test is not to be performed if product does not trip with less than 4 mA in step 9.

¢ For "most adverse" operating parameters, see 6.7.3.3 and 6.7.3.4.

fSee Table 7.2.1 for rated voltage and corresponding marked values.

Figure 6.7.2.1

High-resistance ground-fault test circuit

TEST SAMPLE
o o/o—c o o/o o) o)
S S S
1 4 2
LINE LOAD —
O Q o O
GROUNDED
SUPPLY s. &
CONDUCTOR 3
R
B
N
SAQ796 A)

S, — Integral on-dff or other operating-switch (not test switch)

6.7.3 High-resistance/ground fault test

6.7.3.1 In performing the test mentioned in 6.7.2.3, the resistance R is to be varied to pbtain the test
values of curant to be indicated by meter A. The sum of Rg and the resistance of meter A ig to be not less
than 500 ohms. The test values of current are to include the minimum specified and the maximum possible
and one or two additional values as may be considered necessary to assure compliance with the
provisions of 6.7.1.1 — 6.7.2.2. Ten measurements of current duration are to be made for each mode of
operation described and for each value of test current selected. The average of each group of ten is not to
exceed the time allowed. Individual measurements may exceed the time allowed provided that such
measurements do not exceed 125 percent of the time allowed. The modes of operation noted in are to be
performed. For ground-fault circuit-interrupters intended to be used on 120/240 V circuits or 127/220V, the
resistance is to be connected between each ungrounded load terminal, in turn, and the grounded
conductor of the supply.
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Table 6.7.3.1
Modes of operation

Precondition of circuit Action that starts ground-fault current

Switch S, closed Switch S, is to be moved (1) in one continuous motion to its extreme position, and
Switch S, closed (2) to the position at which the current just starts, and the operating handle held in
witeh 5, close that position.

Switch S; closed

Switch

S, open

B Switch
Switch
Switch

S, open
S, closed

S closed
3

Switch S; closed.

Switch

S, closed

Cc Switch
Switch
Switch
Switch

S, closed
S, open
S5 closed

S, closed

Switch S, closed.

D Switch
Switch
Switch
Switch

S, closed
S, closed
S; open

S, closed

Switch S; closed @

& In obtaining thd
and (2) preset fo

minimum value of current specified for the rated class, Rg is to be (1) decreased gradually until tri
I the desired value.

bping occurs,

6.7.3.2 Itma
of current in re
energized in r

y be necessary to prevent tripping of\the device under test while adjusting for
sistance Rg. Care should then be-taken to assure that components that are no
ormal operation should not be caused to be continuously energized during the adjustment

procedure. Atfempts to bypass one or.more poles of the device will usually produce

described.

6.7.3.3 Inde
parameters dg
a combination
interrupter, at
learned from (
other tests.

termining the "mest.adverse" conditions mentioned in Table 6.7.2.1, each of
scribed in items (a) — (d) of this clause is to be varied as described in 6.7.3.4
, if any, conSidered to be most adverse to the tested function of the groun
oom-temperature ambient. The "most adverse" condition of an operating para
perating a representative device. This representative device need not be sul

arious values
t continuously

the condition

the operating
0 as to obtain
d-fault circuit-
meter is to be
bjected to any

a) LINEMOEAGE—Theclosed-cireuitlineveltageisto-be-adjusted-withintherange of 85 — 110
percent of rated voltage, at rated load, with the cover(s), if any, of the device closed, and with the
device supported in its marked mounting position. If no mounting position is marked on the device,
any one position that is considered normal for the device is to be arbitrarily selected. The line
voltage to the device is to be obtained from a source having sinusoidal waveform and free from any

measurable transient voltage rises or dips.
b) LOAD — The load may have any value of current up to rated and is to be resistive.

¢) SUPPLY POLARITY — "Normal polarity" is when the representative device is connected as
intended. For a 120 volt device the ungrounded supply conductor is connected to the hot terminal,
the grounded supply conductor is connected to the white terminal. "Reverse polarity" would be
when these connections are transposed.

d) MOUNTING POSITION — Except for a permanently connected ground-fault circuit-interrupter
marked to specify a mounting position, the device is to be placed in different positions. The
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mounting position of a permanently connected device that is marked to specify a mounting position
is to be varied from the marked mounting position by no more than 10 degrees (for a total range of
20 degrees). Rated load is to be connected and the cover(s), if any, of the device are to be closed.

6.7.3.4 Procedure for determining the "most adverse" parameters in a 25°C ambient:

a) Step 1 — Establishing most adverse "Line Voltage" — Start with the device in a normal mounting
position, no load, normal supply polarity. Make ten readings of trip time for each of the following
conditions. Use switch S; ( Table 6.7.3.1 mode B) to turn on the power. Set line voltage at 85% of
rated. Test ten times with a 6 mA fault. Test ten times with a 500 ohm fault. Set line voltage at 100%
of rated. Test ten times with a 6 mA fault. Test ten times with a 500 ohm fault. Set line voltage at
110% of rated. Test ten times with a 6 mA fault. Test ten times with a 500 ohm fault.

b 1a — Average the trip times for each condition. The "most adverse" conditkon will be the
t average percentage of the allowable trip time (see equation in 6.7.1.1) forithe fault that was

b) Ste
higheg
used.

£ in a normal
hormal supply
itch S; (Table
s with a 6 mA
fault. Test ten

c) Ste
mount
polarit
6.7.3.]
fault.
times

p 2 — Establishing most adverse "Load Condition" — Start with"the devic
ng position, most adverse line voltage condition determined. from step 1,

. Make ten readings of trip time for each of the following,conditions. Use s\
| mode B) to turn on the power. Connect maximum rated’load. Test ten time
est ten times with a 500 ohm fault. Disconnect load. Jest ten times with a 6 mA
ith a 500 ohm fault.

d) Step 2a — Average the trip times for each conditien. The "most adverse" condifjon will be the
highedt average percentage of the allowable trip time for the fault that was used.

e) Stgp 3 — Establishing most adverse "Supply Polarity" — Start with the devicg in a normal

mountjng position, most adverse line voltagé’ condition determined from step 1, mos
condition from step 2. Make ten readings of trip time for each of the following ¢
switch|S; (Table 6.7.3.1 mode B) to turn“on the power. Connect with "Normal supply
ten ti
polarity" — Test ten times with a6;mA fault. Test ten times with a 500 ohm fault.

f) Step 3a — Average the.{rip times for each condition. The "most adverse" condit
highegt average percentage of the allowable trip time for the fault that was used.

g) Step 4 — Establishing most adverse Mounting Position — Start with the devic
mountjng position, most adverse line voltage condition determined from step 1, mos
condition fromrstep 2, most adverse supply polarity from step 3. Make ten readings

t adverse load
bnditions. Use
polarity" — Test

es with a 6 mA fault. Testden times with a 500 ohm fault. Connect with "Reverse supply

on will be the

e in a normal
t adverse load
of trip time for

each ¢f the following conditions. Use switch S; (Table 6.7.3.1 mode B) to turn on tH

e power. With

in)'Normal Mounting Position" No. 1 — Test ten times with a 6 mA fault. Test t¢n times with a
500 ohm fault. With sample in each possible mounting position No. 2, 3, 4, 5, and 6 as necessary —
Test ten times with a 6 mA fault. Test ten times with a 500 ohm fault.

h) Step 4a — Average the trip times for each condition. The "most adverse" condition will be the
highest average percentage of the allowable trip time for the fault that was used. At this point the
most adverse voltage, load, polarity, and mounting position have been determined. Other
variables, such as cover position and grounding may also be considered in the same manner.

6.7.4 Grounded neutral test

6.7.4.1 In determining compliance with the provisions of 6.7.1.2, the representative device is to be
connected as shown in Figure 6.7.4.1 and tested in the sequence of steps described in Table 6.7.2.1 as
described in 6.7.4.3 for the highest and lowest values of Ry and Rg (see Table 6.7.4.1) which are
appropriate for the ratings of the representative device. For example, for a representative device rated
maximum 20 A, minimum 15 A, 3.307 mm? (12 AWG) or 2.082 mm? (14 AWG) wire may be used so the


https://ulnorm.com/api/?name=UL 943 2023.pdf

40 NMX-J-520-ANCE ¢ CSA C22.2 No. 144.1-16 # UL 943 SEPTEMBER 5, 2023

lowest value of Ry and Rg is 0.008 ohms. The highest value of Ry and Rg would be 0.4 and 1.6 ohms.
These are the values that would be used for testing. The tests are to be conducted both with R, open and
with R| adjusted for rated current. The test voltage shall be the most adverse as determined in 6.7.3.3 —
6.7.3.4.

6.7.4.2 When testing as described in 6.7.4.3, additional values of current indicated by meter A and in
resistance R, and other values of resistances Ry and Rz may be employed if necessary to determine
compliance with the provisions of 6.7.4.1. Such other values are to be in accordance with the rating of the
product and the cable constructions represented in Table 6.7.4.1. Ground fault current values of 6 mA and
most adverse voltage divided by 500 ohms are suggested.

