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Preface

This is the harmonized ANCE, CSA Group, and ULSE Standard for Plugs, Receptacles, and Cable
Connectors of the Pin and Sleeve Type. It is the First edition of NMX-J-719-ANCE, the Fifth edition of CSA
C22.2 No. 182.1, and the Fifth edition of UL 1682. This edition of CSA-C22.2 No. 182.1 supersedes the
previous edition published in February 2014. This edition of UL 1682 supersedes the previous edition
published on February 7, 2014. This harmonized standard has been jointly revised on March 28, 2024.
For this purpose, CSA Group and ULSE are issuing revision pages dated March 28, 2024, and ANCE is
issuing a new edition dated March 28, 2024.

This harmonized Standard was prepared by the Association of Standardization and Certification, (ANCE),
CSA Group, pra-BESEtHRe—{(UESEY-

The efforts and support of the Technical Harmonization Subcommittee, 23H, on the Harnonization of
Electrotechn|cal Standards of the Nations of the Americas (CANENA), are gratefully,acknowlgdged.

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 eléctricos (Artefactos eléctricos)
from the Comnite de Normalizacion de la Asociacion de Normalizacion y Certificacion, A.CJ, CONANCE,
with the collgboration of the plugs, receptacles and conductors fmanufacturers and users.

This Standard was reviewed by the CSA Integrated Commitiee on Wiring Devices under the|jurisdiction of
the CSA Tefhnical Committee on Wiring Productssand the CSA Strategic Steering Qommittee on
Requirements for Electrical Safety, and has been formally approved by the CSA Technical Committee.
This standarfl has been developed in compliancewith the Standards Council of Canada requirements for
National Stapdards of Canada. It has been published as a National Standard of Canada by CISA Group.

Application of Standard

Where refer¢nce is made to a specific number of samples to be tested, the specified number is to be
considered g minimum quantity.

Note: Although the intendedprimary application of this standard is stated in its scope, it i$ important to
note that it rgmains theresponsibility of the users of the standard to judge its suitability for their particular
purpose.

Level of harmonization

This Standard is published as an equivalent Standard.

An equivalent Standard is a Standard that is substantially the same in technical content, except as follows.
Technical deviations are allowed for Codes and Government Regulations and those recognized as being
in accordance with NAFTA Article 905, for example, because of fundamental, climatic, geographical,
technological, or infrastructural factors, scientific justification, or the level of protection that the country
considers appropriate. Presentation is word for word except for editorial changes.
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Reasons for Differences From IEC
There is no corresponding IEC standard.
Interpretations

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 pin and sleeve type plugs, receptacles, power inlets, and connectors, rated
up to 800 amperes and up to 600 volts ac or dc, and which may include up to eight pilot contacts. These
devices are intended to provide power from branch circuits, or are for direct connection to the branch
circuit in accordance with the Canadian Electrical Code Part |, the National Electrical Code (NEC),
ANSI/NFPA 70, and the Mexican Electrical Code, NOM 001 SEDE, using copper conductors, for use in
either indoor or outdoor nonhazardous locations. In Canada, the terminals of a device intended to
accommodate aluminum conductors also comply with CSA C22.2 No. 65.

1.2 This standard does not apply to single conductor pin and sleeve devices. Single pole locking-type
separable connectors are covered by CSA C22.2 No., 1691/UL 1691

1.3 This stgndard does not apply to:

a) Deyices molded integrally with flexible cord or cable that are covered by UL 817, CEA C22.2 No.
21, apd NMX-J-195-ANCE;

b) Ggneral and special use devices, such as attachment plugs;receptacles, cordl connectors,
inlets| current taps, flatiron and appliance plugs, that are covered by UL 498, CSA €22.2 No. 42,
CSA [C22.2 No. 57, CSA C22.2 No. 182.2, NMX-J-412-ANCE, NMX-J-412/2-1-ANCE, NMX-J-
412/2+2-ANCE, NMX-J-412/2-3-ANCE, NMX-J-412/2-4-ANCE, NMX-J-412/2-5-ANCIE, and NMX-
J-412Y2-6-ANCE;

c) Sirlgle and multi-pole connectors intended for connection to copper conductors, fdr use in data,
signa|, control and power applications within and’between electrical equipment, where exposed,
that afe covered by UL 1977 and CSA C22.2 No."182.3;

d) Devices intended for use in hazardous\(Classified) locations that are covered by|UL 1203 and
CSA ££22.2 No. 159; and

e) Praducts such as switched interlocks that are covered by UL 508 and CSA C22.2 No. 14.
2 Definitiohs
2.1 For the|purposes of this standard, the following definitions apply.