6.7.4.3 Grounded neutral trip test procedure (Except as noted in 6.7.4.4):

a) Select the combination of Rg and Ry from Table 6.7.4.1 as required.
b) Open S; and S,. Close Sy and S,.
¢) Using ammeter (A), set the current to 6.0 mA by adjusting Rg.

d) With S, and S, open and S; closed, close S;. If the device tripsy.trip’time need not e recorded. If
the deyice does not trip close S, and record trip time. Repeat 10 times.

e) Repgat step (d) with S, closed, S5 closed, and close S,and'record trip time.

f) With[ S, and S, open and S, closed, close S; and)if the device trips, trip time| need not be
recorded. If the device does not trip close S, and record trip time. Repeat 10 times.

g) Repegat procedure (a) — (f) for the combinations of resistors from Table 6.7.4.1 which apply.

h) Repgat procedure (a) — (g) with S, closed (which would switch on the load) and wjith R, = to full
load current.

6.7.4.4 When testing devices which require that manual setting be activated, the manual $etting means
will be considgred as S;.
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Figure 6.7.4.1

Supplementary high-resistance test circuit

S1
L O oo Device
N O Under
Test A
G O
[e]
- Rg ~ |52
S3
Note: S1 is an external switch.
S3736A
Fable 6.7.4.1
Resistance in OHMS?
AWG copper wire size of field wiring®
2.082 mm?
(14 AWG) -
3.307 mm? 5.26 mm? 8.367 mm? 13.30 mm? 21.15 mm?2
Combination (12 AWG) (10 AWG) (8 AWG) (6 AWG) (4 AWG)
Ry Re Ry Rg Ry Re Ry Re RN Re
1 0.008 0.008 0.005 0.005 | 0.0032 | 0.0032 | 0.002 0.002 0.g013 | 0.0013
2 0.08 0.20 0.05 0.13 0.0320 | 0.0833 | 0.021 0.053 0p13 | 0.0337
3 0.4 1.0 0.25 0.65 0.1601 0.4763 0.103 0.267 0.065 0.168
4 0.008 0.032 0.005 0.028 | 0.0032 | 0.0179 | 0.0021 | 0.0115 | 0.0013 | 0.0073
5 0.08 0.32 0.05 0.28 0.0320 | 0.179 0.021 0.115 0.013 0.073
6 0.4 1.6 0.25 1.4 0.1601 0.897 0.103 0.574 0.065 0.363

b See 5.8.1.

@ The combinations shown represent discrete lengths and constructions of cable or flexible cord. Resistances Ry and Rg represent
respectively the resistance of the grounded and the grounding conductors of the cable or cord.

6.8 Resistance to false tripping test

6.8.1

load circuits that have:

a) Values of leakage current anticipated in normal service, and

A ground-fault circuit-interrupter shall have necessary resistance to tripping when connected to
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b) Normal transient electrical disturbances such as those caused by switching.

6.8.2 In order to determine compliance with the provisions of 6.8.1, a ground-fault circuit-interrupter is to
be connected as shown in Figure 6.8.1 with the impedance Z described in 6.8.3 and tested:

a) As described in 6.8.4, in each of the steps shown in Table 6.7.2.1, and

b) As described in 6.8.5.

Switches S; and S, shown in Figure 6.8.1 are to be capable of closing with minimum contact bounce, and
opening with minimum clearing time. They may control both conductors if that is more adverse.

6.8.3 Compdnents of Impedance Z are 1o be as indicated in 1able 6.8.1.
Figure 6.8.1
False-tripping test circuit
g TEST SAMPLE S
1
GROUNDING
IN A
LINE TERMINAL LGAD
o—@

GROUNDED Q

SUPPLY

CONDUCTOR

]
S
3%
SAQ798
Table 6.8.1
Impedance (Z)
Components of Z
Ground-fault circuit-interrupter Resistance in ohms Capacitance in microfarads
Portable 80,000 0.012 or none
Permanent 64,000 0.015 or none

6.8.4 The tests mentioned in 6.8.2 are as follows:
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a) Under the "most adverse" conditions described in 6.8.7, the device is not to trip while operating
continuously,

b) Under the "most adverse" conditions described in 6.8.7, the device is not to trip more than three
times in ten operations of each switch S; and switch S,, and

¢) Under the "most adverse" conditions described in 6.8.7, a device is not to trip below the fault
current mentioned in 6.7.1.3. The impedance Z is gradually reduced until the ground-fault circuit-
interrupter trips. The capacitive component of Z is to be disconnected and switches S; and S, are
to be closed. The procedure is to be conducted three times under each of the "most adverse"

conditions.

6.8.5 The tests-mentioned-in-6-8-2are-as-follows:
a) Under the "normal” conditions described in 6.8.6, the device is not to trip morethgan three times
in 100|operations of each switch S; and S,, and
b) Under the "normal” conditions described in 6.8.6, the device is not to)trip more than one time in
ten operations of any switch that is an integral part of the devicesand that contrgls the electric
supply to the load.

6.8.6 Normg3l conditions are to include rated voltage, ground-lead{switch Sg closed, nofmal mounting

position, all d

oors closed and rated load. The voltage waveformis to be sinusoidal and

measurable transient rises or dips.

6.8.7 The"n

host adverse" conditions for this test are différent than those determined in 6.7

free from any

3.3-6.7.34.

For this test the "most adverse" conditions are those that cause the test sample to trip the fastest. The trip

times recorde
one with the
test, capacitiv

d in 6.7.3.4 can be used for this test butfor each step, the most adverse cond
owest average percentage of allowable trip time. One additional parameter
e leakage for which a value of capacitance may be connected or omitted. See |

6.9

6.9.1

Immunity to conducted disturbances, induced by RF fields

The GFCI shall operate nermally (test and reset) after completion of this test and the

any evidence| of a risk of fire.'or)risk of electrical shock. The GFCI shall not trip when sy
applied frequency. The test ‘method described in the Standard for Electromagnetic Comp
Part 4: Testing and Measurement Techniques — Clause 6, Immunity to conducted disturbg
by radio-frequency fields, IEC 61000-4-6, is to be followed. The representative groun

tion will be the
exists for this
Table 6.8.1.

re shall not be
bjected to the
atibility (EMC)
nces, induced
d-fault circuit-

interrupter is fo be subjected to a conducted disturbance at 0.5 V over a frequency range of 150 kHz to 230

MHz.

6.10 Normal temperature test

6.10.1  When carrying rated current and with rated voltage applied, a ground-fault circuit-interrupter shall
not attain a temperature at any point that is sufficiently high to (1) constitute a fire hazard, (2) affect
injuriously any materials used in the device, or (3) exhibit greater rises in temperature at specific points
than indicated in Table 6.10.1, based on an assumed average ambient temperature in normal service of
25°C (77°F). A 120/240 V ground-fault circuit-interrupter is to be connected to a 120/240 V supply, or two
phases of a 120/208 V supply, adjusted to rated voltage of the supply. A 127/220 V ground-fault circuit-
interrupter is to be connected to a 127/220 V supply, adjusted to rated voltage of the supply. Loads are to
be connected to the load terminals to cause the load conductors, including the neutral conductor, to carry
rated current.
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6.10.2 In performing the test described in 6.10.1, parts and circuits that are heated only when there is
ground-fault current are to be continuously heated by providing a value of ground-fault current just low
enough not to cause tripping.

6.10.3 Coil or winding temperatures are to be measured by thermocouples unless access cannot be
gained for mounting a thermocouple (for example, a coil enclosed in sealing compound).

6.10.4 Except at coils, temperature readings are to be obtained by means of thermocouples consisting of
wires not larger than 0.2051 mm? (24 AWG), and 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 not
less than 5-minute intervals, indicate no change. When thermocouples are used in the determination of
temperatures in connection with the heating of electrical devices, it is common practice to employ

thermocouple$ consisting of 0.0507 mm< (30 AWG) iron and constantan wires and a poteptigmeter type of
indicating instfument. Such equipment is to be used whenever referee temperature_Measurements by
thermocouple$ are necessary.
6.10.5 Ambignt air is to be at any convenient temperature within the range of 20,<30°C (68|— 86°F).
Table 6.10.1
Maximum acceptable temperaturefises
Degrees
Materials and components °C °F
1. Varnish¢d-cloth insulation 60 108
2. Fuses 65 117
3. Fiber emiployed as electrical insulation 65 117
4. Wood and other combustible material 65 117
5. Surfaces likely to contact the insulation of field-wiring 35 63
6. A surfage upon which a permanently wired.unit might be mounted in service and 65 117
surfaceg that might be adjacent to the unit when it is so mounted
7. Class 105 insulation systems onwindings of coils:
Thernpocouple method 65° 1178
Resisfance method 85° 1532
Class 130 insulationsystems on windings of coils:
Thernpocouplexmethod 85 153
Resisjanceniethod 105 189
8. Molded phenotic composition 100" 180°
9. Rubber- or thermoplastic-insulated wires and cords 35° 63°
10. Accessible surfaces 35 63
11. Semiconductor junction c c
12. Electrolytic capacitor? 40 72
@See 6.10.3.
® The limitations on phenolic composition and on rubber and thermoplastic insulations do not apply to compounds that have been
found suitable for higher temperatures.
© The temperature T, at a semiconductor junction is related to the power P, dissipated at the junction, the thermal resistance Kyye
from the junction to the cooling medium (generally, the specifications for the semiconductor device will include the thermal
resistance), and the temperature Ty, of that cooling medium, as shown:
Ty=Tu+ (Krue) Py
4 A capacitor operating at a higher temperature may be accepted on the basis of its marked temperature rating.
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6.11 Dielectric voltage withstand test

6.11.1 A ground-fault circuit-interrupter shall be capable of withstanding without breakdown the
application of 48 — 62 Hz essentially sinusoidal potential as indicated in Table 6.11.1.

Table 6.11.1
Dielectric voltage-withstand

Points of application Potential (volts rms)

For all GFCls including portable

Opposite polarity where operating voltage does not exceed 70 500

V peak

Opposite polarify above 70 V peak (FI) 1000 + (2 x Rated V)
Between line ar|d load circuits with GFCI tripped (FI) 1000 + (2 x Rated V)
Between all livelparts and all accessible metal parts including 1000 + (2.x\Rated V)

the ground terntinal (FI)

For portable GFCls

Between line cifjcuits and grounding circuit (Sl) 2500
Between load cfrcuit and grounding circuit (SI) 2500
Between line cifcuit and enclosure or foil (RI) 4000
Between load cfrcuit and enclosure or foil (RI) 4000
Between groundling circuit and enclosure or foil (FI) 1000 + (2 x Rated V)

(FI) = Functiongl insulation
(SI) = Supplemé¢ntary insulation

(RI) = Reinforcqd insulation

Note: Opposite polarity testing will not be possible if electronic circuits are connected to the points in question.

6.11.2 Functional insulation and spacings inherent in a component need not withstand the|test potentials
mentioned in| 6.11.1 if the component in question complies with the requirements applicable to the
component.

6.11.3 In order to determinie compliance with the provisions of 6.11.1, the insulation and sppacings are to
be subjected fo potentials'increased from zero to the values specified and maintained for g period of one
minute. The increase-in the applied potential is to be at a substantially uniform rate and |as rapid as is
consistent with the value of the applied potential being correctly indicated by the voltmeter.

6.11.4 Where the construction of the ground-fault circuit-interrupter is such as to deny access to the
insulation to be tested, suitable subassemblies may be employed.

6.11.5 In the application of test potentials to insulating surfaces, metal foil may be used providing that
care is taken to avoid flashover at the edge of the insulation.

6.12 Overload and motor starting test

6.12.1 A ground-fault circuit-interrupter shall have necessary interrupting capacity and shall not trip as a
result of motor starting.

6.12.2 In order to determine compliance with the provisions of 6.12.1, a ground-fault circuit-interrupter
shall be caused to switch an inductive impedance adjusted for a value of load current equal to six times
the ampere rating of the device and a power factor within the range of 0.45 — 0.50.
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6.12.3 Reactive components of the impedance mentioned in 6.12.2 may be paralleled with each other if
they are of the air-core type. An air-core reactor is to be paralleled with resistance adjusted to dissipate
approximately one percent of the total power dissipated in the impedance without such resistance.

6.12.4 The value of paralleled resistance R in ohms mentioned in 6.12.3 may be obtained by calculation
from the relationship in which E is the closed-circuit voltage at the load and | is the load current in

amperes, without resistance R.

6.12.5 The s

163F
R=——
I
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rounded conductor of the supply circuit and accessible conductiveparts of th
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forming the test mentioned in 6.12.2 the device is to be switched "on" and, afte
except as noted in 6.12.8, at a rate of six cycles per minute for a total of
ept as noted in 6.12.7.
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r one second,
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confirmed by
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In order to determine compliance with the provisions of 6.13.1 the circuit is to be as described in

6.12.5. The resistance R is to be adjusted for a value of current equal to six times the rating of the ground-
fault circuit-interrupter and connected as shown in Figure 6.13.1 so as to simulate a ground fault. The
current is to be initiated 25 times, at intervals of 10 seconds, or longer if necessary to reset the device. The
1-A fuse (shown in Figure 6.13.1) connected to accessible conductive parts of the device shall not open.
Automatic interruption of the fault current is to occur each time in not more than T seconds as determined
in accordance with the equation

)1.43

and the average value of time for the 25 operations is not to exceed

10
v

T 1.25(
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143
T= (E)

V

The quantity V is the value of closed circuit voltage at the line terminals of the device.

Figure 6.13.1

Low-resistance ground-fault test circuit

0 o o

LINE TEST SAMPLE LOAD

3 ‘
GROUNDED SUPPLY
CONDUCTOR 1A%Fuse

SA0799B

6.14 Endurance test

6.14.1 A grdund-faultieircuit-interrupter shall have the necessary capacity for normal operg

6.14.2 In orglerto, determine compliance with 6.14.1, a ground-fault circuit-interrupter is tq

tion.

be caused to

switch an indictive load adjusted for a value of load current equal to the ampere rating of th
power factor within the range of 0.75 — 0.80.

p device and a

6.14.3 In performing the test described in 6.14.2, the device is to be switched "on" and, after one second,

switched "off" at a rate of approximately 6 cycles of operation per minute for 3000 cycles. Th

is test shall be

performed using the supervisory circuit to operate the device. If the GFCI has a manual switching means,

it shall be caused to operate an additional 3000 operations.

6.14.4 Reactive components of the load mentioned in 6.14.2 may be paralleled with each other if they

are of the air-core type. An air-core reactor is to be paralleled with resistance adjuste
approximately one percent of the total power dissipated in the load without such resistance.

6.14.5 The value of paralleled resistance R in ohms mentioned in 6.14.4 may be obtained
from the relationship

d to dissipate

by calculation
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I

R

in which E is the closed-circuit voltage at the load and | is the load current in amperes without
resistance R.

6.14.6 In performing the test described in 6.14.2, the capacity of the supply circuit is to be such as to
allow a closed-circuit voltage not less than 97.5 percent of the rated voltage of the ground-fault circuit-
interrupter. Except when a higher value is agreed to by those concerned, the open-circuit voltage is to be
in the range of 100 — 105 percent of the rated voltage of the ground-fault circuit-interrupter. A 1-A fuse is to
be connected between the grounded conductor of the supply circuit and accessible conductive parts of the

ground-fault ci

rcuit-interrupter. This fuse shall not operate to open the circuit.

6.14.7 Agro
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6.15.3 The cheesectottrmentioned-m6-15-2-stobebteachedcheeseclothrrummimg—=appr

ximately 26 —

28 square meters per kilogram mass (14 — 15 square yards per pound mass), and having for any square
centimeter, 13 threads in one direction and 11 in the other direction (what is known in the trade as a "count
of 32 by 28", that is, for any square inch, 32 threads in one direction and 28 threads in the other direction).

6.15.4 A ground-fault circuit-interrupter operating under abnormal conditions will be considered to have
become a hazard if:

a) There is glowing or flaming of the cheesecloth or tissue paper mentioned in 6.15.2, or
b) There is emission of molten metal, or
c¢) The fuse mentioned in 6.15.2 operates to open the circuit, or

d) Except if the device is likely to be removed from service, there is dielectric failure (see Dielectric
voltage withstand test, Clause 6.11), or
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e) It is possible to touch a part testing with the articulated probe shown in Figure 6.15.1 while there
is a shock hazard at that part (for U.S. and Canada), or (for Mexico, to determine compliance with
6.15.4 item e the articulated probe of Figure 6.15.2 or Figure 6.15.1 shall be used), or

f) There is any other evidence of hazard.

6.15.5 If normal operation of the supervisory circuit after abnormal operation provides an indication of
proper functioning of the ground-fault circuit-interrupter, the device shall be capable of complying with the
applicable provisions of 6.7.1.1 - 6.7.2.2.

6.15.6 A device that is no longer able to complete the electric circuit to the load will be considered likely
to be removed from service.
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Figure 6.15.1
Articulated probe
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Dimensions sho

Figure 6.15.2
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6.16 Surge current test
6.16.1 General

6.16.1.1 Each of three previously untested representative devices of the GFCI are to be subjected to the
Surge current test in 6.16.2.1 — 6.16.4.1 without demonstrating, either during or after testing:

a) Emission of flame, molten metal, glowing or flaming particles through any openings (preexisting
or created as a rest of the test) in the product.

b) Charring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth.

c) Ignitior-efthe-enclosure-

d) Creation of any openings in the enclosure that results in accessibility of liveparts| when judged
in accgrdance with Accessibility of energized parts, Clause 5.7.

6.16.2 Mourjting and installation

6.16.2.1 A GFCI shall be placed on a softwood surface covered with a double layer of whitg tissue paper.
Each GFCI i to be loosely draped with a double layer of cheesecloth. The cheesecloth shall cover
openings (for [example, receptacle openings, ventilation openings)‘where flame, molten metal, or other
particles are npt prohibited from being expelled as a result of thédest. However, the cheesefloth shall not
be deliberately pushed into openings. GFCI’s that are intended.only for use in enclosures shall be tested in
their intended enclosure. The enclosure shall be representative of the worst case situation fof this test.