2.2 CONNECTOR (EABLE CONNECTOR) — A portable receptacle that is intended to pfovide power,
with means fpr attachment of flexible cord or cable and not intended for permanent mounting

2.3 CONTACI)— A conductive element in a component that mates with a correspondirlg element to
provide an electrical path.

2.4 CONTACT, PILOT — A conductive element intended to carry an indicating or controlling signal.

2.5 DELAYED ACTION — An arrangement that delays the separation of device housings which is
intended to reduce the likelihood of exposure of arcing contacts during the breaking of the circuit when the
plug is withdrawn.

2.6 ENCLOSURE - The case or housing into which the insulator and contacts are assembled. The
enclosure system can be composed of elements such as outlet boxes, mounting panels, receptacles,
plugs, and connectors.

2.7 GROUNDING/BONDING CONDUCTOR - In the U.S. and Mexico, a conductor that is defined in the
National Electrical Code (NEC), ANSI/NFPA 70, and the Mexican Electrical Code, NOM 001 SEDE, as an
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Equipment Grounding Conductor, and in Canada, a conductor that is defined in the Canadian Electrical
Code Part |, C22.1, as a Bonding Conductor.

2.8 GROUNDING/BONDING PATH — A path between the grounding/bonding pin, or contact and the
grounding/bonding terminal or, if the device has no grounding/bonding terminal, the point at which the path

makes contact with a part of the metal raceway system, such as a box, box cover, or the raceway itself.

2.9 GROUNDING/BONDING TYPE DEVICE - A device having a grounding/bonding path.

210

and for basic protection against electrical shock.

INSULATION, ELECTRICAL — The insulation necessary for the proper functioning of the product

2.11 INSUL

212 INTER
mechanical, {
with the plug,
are energizeg

2.13 LOCKI
position whe
withdrawal. It

2.14 MOTO
full load locke

In Mexico, a
voltage assig

2.15 PIN Al
generally are
the mating de¢

2.16 PLUG
or connector,

the conductois connected\o the receptacle or cable connector.

217 POWE

ATOR — That portion of a device that provides for separation and support of gont

| OCKED RECEPTACLE (OUTLET) — An outlet having a device, €ither
hat is intended to reduce the likelihood of energizing the contacts before proper
and that either is intended to reduce the risk of the plug being withdrawn whilg
or deenergizes the line contacts before separation.

G RETAINING MEANS — A mechanical arrangement(that holds a plug or
it is in proper engagement and is intended to reduce the likelihood of its
can also facilitate environmental sealing.

R RATING — In Canada and the United States;\a'rating expressed in horsepows
d-rotor current and voltage assigned to a device that is intended to control a mof

ating expressed in horsepower (hp) tkilowatts (kW) and/or full load locked-roto
ned to a device that is intended to coentrol a motor load.

ND SLEEVE DEVICE - A.plug, receptacle, power inlet, or connector utilizing
cylindrical or circular and telescoping and are shrouded by an extension of the
vices.

(ATTACHMENT-RLUG) — A device intended to receive power when inserted in

which establishes connection between conductors of the attached flexible cord

R INEET — A permanently mounted plug intended to receive power from a cable

acts.

electrical or
engagement
b its contacts

connector in
unintentional

r (hp) and/or
or load.

I current and

contacts that
enclosure of

a receptacle
or cable and

connector.

2.18 RECEPTACLE(OUTLET)—Adevice thatis ntendedto-provide powertoaminserted plug, and that

is installed as

a fixed outlet or on equipment.

219 SWITCHED RECEPTACLE - An outlet with an associated or integral switching device to
disconnect the supply from the receptacle contacts.

2.20 TERMINAL — A conductive part provided on a contact for connecting a conductor.

2.21

between the terminal lug and a conductor by compressing the lug onto the conductors.

TERMINAL, CRIMP TYPE - A terminal in which an electro-mechanical connection is made

2.22 TERMINAL, FIELD WIRING — A terminal to which power supply, load, control, or grounding/bonding
connections will be made in the field when the device is installed.
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2.23 TERMINAL, INSULATION-DISPLACEMENT — A terminal having a contacting member that forces
the conductor insulation aside and presses against the side of the conductor to make contact.

2.24 TERMINAL, PIN-TYPE (INSULATION-PIERCING) — A terminal having a contact pin that punctures
the conductor insulation to contact the current-carrying conductor.

2.25 TERMINAL, PRESSURE-WIRE — A terminal in which the conductor is clamped under a pressure

plate or sadd

le by one or more screws or nuts.

2.26 TERMINAL, SET SCREW - A terminal in which the clamping pressure is applied by the end of the
screw bearing directly on the conductor.

INAL, WIRE-BINDING SCREW - A terminal in which the conductor is bent ar0||md the screw

2.27 TERM
and is clampgd directly under the head of the screw when it is tightened.
3 General
3.1 Compgnents
3.1.1 Except as indicated in Clause 3.1.2, a component of a product covered by this gtandard shall
comply with| the requirements for that component. See Annex“A for a list of standards covering
components |generally used in the products covered by this standard. A component shall cdmply with the
ANCE, CSA pr UL standards as appropriate for the country where the product is to be used.
3.1.2 A component is not required to comply with a specific requirement that:
a) Inyolves a feature or characteristic not;required in the application of the component in the
product covered by this standard, or
b) Is guperseded by a requirementin_this standard.
3.1.3 A component shall be used in~accordance with its rating established for the intended conditions of
use.
3.1.4 Specific components Jare incomplete in construction features or restricted in |performance
capabilities. |Such components are intended for use only under limited conditions, su¢h as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.
3.1.5 For pfoducts intended for use in Canada, general requirements are given in CAN/CEA-C22.2 No.
0, General Requirements — Canadian Electrical Code, Part ||

3.2 Reference publications

3.21

Products covered by this standard shall comply with the reference installation codes and standards

as appropriate for the country where the product is to be used. When the product is intended for use in
more than one country, the product shall comply with the installation codes and standards for all countries
where it is intended to be used.
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3.2.2 Where reference is made to any Standards, such reference shall be considered to refer to the
latest editions and revisions thereto available at the time of printing, unless otherwise specified.

ANCE Standards

NOM 001 SEDE,

Mexican Elec

trical Code

NMX-J-005-ANCE-2005,

General Use Switches for Fixed Electrical Installations — General Requirements and Test Methods

NMX-J-009/4

NAQ/4 ANILOL o000

Low Voltage

NMX-J-009/4
Low Voltage

NMX-J-009/4
Low Voltage

NMX-J-009/4
Low Voltage

NMX-J-009/4
Low Voltage |

NMX-J-009/4
Low Voltage

NMX-J-009/4
Fuseholders -

NMX-J-009/4
Low Voltage

NMX-J-009/4
Low Voltage

NMX-J-162-A

O/ TTAAINUVILL"aUU I,

Fuseholders — Part 1: General Requirements

P48/4-ANCE-2009,
Fuseholders — Part 4: Fuseholders Class CC

D48/5-ANCE-2009,
Fuseholders — Part 5: Fuseholders Class G

D48/6-ANCE-2009,
Fuseholders — Part 6: Fuseholders Class G

D48/8-ANCE-2009,
Fuseholders — Part 8: Fuseholders Class J

D48/9-ANCE-2009,
Fuseholders — Part 9: Fuseholders Class K

P48/11-ANCE-2007,
- Part 11: Type C (Edison Base) and Type S Plug Fuse

P48/12-ANCE-2009;
Fuseholders — Part12: Fuseholders Class R

D48/15-ANCE-2009,
Fuseholders — Part 15: Fuseholders Class T

NCE-2014,

Enclosed and Dead-Front Switches

NMX-J-195-ANCE-2006,

Power Supply Cords and Extension Cord Sets for Electrical Appliances — Specifications and Test Methods

NMX J 235/2-

Enclosures —

ANCE-2014,

Enclosures for Electrical Equipment, Environmental Considerations

NMX-J-266-ANCE-2014,

Molded-Case

Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures

NMX-J-412-ANCE-2008,

Attachment Plugs and Receptacles — General Specifications and Test Methods
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NMX-J-412/2-1-ANCE-2008,
Attachment Plugs — Specifications and Test Methods

NMX-J-412/2-2-ANCE-2008,

Receptacles

— Specifications and Test Methods

NMX-J-412/2-3-ANCE-2009,
Cord Connectors — Specifications and Test Methods

NMX-J-412/2-4-ANCE-2009,

Current Taps

and Adapters — Specifications and Test Methods

NMX-J-412/2
Flat Iron and|

NMX-J-412/2
Hospital Gra

NMX-J-515-1
Distribution 4

NMX-J-565-1
Safety Requ

NMX-J-565/2
Fire Hazard

NMX-J-565/3
Safety Requ
Methods

NMX-J-565/¢
Safety requin]

NMX-J-565/1
Safety requin

NMX-J-597/1

-5-ANCE-2009,
Appliance Plugs — Specifications and Test Methods

-6-ANCE-2009,
ple Devices — Specifications and Test Methods

ANCE-2008,
nd Control Equipment — Safety General Requirements - Specifications and Test|

ANCE-2004,
rements — Humidity Conditioning - Test Conditiohing

-10-ANCE-2010,
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IEC 60695-2-10 (2013)
Fire Hazard Testing — Part 2-10: Glowing/Hot-Wire Based Test Methods — Glow-Wire Apparatus and
Common Test Procedure

' American National Standards Institute.
2 National Fire Protection Association.