6.16.3 Surg¢ parameters

6.16.3.1 A plug-in type ground-fault circuit-interrupter is to be subjected to a surge of 6 kV at 3 kKA. A
permanently-gonnected ground-fault circuit-interrupter is to be subjected to a minimum surge¢ of 6 kV at 10
kA. The surge|shall be a combination 1.2/50ps, 8/20us voltage/current surge waveform.

6.16.4 Surge polarity

6.16.4.1 The polarity of the(impulses shall be one positive applied at a phase angle of 90| degrees (+0,
-15) and one negative applied-at a phase angle of 90 degrees (+0, -15).

6.17 Abnormal overvoltage tests

6.17.1 Genefal

6.17.1.1 After being tested as described in Full phase voltage-high current abnormal overvoltage test,
Clause 6.17.2 and Limited current abnormal overvoltage test, 6.17.3, a ground-fault circuit-interrupter shall
not result in any of the following conditions:

a) Emission of flame, molten metal, glowing or flaming particles through any openings (preexisting
or created as a result of the test in the product),

b) Charring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth,
c) Ignition of the enclosure, and

d) Creation of any openings in the enclosure that results in accessibility of live parts, when judged
in accordance with Accessibility of energized parts, Clause 5.7.
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6.17.1.2 The representative devices used for each of the tests described in 6.17.2.1 — 6.17.3.2 are to be
previously untested.

6.17.1.3 The representative GFCI’'s shall be placed on a softwood surface covered with a double layer of
white tissue paper. The orientation of the representative device shall be such as to create the most severe
conditions representative of normal installation. Each representative GFCI is to be loosely draped with a
double layer of cheesecloth. The cheesecloth shall cover openings (for example, receptacle openings,
ventilation openings and any other similar openings) where flame, molten metal, or other particles may be
expelled as a result of the test. However, the cheesecloth shall not be deliberately pushed into openings.

6.17.1.4 Cord-connected, direct plug-in, permanently-connected receptacle, and other ground-fault
circuit-interrupter types intended for connection to common outlet boxes (such as raceways, multiple outlet

assembly typ
6.17.3 in both

6.17.1.5 Wh
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6.17.2.2 with a power factor as specified in Table 6.17.2.3. The ac power source shall have an available
short-circuit (fault) current (Isc) as specified in Table 6.17.2.2. For each representative device, the
overvoltage is to be applied for 7 hours, or until current to, or temperatures within the GFCI attain
equilibrium, or until the GFCI becomes disconnected from the ac supply (due, for example, to open
circuiting of a thermal or overcurrent protective device). See Figure 6.17.2.1.

6.17.2.2 The testing of 6.17.2.1 is not required for an end-product employing a component or
components that have been previously tested and shown not to conduct current nor to exhibit any
condition in 6.17.1.6 when subjected to the maximum phase voltage or twice the conductor pair voltage
rating as specified in Table 6.17.2.1 for the end-product.
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Figure 6.17.2.1

High current abnormal overvoltage
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6.17.2.3 Permanently-connected receptacle and other type GFCls intended for mounting [n boxes shall
be tested in the smallest standard metal:box in accordance with the National Electrical Cod¢, ANSI/NFPA

70.
Table 6.17.2.1
Test voltage selection table
Device rating ? Phase Test voltage (Vac)? Voltage rating of conductor
pair to whiich the test
voltage is to be applied
110 — 1ROV Single 240 NI
110 — 120V/220 — 240V Split 240 110 — 120V
120/208V 3-Wye 208 120V

@ For device ratings not specified in this table, the test voltage shall be the maximum phase voltage (if available) or twice the

conductor pair voltage rating.
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Table 6.17.2.2

Available fault current from source of supply

Permanently connected devices

Cord connected or direct plug-in devices

Rating A Available fault Rating volts Rating, volts times Available fault
current, amperes amperes current, rms
symmetrical amperes
100 A or less 5,000 1175 or less 200
101-400 A 10,000 1176 to 1920 1000
Over 400 A 25,000 250 ac or less 1921 to 4080 2000
4081 to 9600 3500
More than 9600 5000
More than 250 ac 1920 or less 1000
More than 1920 5000

Note: Calibratioh of one complete sinusoidal cycle is the available rms symmetrical fault current.

Table 6.17.2.3
Power factor
Available fault current Power factor
200 A 0.80-1.0
1000 A 0.70-0.80
2000 - 10,000 A 0.40-0.50
10,001 — 20,000 A 0.25-0.30
>20,000 A 0.20

6.17.2.4 Copnection of the test circuitiifi_series with a circuit breaker or time delay non-¢urrent limiting
fuse rated for|the maximum ampacity'ofithe circuit in which the GFCI is to be installed, as gpecified in the
National Elecfrical Installation Code for the country in which the product is to be used, is permitted.

6.17.3 Limited current abnormal overvoltage test

6.17.3.1 Ex¢ept as reted in 6.17.3.2, after being tested as described in this Clause, @ ground-fault
circuit-interruiter shall’ comply with the requirements in 6.17.1.1. Each of four previqusly untested

representativ
having an op

GECls for each combination of conductor pairs is to be connected to an ad power supply
n.circuit voltage equal to the test voltage specified in Table 6.17.2.1. The power supply is to

incorporate a series variable resistor that can be adjusted to obtain the short-circuit current (Isc) specified
below. See Figure 6.17.3.1. No load is to be connected. Except as noted in 6.17.3.3, the variable resistor
is to be adjusted such that Isc equals 5 A for the first representative device, 2.5 A for the second, 0.5 A for
the third, and 0.125 A for the fourth. The four representative devices are to be energized for 7 hours, or
until current to, or temperatures within the GFCI attain equilibrium, or until the GFCI becomes
disconnected from the ac supply (due, for example, to open circuiting of a thermal or overcurrent
protective device). See Figure 6.17.3.1.
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Figure 6.17.3.1

Limited current abnormal overvoltage test circuit

Power Supply
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6.17.3.2 Thig test is not required for an end-product employing a component or componegnts that have
been previoudly tested and shown not te'.conduct current nor to exhibit any condition in §.17.1.1 when
subjected to the maximum phase voltage or twice the conductor pair voltage rating as spegified in Table
6.17.2.1 for th¢ end-product.

6.17.3.3 When this test is pérformed at a current level specified above and results in neithef:
a) Any conditionspecified in 6.17.1.1; nor

b) Operation:ef any overcurrent or thermal device

h h 14 1 oy £4 4 £l o ol H 4l | 1
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6.17.3.4 Permanently-connected receptacle and other type GFCls intended for mounting in boxes are to
be mounted in the smallest standard non-metallic box with faceplate in accordance with the National
Electrical Installation Code for the country in which the product is to be used.

6.18 Extra-low-resistance ground faults test

6.18.1 A ground-fault circuit-interrupter shall withstand extra-low-resistance ground faults followed by the
dielectric withstand test of Clause 6.11.1.

6.18.2 In order to determine compliance with the provisions of 6.18.1, the supply circuit is to have an
open-circuit voltage in the range of 100 — 105 percent of the rating of the ground-fault circuit-interrupter.
The impedance of the supply is to be such as to provide a prospective current (the current that would
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result from short-circuiting the supply terminals) shown in 6.18.3, 6.18.4 or 6.18.5. The 1-A fuse shall not
operate to open the circuit, and there shall be no flaming of the cotton.

6.18.3 Except as described in 6.18.4, in testing a permanently connected ground-fault circuit-interrupter,
the prospective current is to be 5000 A rms symmetrical and the power factor is to be within the range of
0.45-0.50.

6.18.4 In testing a receptacle type ground-fault circuit-interrupter, the prospective current is to be 2000 A
I rms symmetrical and the power factor is to be within the range of 0.90 — 1.0.

6.18.5 In testing a portable ground-fault circuit-interrupter, the prospective current is to be 2000 A rms
symmetrical and the power factor is to be within the range of 0.9 — 1.0.

6.18.6 Each|line terminal of a ground-fault circuit-interrupter is to be connected to the sugply mentioned
in 6.18.2 using 1.2 m (4 ft) of insulated wire, both selected in accordance with Table ‘6.18.1. |A fuse is to be
connected in geries with the ungrounded line conductor. An identical conductor d.2 m (4 ft) in length is to
be connected|between a load terminal and a terminal of the supply so as to represent a grqund fault. The
device is to bg in any position considered to be normal in service. A 1-A fuse is to be conngcted between
the supply tefminal representing the grounded circuit conductor and accessible conductiye parts of the
ground-fault gircuit-interrupter. Surgical cotton is to cover openings,ofithe ground-fault ciruit-interrupter
where flame ay be emitted. See Figure 6.18.1.

Table 6.18.1
Fuse and wire

Ground-fault circuit-interrupter rating, amperes

Cord-copnected Permanently connected Series fuse amperes (mm?) AWG conductor size
- 15 15 (2.082) 14
15 of 20 20 20 (3.307) 12
3 30 30 (5.26) 10
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Figure 6.18.1

Extra-low-resistance ground-fault test circuit
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GROUNDED SUPPLY
CONDUCTOR 1A Fuse

SA0B800H

6.18.7 For a| portable ground-fault circuit-interrupter, conductors are to be attached to the attachment
plug blades of| the device and to a terminalof a receptacle of the device so as not to be disjodged during
the test.

6.18.8 The pfrospective currentis.to be initiated once by means of a switch in the supply cirguit, and once
by means of any control of theground-fault circuit-interrupter, providing that a single sample need not
experience more than one ‘current initiation. The 1-A fuse shall not operate to open the cirquit, and there
shall be no flaming of thé/eotton, both mentioned in 6.18.6.

6.18.9 For GFCls\that employ interrupting contacts that meet 6.7.2.1 (c) and/or (d), where the
prospective cyrrent that is to be initiated by means of a switch in the supply circuit, a contactor with a rated
voltage, 100 A, and a short circuit current rating (SCCR) equal or greater than prospective current in
6.18.4 is to be placed in series in the middle of the fault wire. With the supply circuit ON, the GFCI
interrupting contact closed by “reset” by means of control, the external shorting contactor is to be remotely
closed to introduce the prospective fault current.

6.19 Short circuit test

6.19.1 A ground-fault circuit-interrupter shall withstand short circuits followed by the dielectric withstand
test of Clause 6.11.1.

6.19.2 In order to determine compliance with the provisions of 6.19.1, conditions are to be as described
in 6.18.2 — 6.18.6, except that:

a) The ground fault described in 6.18.6 is not to be connected, and
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b) A 0.51 m (20 inch) length of wire of the same construction as the line conductors is to be
connected between load terminals. See Short-circuit test diagram, Figure 6.19.1.

6.19.3 The test current is to be initiated by means of a switch in the supply circuit. The 1-A fuse shall not
operate to open the circuit and there shall be no flaming of the cotton, both mentioned in 6.18.6.

6.19.4 For GFCls that employ interrupting contacts that meet 6.7.2.1 (c) and/or (e), where the
prospective current that is to be initiated by means of a switch in the supply circuit, a contactor with a rated
voltage, 100 A, and a short circuit current rating (SCCR) equal or greater than prospective current in
6.18.4 is to be placed in series in the middle of the shorting wire. With the supply circuit ON, the GFCI
interrupting contact closed by “reset” by means of control, the external shorting contactor is to be remotely
closed to introduce the prospective fault current.

Figure 6.19.1

Short-circuit test diagram

1&8ST
SAMPLE

TA Fus

D

S39694A

6.20 Dust test

6.20.1 To determine compliance with footnote b in Table 5.12.2.1 and Table 5.12.2.2, six samples, each
mounted in a different mounting orientation, are to be placed, deenergized, in an air-tight chamber having
an internal volume of at least 0.09 m? (3 cubic feet).

6.20.2 A 0.06 kg (two oz) quantity of cement dust, maintained at a relative humidity of 20 — 50 percent
and capable of passing through a 200 mesh screen, is to be circulated for 15 minutes by means of
compressed air or a blower so as to completely envelop the sample in the chamber. The air flow is to be
maintained at an air velocity of approximately 0.25 m/s (50 fpm).
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6.20.3 Following the exposure to dust, the sample exterior shall be carefully cleaned. The sample is then
to be opened and examined for the presence of dust. If there is no evidence of dust within the interior, the
sample can be considered "closed-in" for spacing purposes. See Table 5.12.2.1 and Table 5.12.2.2.

6.20.4 As an alternative to the dust test procedure (cement dust) in 6.20.1 — 6.20.3, a ground-fault
circuit-interrupter may be subjected to the dust test (talcum) for first characteristic numeral 5 as specified
in Table VIl Annex A, reference item No. 14.

6.21 Corrosion test

6.21.1 A ground-fault circuit-interrupter shall operate as intended after being subjected to the corrosive
atmosphere test described in 6.21.2 — 6.21.3. The representative ground-fault circuit-interrupter is to be
tested for trip threshold prior to exposure to the corrosive atmosphere.

6.21.2 One

approximately
be maintained
chamber). Thq
set of wet and

epresentative GFCI is to be placed in a 200 liter or larger test chamber
50.8 mm (2 inches) above the bottom of the chamber. The temperature in the
at 30 +2°C (86 +£3°F) and the relative humidity at 70 +2 percent’/(measured
temperature and humidity are to be checked daily. Because-0f the corrosive
dry bulb thermometers shall be used for measurement of relative humidity.

bn a platform
chamber is to
directly in the
atmosphere a

6.21.3 Thef
air exchange i

(ppb) (parts pg
200 =50 ppb

flow upwards

bllowing gas mixture in air is to be supplied to the chamber at a rate sufficient
h the chamber of about five times per hour, for a périod of 3 weeks: 100 +10 p
r billion = parts per 10° by volume) hydrogen sulfide (H,S) plus 20 +5 ppb chlo

:ritrogen dioxide (NO,). The air inside the chamber is to be circulated by a s
.

om the bottom. See 6.21.4.

6.21.4 Trip threshold measurements following thegexposure to the corrosive atmosphere s

false tripping

levels are to
Resistance to
in 6.7.2.3. The

and shall comply with the trip threshold requirements of this Standard. The
be measured in accordancexwith High-resistance ground fault test, Cla
false tripping test, Clause 6.8;'giving consideration to the most adverse conditi
measurements are to be-performed at room temperature.

6.22 Visual [nspection test

6.221 To d
representative
ground-fault ci

6.23 Revers

6.23.1

ptermine compliance with internal wiring construction requirements i
ground-fault circuit-interrupters shall be examined. This may require disas
rcuit-interrupter or obtaining representative subassemblies from the manufactu

to achieve an
arts per billion
rine (Cl,) plus
ngle fan, with

hall not cause
trip threshold
use 6.7 and
bns described

n Clause 5,
sembly of the
rer.

|e line<load miswire test

A receptacle type ground-fault circuit-interrupter that has been dropped in accordance with 6.23.2

— 6.23.4 shall interrupt the electric circuit to the receptacle face and line terminals when a supply circuit is
wired to the load terminals of the device.

6.23.2 A previously untested receptacle type ground-fault circuit-interrupter shall be allowed to fall from a
height of 0.91 m (3 ft) such that a different part will strike a hardwood surface in each of three drops.

6.23.3 The hardwood surface mentioned in 6.23.2 shall consist of a layer of nominal 1-inch tongue-and-
groove oak flooring mounted on two layers of 19 mm (3/4-inch) plywood. The surface shall be a square 1.2
m (4 ft.) on a side. The assembly shall rest on a concrete floor or the equivalent.

6.23.4 The same device shall then be subjected to the test described in 6.23.5 — 6.23.7.
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6.23.5 Under the conditions described in 6.23.6 and 6.23.7 the ground-fault circuit-interrupter shall
interrupt the electric circuit to the receptacle face and line terminals or not permit power to be applied to
the receptacle face and line terminals when the power is first applied to the load terminals, and each time
the reset is operated.

6.23.6 For this test, the supply line voltage is to be set at 85 percent of the rated voltage. The ground-
fault circuit-interrupter is to be switched on unless it is shipped from the manufacturer in the tripped
condition and cannot be reset until properly installed. If shipped in the tripped condition, to verify the
ground-fault circuit-interrupter cannot be reset until properly installed, attempt to engage reset by first
pressing the reset button and then by pressing the test and reset buttons simultaneously. This is to be
performed before and after load terminals are connected to supply voltage. Power is to be applied to the
load terminals, and the reset shall be operated ten times in rapid succession.

6.23.7 The test described in 6.23.5 is to be repeated on the same device, with the supply-jne voltage set
at 110 percenf of the rated voltage.

6.24 Reverse line-load miswire test — repeated

6.24.1 When a supply circuit is wired to the load terminals of a receptacle GFCI aftef reinstallation
following a cofrectly wired installation, the same device subjected to the(test described in Clause 6.23 shall
interrupt the ¢lectric circuit to the receptacle face and line terminals<or not permit power tq be applied to
the receptaclg face and line terminals when the power is first applied and each time the resgt is operated.
Compliance shall be determined by the test described in 6.24.2:

6.24.2 The same device subjected to the test described in Clause 6.23 shall be corre¢tly wired to a
supply of rated voltage. The test and reset button shall*be actuated to verify the proper functioning of the
device when wired correctly. Following any specifi¢;instructions for the rewiring or reuse of the device, if
provided, the [device shall be removed from the supply source, and then reinstalled with its|load terminals
connected to p supply of rated voltage. The resét shall be operated ten times in rapid succegsion.

6.25 Supplémental voltage surge immunity test

6.25.1 General

6.25.1.1 ThI line side terminals of the Line-Neutral and Line-Line terminals that are prptected by the

representativeé ground-faultcircuit-interrupter shall be subjected to this test.
6.25.1.2 Th¢ ground-fault circuit-interrupter is to be connected to a supply of rated| voltage. The
grounding ledd or termmal of the ground fault cwcwt-mterrupter (|f prowded) is to be conmnected to the

supply condugte he—ON" condition
with no load connected GFCIs that are mtended only for use in enclosures shall be tested in their intended
enclosure for the tests referenced in 6.25.1.1. The enclosure shall be representative of the worst case
situation for the tests.

6.25.2 Surge immunity test (combination wave)

6.25.2.1 The GFCI shall be subjected to the Surge immunity test without demonstrating, either during or
after testing:

a) Emission of flame, molten metal, glowing or flaming particles through any openings (preexisting
or created as a result of the test) in the product,

b) Ignition of the enclosure, or
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c) Creation of any opening in the enclosure that results in accessibility of energized parts, when
judged in accordance with Accessibility of energized parts, Clause 5.7.

6.25.2.2 The test method is to be conducted in accordance with the testing methods described in IEC
61000-4-5 Electromagnetic Compatibility (EMC) Part 4-5: Testing and Measurements Techniques — Surge
Immunity Test.

6.25.2.3 The surges shall be superimposed on the ac power with the GFCI energized and applied at
phase angles of 90 and 270 electrical degrees.

6.25.2.4 Only the surge impulse test levels in Table 6.25.2.1 shall be used. Using a separate
representative GFCI for each surge impulse test level meets the intent of the requirement.

Table 6.25.2.1
Surge impulse test level impulse?®

Peak voltage (kV p) Peak current (kA p)
2 1

6 3

@ Combination 1
Electromagnetic

2/50 s, 8/20 s Voltage/Current surge waveform. For specifications{and-tolerances, refer to IEC 61(
Compatibility (EMC) — Part 4-5: Testing and Measurements Teéhniques — Surge Immunity Test.

00-4-5

6.25.2.5 The
prior to the ne

6.25.2.6 Aftg

ground fault apd the Dielectric voltage withstand\tests.

GFCl is permitted to trip during surge immunity testing. If the GFCI trips, it
t surge application.

r the 2 kV test the same GFCI shall' be in condition to comply with the H

is to be reset

gh-resistance

6.25.2.7 Aftgr the 6 kV test, the same GECI shall comply with either a or b:
a) The|GFCI shall be in condition to comply with the High-resistance ground fault tedt, Clause 6.7,
and thg Dielectric voltage-withstand test, Clause 6.11, or
b) The|GFCI shall trip*as a result of the surge test and render itself incapable of delivering power
after ajtempting reset. Reset shall be attempted 5 times as fast as possible with [rated voltage
applied.

6.26 Operating-méchanism test

6.26.1

compliance with 5.14.1 by testing the ground-fault circuit-interrupter as follows:

a) The

b) The

ground-fault circuit-interrupter is to be connected as shown in Figure 6.7.2.1,

resistance Ry is to be adjusted to obtain a ground fault current of 6 mA,

c) Switches S, S,, are closed, and switch S; is open,

Unless the electronics are connected to the line side of the contacts it will be necessary to verify

d) The 6 mA current is passed by closing switch S; the GFCI having been closed and the operating

means

being held in the closed position. The GFCI shall trip.

6.26.2 The test in 6.26.1 is then repeated by moving the operating means of the GFCI slowly over a
period of approximately 1 second to a position where the current starts to flow. Tripping shall occur without
further movement of the operating means.
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6.26.3 Both the test in 6.26.1 and 6.26.2 are to be performed three times, at least once on each pole
intended to be connected to a phase.

6.27 GFCI end of life test

6.27.1 General
6.27.1.1 A ground-fault circuit-interrupter that has reached its end of life shall meet the requirements of
5.15.5.

6.27.2 GFCI end of life simulation

6.27.2.1 In ¢
be subjected

6.27.2.2 On
form of a sho
to aline to g
6.27.2.4.

6.27.2.3 Ift
be used as a
to the GFCI t
short circuit ¢
is to be open

6.27.2.4 The¢ representative GFCI, having been-placed in the open or tripped position, is

connected to
GFCl shall be

a) Dos

b) Rep

6.28 GFCIr|

?L

o an end of life simulation in accordance with 6.27.2.2 or 6.27.2.3.

e representative GFCI shall be altered with a single modification t@,the GFCI
t circuit or open circuit such that the GFCI is incapable of responding in the 1
round, ground-fault. The representative GFCI shall then be“evaluated in ac

e GFCl is designed to repeatedly trip at end of life{the following end of life §
alternative to 6.27.2.2. One representative GFCI'shall be altered with a sing
hat results in the trip solenoid being in an energized state. The single modific
bnnected across an appropriate electrical component, or an appropriate electri
Circuited. The representative GFCI shall thén be evaluated in accordance with |

rated line voltage and allowed to-stabilize. The reset is to be operated. Each
considered as meeting the requirements of 5.15.5 if the GFCI:

s not permit power to be-applied to any load when reset is attempted; or

eatedly trips when reset is attempted.

pceptacle temperature tests

6.28.1 Geng

6.28.1.1
following Tem

ral

rder to determine compliance with the provisions of 6.27.1.1, one representalive GFClis to

circuitry in the
ormal manner
cordance with

imulation may
e modification
ation can be a
cal component
p.27.2.4.

to be correctly
representative

For Mexico, when conducting the NMX-J-508-ANCE test sequence on a GFCI receptacle, the following
Temperature Tests may be conducted in place of the test in Clause 6.2.5 of NMX-J-508-ANCE.

For the US, when conducting the UL 498 test sequence on a GFCI receptacle, the following Temperature
Tests may be conducted in place of the test in Section 111 of UL 498.

6.28.1.2 The temperature tests shall be conducted following the overload test on six receptacles and
shall continue until stabilized temperatures are attained. A temperature is considered to be stabilized when
three consecutive readings, taken at 5-minute intervals, indicate no further rise above the ambient
temperature. The contact temperatures shall be measured at the contacts previously subjected to the
overload test.
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6.28.1.3 Wire binding terminal screws and screw actuated clamp type terminals on the GFCI receptacle
under test shall be tightened using a torque of 1.0 N-m (9 in-Ibf) for receptacles wired with 2.1 mm? (14
AWG) conductor and 1.6 N-m (14 in-Ibf) for receptacles wired with 3.3 mm? (12 AWG) conductor.

6.28.1.4 It shall be permissible for the electronic circuitry in the GFCI to be removed or deenergized to
eliminate it as a source of heat when conducting the temperature tests specified in Clauses 6.28.1 —
6.28.4. Internal components of the switches, including the switching mechanism, may be short-circuited by

means of a sol

dered shunt.

6.28.2 Contact temperature test

6.28.2.1

receptacle is g

6.28.2.2 Thé
to the face of t

6.28.2.3 The
shorted attach

attachment pldig shall be used. The terminals of the plug shall be short-circuited by means ¢

feasible length
for the shortin
sources other

6.28.24 GF

three 20 A rafed attachment plugs and three 15 A rated attachment plugs. The 20 A ratqg

plugs shall be
shall be insert

6.28.2.5 The¢
6.28.2.1 with d
than 500 mm

6.28.2.6 GF
test shall be ¢
with 3.3 mm?
adjusting the

arrying its maximum rated current.

temperature measurement mentioned in Clause 6.28.2.1 shall be taken at p
he receptacle as possible on the male blades of an attachment plug.inserted in

overloaded contacts of individual receptacles shall be connected together b
ment plug of the configuration shown in Table 111.1 of tUL"498. A standa

of wire that has an ampacity at least equal to that ofthe receptacle. It shall &

j wire to be soldered to the plug terminals in ordet to’minimize the generatio
than the contacts.

C| receptacles having a T-slot configuration(5-20 configuration) shall be tested

inserted in two top receptacles and one bottom receptacle. The 15 A rated att3
bd in two bottom receptacles and one'top receptacle.

receptacles under test shallbe connected in series in the test circuit shq
olid or stranded copper building wire as specified in Clause 6.28.2.6 using leng
20 inches).

Ll receptacles having a 15-A configuration shall be wired with 2.1 mm? (14 A\
bnducted at a current of 15 A. GFCI receptacles having a 20-A configuration

ariable fow voltage supply shown in Figure 6.28.2.1 to obtain the specified cur

The contact temperature rise of a GFCI receptacle shall not be more than 30°C (54°F) when the

Dints as close
the outlet.

y means of a
d solid blade
f the shortest
e permissible
n of heat from

at 20 A using
d attachment
chment plugs

wn in Figure
jths of no less

VG) wire. The
shall be wired

(12 AWG),'wire and tested at a current of 20 A. The test current shall b¢ obtained by

ent.
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Figure 6.28.2.1

Contact temperature test circuit

Shorted plugs
I I IAI
Eif0® Bt ® B0 ® Bpof Epo® (g @
o) o) @) @) @) o)
1 1 — — — ]

(] (] (] (| (| (]
LU0 ¢ [0 g e [1Bg ¢ (B0 g | [BO g
—UE O J—4 O ,pF—45 O 3p—15 [O]4J—L§ [0153—‘5[0163—

Test I 15 0r 20 A Shorted plugs

Variable Low voltage Supply

Six samples with shorted plugs, 3 in top receptacle (A), 3 in bottom (B)
su0200

6.28.3 Terntinal temperature test

6.28.3.1 Ea¢h GFCI receptacle provided-with means for through-wiring on a branch circuft shall also be
subjected to Iterminal temperature test at a current of 20 A. The temperature rise on the ferminals shall
not be more than 35°C (63°F).

6.28.3.2 Th¢ temperature '‘méasurement mentioned in Clause 6.28.3.1 shall be made|on the wiring
terminals of the GFCI receptacle if they are accessible for the mounting of thermocouples.

6.28.3.3 When testing GFCI receptacles with wire binding screws or screw actuatgd clamp type
terminations, fthe terminal temperature shall be measured on the terminations in a manner such that the
thermocoupleldoes not interfere with the termination

6.28.3.4 When testing GFCI receptacles with wire leads that are intended for through-wiring on a branch
circuit or with terminals that are inaccessible for mounting thermocouples, the terminal temperature shall
be measured on the conductor as close as possible to the entry (exit) of the conductor to (from) the
receptacle.

6.28.3.5 The receptacles under test shall be connected in the test circuit shown in Figure 6.28.3.1 or
Figure 6.28.3.2 with 3.3 mm? (12 AWG) solid or stranded copper building wire using lengths of no less
than 500 mm (20 inches). Alternate test circuits shall be permitted if it can be demonstrated that they result
in the same current path through the devices under test.

6.28.3.6 If the test circuit of Figure 6.28.3.1 is used, the test current of 20 A shall be obtained by
adjusting the variable low voltage supply. It shall also be permitted to conduct this test using rated voltage
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if the shorting wire on the load terminals of the last sample (sample 6 in Figure 6.28.3.1) is replaced by a

variable load adjusted to produce the 20 A test current.

6.28.3.7

adjusting the variable low voltage supply.

Variable Low Voltage Supply *

Figure 6.28.3.1

Terminal temperature test circuit — 1

If the test circuit of Figure 6.28.3.2 is used, the test current of 20 A shall be obtained by

1 1 ]
o =5 =5 fan
Line Load Line Load Line Load
o_[[oA o_mfoA o oA
o 0002 0002 0oz
1Line Load 2 Line Load 3 Line load
T N T T T
Test =20 A
Line Load Line Load Line Load
oBOo_ oBOo_ oBOo_
4 Line Load 5 Line Load 6 Line Load
T 7T ™7 T
Shortind Wire *
Six Samjples wired in feed through.
su0202
* See 6.28.3.6
Figure 6.28.3.2
Terminal temperature test circuit — 2
\_['O A T = A A = =4 = =4 j=] o
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Variable Low voltage Supply
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6.28.4 Split load temperature test

6.28.4.1 Each GFCI receptacle provided with means for through-wiring on a branch circuit shall also be
subjected to a split load temperature test at a total test current of 20 A with the load current divided
between the GFCI receptacle contacts previously subjected to the Overload test, and the through wiring
terminals. The contact temperature rise shall not be more than 30°C (54°F), and the temperature rise on
the terminals shall not be more than 35°C (63°F).

6.28.4.2 The contact temperature measurement mentioned in Clause 6.28.4.1 shall be taken at points as
close to the face of the receptacle as possible on the male blades of an attachment plug inserted in the

outlet.

6.28.4.3 Thl terminal temperature measurement mentioned in Clause 6.28.4.1 shall| bg

wiring terming

6.28.4.4 Wh
terminations,
thermocouple

6.28.4.5 WH
circuit or with
be measured
receptacle.

6.28.4.6 The overloaded contacts of each individual GFCI receptacles shall be loaded b

attachment p
plug shall be
using lengths
wires to the |
sources other

6.28.4.7 GF
20 A rated att
be inserted in
inserted in tw

Is of the GFCI receptacle if they are accessible for the mounting of thermocou

en testing GFCI receptacles with wire binding screws or strew actuate
the terminal temperature shall be measured on the terminations in a manne
does not interfere with the termination.

en testing GFCI receptacles with wire leads that areqntended for through-wirir

on the conductor as close as possible to thexentry (exit) of the conducto

ug of the configuration shown in Tahle™11.1 of UL 498. A standard solid bla
used. The terminals of the plug shall be connected to the load indicated in
of wire having ampacity at least'equal to that of the receptacle. It shall be perr
bad to be soldered to the plug terminals in order to minimize the generatio
than the contacts.

Cl receptacles having-a T-slot configuration (5-20 configuration) shall be test
bchment plugs and three 15 A rated attachment plugs. The 20 A rated attachm
two top receptacles and one bottom receptacle. The 15 A rated attachment
b bottom rec¢eptacles and one top receptacle.

to the load i

6.28.4.8 Th$ through wiring terminals of each individual GFCI receptacle under test shall

dicated in Table 6.28.4.1 using lengths of 3.3 mm? (12 AWG) solid or str

made on the
bles.

d clamp type
such that the

g on a branch

terminals that are inaccessible for mounting thermocouples, the terminal temperature shall

to (from) the

) means of an
de attachment
Table 6.28.4.1
hissible for the
n of heat from

ed using three
ent plugs shall
plugs shall be

be connected
anded copper

building wire.

6.28.4.9 The test currents shall be obtained by the use of either a low voltage source or rated voltage
source, and adjustment of the individual loads to obtain the currents specified in Table 6.28.4.1.

Table 6.28.4.1
Load currents — split load temperature test

Test Number

Receptacle (Load 1) (A)

Through Wiring (Load 2) (A)

1
2
3

5
10
15

15
10
5
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6.29 Mechanical endurance test

6.29.1 This fest shall be conducted on\atepresentative retractable GFCI that is capable
installed in an additional“enclosure, and is intended for installation in a co

without being
6.3.10.

6.29.2 Arep
instructions. P
and locked. T
one cycle of ¢
cycles at as fa

Split load temperature test circuit

Figure 6.28.4.1

su0201

Load
—J
>
—
Load

Line
O w
Line

%
Samples 1 through 6

3 with load 1 at "A"
3 with load 1 at "B"

Test | = 20 A Total

resentative GFCl'shall be mounted in a counter surface in accordance with t
pwer shall_net'be applied to the device. The retractable assembly shall initiall
ne retractable assembly shall then be released, fully extended and then fully retracted for
peration-’ The above extension and retraction cycle shall be repeated for a
5t acycling rate as permitted by the construction of the unit.

of being used
untertop. See

he installation
y be retracted

total of 6000

6.29.3 At the conclusion of the cycling, the device shall be connected to a rated source of supply. Power
shall be available at the receptacle outputs as determined by the use of a test light or equivalent means.

The GFCI shall still function as determined by the use of the test and reset buttons.

6.29.4 The sample shall then be subjected to and comply with the Leakage Current Test of Clause 6.5

with no humidity conditioning, and the Dielectric Withstand Test of Clause 6.11.

6.29.5 The same representative device shall then be subjected to the Spill Test of Clause 6.30.

6.30 Spill test

6.30.1 This test shall be conducted on a representative GFCI that is capable of being used without being
installed in an additional enclosure, and is intended for installation in a countertop. If the device
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incorporates a retractable construction, the representative device that was used for the Mechanical
Endurance Test shall also be used for this test. See 6.3.9, 6.3.10, and 6.29.5.

6.30.2 A representative GFCI shall be mounted to a counter surface in accordance with the installation
instructions. The pop-up assembly shall be fully extended. Any covers provided shall be opened to their
most disadvantageous position. Covers that tend to close themselves shall be allowed to fall to their
natural resting position. If more than one power receptacle is enclosed by such a self-closing cover, a
single power supply cord shall be mated with one of the receptacles and the cord shall exit from behind the
cover.

6.30.3 A container measuring 181 mm (7-1/8 inch) 1.D. by 251 mm (9-7/8 inch) tall shall be filled with 1.9
L (1/2 gallon) of saline solution, consisting of 8 grams (0.28 ounce) of table salt per liter (0.264 gallon) of
distilled water. The container shall be placed on the counter surface with its base 305 mm|(12 inch) from
the sample, gnd facing the convenience receptacles. The container shall then be tipped over all at once.
An effort shalllbe made to direct the spill toward the most disadvantageous area of the ‘assembly.

6.30.4 One [minute after the container of water is tipped over, the sampleCshall be sulbbjected to and
comply with the Leakage Current Test of Clause 6.5 with no humidity conditioning, and| the Dielectric
Withstand Tegt of Clause 6.11.

6.30.5 The test shall be repeated with the pop-up assembly fully retracted.

6.31 Auto-monitoring function tests

6.31.1 The results of the Auto-Monitoring Function Tests'shall meet the requirements of Clause 5.16.

6.31.2 In order to determine compliance with the/provisions of Clause 5.16, separate samples shall be

modified to re
respond to a
noted in 6.31)
shorted comp

a) Ope

b) Altg
modifi

present those single component failire modes that can cause the GFCI to beg
ground fault per this standard."\Welded power contacts need not be conside
3, each sample shall be altered with a single modification that represents eithe
pnent (unless otherwise specified) as described in 6.31.2 (a) — (g) below.

n circuit or short circuit the ground fault sensing component (transformer);

r the integrated circuit responsible for the ground fault detection by one o
Cations selected by the manufacturer and agreeable to all parties concerned:

1) Disc¢onnect the power supply pin of the IC;

2)\Disable the “clock” circuit;

ome unable to
ed. Except as
ranopenora

[ the following

c)

3) Open the signal path at the subject IC pin;

4) Short the signal path pin to one of the adjacent pins one at a time.

ground fault detection circuit.

d) Open-circuit the trip solenoid. See 6.31.8.

e) Open the switching semiconductor supplying the trip solenoid. See 6.31.8.

f) Short circuit the switching semiconductor supplying the trip solenoid.

Open circuit the current limiter (for example, dropping resistor) of the power supply of the

g) Open circuit or short circuit a single rectifier diode in the ground fault detection power supply

circuit.

Short circuit a single diode in the case of a bridge rectifier package.
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6.31.3 Certain failure modes in 6.31.2 need not be tested if, based on an engineering analysis of the
circuit, one or both of the following criteria are met. The results of the engineering analysis shall be

agreeable to a

Il parties concerned.

a) The failure mode does not interfere with the ability of the GFCI to respond to a line to ground

fault.

b) The failure mode results in 5.16.4 being met automatically, without assistance from the auto-
monitoring function.

6.31.4 Failure modes that need to be investigated may, at the option of the manufacturer, be tested on
previously tested samples if agreeable to all parties concerned.

6.31.5 The device power contacts shall be in the closed position at the start of the test. B

applied exter

requirements ¢f 5.16.2.

6.31.6 Trip tjime during auto-monitoring. The trip time relationship of 6.7.1.1-shall contin
during an autgmatic test interval. One sample shall be subjected to a limited high-resistanc
test in accordgnce with 6.31.7.

6.31.7 The't
voltage. Precg
The ground fa
auto-monitorin
manner but co

6.31.8 As aif
6.31.2 that re
having been s
allowed to sta
reset button
requirements

ower shall be

lly by closing a switch in the supply. Each GFCI shall comply with 5.16.4 'Wwithin the timing

st of 6.7.3 shall be conducted with Rb = 500 Ohms;.at room temperature an
nditioning by humidity, surge, drop or leakage currént tests is not required to
Uit shall be applied when the auto monitoring fungtion is active. It shall be pern
g function to be altered such that the auto-monitoring signal is being applied
ntinuously in order to test the GFCI.

alternative to meeting the requirements described in 6.31.5 — 6.31.6, fail
ference 6.31.8 may comply with, the requirements listed below. A represe
ubjected to a failure mode simulation, shall be correctly connected to rated lin

shall be operated. Each" representative GFCI shall be considered as
pf Clause 6.31.1 if one of the following conditions is met:

GFCI visually or-audibly indicates if it does not interrupt the electric circuit to al

GFCl interrupts the electric circuit to all loads or does not permit power to be
bach time.the reset is operated when reset is attempted.

ue to be met
e ground fault

d at rated line
be conducted.
issible for the
in the normal

ure modes in
ntative GFCI,
e voltage and

bilize. The manually operatéd supervisory test function shall be performed, after which the

meeting the

loads; or

bpplied to any

a) The

b) The

loads,
7 Markings
71

7.11

Permanence of marking

A label as mentioned in 8.1.4 shall comply with the requirements specified in Annex A, Ref. No. 13.

7.1.2 Labels that come in contact with uninsulated live parts shall be of a nonconductive material that
complies with requirements for polyvinyl chloride, polyethylene, and rubber insulating tape in Annex A,
Ref. No. 5.

7.1.3 For the purpose of these requirements, a water transfer or the equivalent located in a depression at
least 0.8 mm (0.031 inch) deep may be considered as permanent subject to investigation.
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7.2 Marking

Aadvisory Note: For products intended for use in Canada, markings shall be at least in English and caution
and warning markings shall be at least in French and English. For products intended for use in Mexico, all
markings shall be at least in Spanish. For products intended for use in the United States, all markings shall

be at least in English. See Annex B and Annex C for suitable translations.

7.21

All interrupters shall be plainly marked in a permanent manner with at least the following:

a) Manufacturer's name, trademark, tradename, or other recognized symbol of identification;

d) In M

e) The
as col
Canad
packa

7.2.2 All ter|
clearly identifi

d by V ~ 60Hz. Alternative markings are rated voltage followed by ~ 60 Hz, by
O Hz. See7.2.7.

exico, acceptable markings are rated voltage followed by V ~60Hz, V 60 Hz, ¢

basic catalog number, or type designation. Prefixes and suffixes that indicate
or, indicator lamps, shutters, or other construction Variations shall not be
a, the catalogue number or type must appear,on/the product or the sn

jing.

minals to which line, load or grounding conductors are intended to be conn
ed.

7.23 Agro

dating period |of manufacture not exceeding afly three consecutive months. The date of ma

be abbreviat

the code doeg not repeat in less than 20.years, and does not require reference to the produd

the manufact

7.24
12, 12K, or 1
4.

7.2.5 Class
visible after

If the ¢nclosure has beén)ysuitably evaluated for environmental Types 2, 3, 3R, 3S, 4

nd-fault circuit-interrupter shall bellegibly and permanently marked with the
, Or may be in a conventional-code, or in a code affirmed by the manufacturef

rer to determine when the’product was manufactured.

B, it shall be marked in accordance with the requirements for enclosures, Ann

A interrupters shall be marked in a permanent manner where the marking
nstallation (e.g., with a cover plate removed) with the following wording

rated voltage
V 60Hz, or by

br Vc.a. 60 Hz.

features such
required. For
nallest unit of

ected shall be

date or other
nufacture may
. provided that
tion records of

1, 4X, 5, 6, 6P,
ex A, Ref. No.

will be readily
or a suitable

equivalent: "Q

ROUND FAULT CIRCUIT INTERRUPTER CLASS A ". Note: Except as not

pd in 7.2.6, an

abbreviation of this marking such as "GFCI CL A", "Class A", "CL A", or "GFCI A" is considered to be a
suitable equivalent in those cases where the areas available for marking make the complete text
impracticable.

7.2.6 The abbreviation "ICFT" is considered a suitable equivalent marking for a GFCI intended for use in
Mexico only.

7.2.7 A ground-fault circuit-interrupter shall be legibly and permanently marked with the voltage as
indicated in Table 7.2.1 below.
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Table 7.2.1
Rated voltage and corresponding marked voltage(s)

Rated Voltage Marked Voltage(s)
120V 120 Vor 125\
127V 127V

120-127 V 120,127V
120/240 V 120/240 V
208 Y/120V 208 Y/120V
220Y/120-127V 220 Y/120-127 V
208 Vl’l’)ﬁ‘ 220 .Y /127 \L 208 Vl’l’)n’ 220 Y /127 \L

2125V based on

configuration rating of plug or receptacle GFCI.

7.2.8 There
instructions. T
visible after ins

7.29 Agrou
in compliance
rating on the p
and “ON” resp

7.3 Permangntly connected ground-fault circuit-interrupters

7.3.1 Excepf
marked with th

7.3.2 AGFC

7.3.3 Unless
where it may
inch) high with

mote control function of a GFCI shall be marked and identified on the smallest
he device shall be permanently marked with the word “CONTROLLED” on the
tallation.

nd-fault circuit-interrupter that is intended to be used as an*ON” “OFF” contro
with the requirements of 6.14.9 is permitted to be marked with the applicabl

pctively.

as noted in 7.3.2, a ground-fault.‘Circuit-interrupter employing terminal I¢
e gauge of the leads on the device.

with suitable wire connectors'need not comply with the requirement in 7.3.1.

a permanently connected ground-fault circuit-interrupter has been found su
e exposed to raips.it'shall be marked where visible during installation in letter
the words: "Daonot'use where exposed to rain", or the equivalent, except as n

7.34 Them

instructions specified.in 8.1.2.

7.3.5 A ground-fault circuit-interrupter that has been found suitable for connection to a

rking spegified in 7.3.3 is not required on a receptacle type GFCI provided w

package and
device where

ler and that is
e horsepower

roduct and the area near the “TEST” and “RESETZ buttons is permitted to be marked “OFF”

ads shall be

itable for use
5 3.2 mm (1/8
pted in 7.3.4.

th installation

conduit which

extends directly to an underwater pool light forming shell may be so marked.

7.3.6 A permanently connected ground-fault circuit-interrupter shall have its terminals legibly and
permanently marked "Line" (Linea) and "Load" (Carga), and "Hot" (Fase) and "White" (Neutral) as
appropriate for the country it is intended to be used. If a permanently connected ground-fault circuit-
interrupter is provided with leads, the location where the leads exit the ground-fault circuit-interrupter, shall
be legibly and permanently marked "Line" (Linea) and "Load" (Carga), and "Hot" (Fase) and "White"
(Neutral) or "Gray" (Gris) as appropriate for the country it is intended to be used.

7.3.7 A receptacle type GFCI not intended to be removed and reinstalled shall be marked “Warning —
Risk of electric shock- Do not reinstall this device after removal” in letters min. 1.6 mm (1/16 in.) high. The
marking shall be located where exposed to view when the field-wiring terminals are exposed to view.
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