3 Institute of Electrical and Electronics Engineers, Inc.

4 American Society for Testing and Materials.

5 |nternat|0na E:Ubtl utcuhl IIbG: CUI LI I;OD;UI L
3.3 Units of measurement

3.3.1 The vplues given in SI (metric) units shall be normative. Any other yalues given|shall be for
information plirposes only.

4 Construction
41 Genera

411 The rptings mentioned throughout this standard,.including those mentioned in ¢lause 6.1.2,
represent thelmaximum ampacity and voltage for a device, A device is considered to be for uge with either
alternating or|direct current unless the rating includes.a marking to restrict the use to alternating current.
See Clause 7,1.6.1.

4.2 Configyrations

4.2.1 Combjnations of pin and sleeve:attachment plugs and receptacles are covered by this standard.
Standardized|configurations of attachment plugs and receptacle combinations are located in UL 1686.

4.3 Insulating material

4.3.1 A base or body inVor on which live parts are mounted shall be of ceramic or other insulating
material meefing the requirements of this standard.

4.3.2 Vulcanized fiber or rubber may be used for insulating washers, separators, and barriefs, but not as
the sole suppprt.for live parts. The material shall be moisture resistant in accordance with Clalise 5.7.

4.3.3 A polymeric material used for electrical insulation, an internal barrier necessary to maintain
electrical clearances and creepage distances, or enclosure of live parts shall have a flame class rating of
HB, V-2, V-1, V-0, VTM-2, VTM-1, VTM-0, 5VA, or 5VB in accordance with the requirements of UL 94,
CAN/CSA-C22.2 No. 0.17, or NMX-J-565/3-ANCE. The flammability classification shall be judged at the
actual minimum thickness employed within 0.8 mm (1/32 inch) of live parts within the device.

4.3.4 In Canada, insulating materials in contact with current-carrying parts of devices that are intended
for permanent installation shall have a minimum flammability classification of V-2 in accordance with
CAN/CSA-C22.2 No. 0.17, in a thickness of 1.6 mm or in the minimum thickness in contact with that
current-carrying part, whichever thickness is greater.

In Mexico and the United States, this requirement does not apply.


https://ulnorm.com/api/?name=UL 1682 2024.pdf

MARCH 28, 2024 NMX-J-719-ANCE ¢ CSA C22.2 No. 182.1:17 # UL 1682 19

4.3.5 In Canada, insulating materials in contact with current-carrying parts of devices not intended for
permanent installation shall have a minimum flammability classification of HB in accordance with
CAN/CSA-C22.2 No. 0.17.

In Mexico and the United States, this requirement does not apply.

4.3.6 In Canada, as an alternative to the requirements of Clause 4.3.4, a thermosetting material may be
used as an insulating material in contact with current-carrying parts of devices intended for permanent
installation, provided that such material has the characteristics specified in (a) and (b) below:

a) A minimum flammability classification of HB in accordance with CAN/CSA-C22.2 No. 0.17; and

b) The continuous use temperature index (mechanical without impact) is a minimum of 100°C, in
accorgdance with CAN/CSA-C22.2 No. 0.17.

In Mexico anfd the United States, this requirement does not apply.

4.3.7 The ipternal insulating systems of components for which component requirements gxist need not
have a flame|class rating.

4.3.8 A small part meeting all the following criteria need not have & flame class rating:
a) Its olume does not exceed 2 cm?® (0.122 cubic inch);
b) Its maximum dimension does not exceed 3 cm (1748 inches); and

c) lts|location is such that it cannot propagate‘flame from one area to another or a¢t as a bridge
betwgen a possible source of ignition and other ignitable parts.

4.3.9 Fiber|and similar material that is equal_to or less than 0.25 mm (0.010 inch) thick negd not have a
flame class rating.

4.3.10 A pplymeric material used for electrical insulation, an internal barrier necessary to maintain
electrical cle@grances and creepage.distances, or enclosure of live parts shall comply with the[requirements
in Clauses 5)3 —5.10.

4.3.11 A pdlymeric maferial having a maximum comparative tracking index (CTl) performanrce level class
of 3 or a minimum CFh¥alue of 175 need not comply with Clause 5.3.

4.3.12 A pglymeric material having hot wire ignition (HWI) corresponding to the values shdwn in Table 1
for the applicable flammnhilihj/ classification need not r‘nmpl\ll with Clause 5.4

4.3.13 A polymeric material having high-current arc resistance to ignition (HAI) corresponding to the
values shown in Table 1 for the applicable flammability classification need not comply with Clause 5.5.

4.3.14 The internal insulating systems of components for which component requirements exist need not
comply with the requirement in Clauses 5.3 — 5.5.

4.3.15 A small part meeting all the following criteria need not comply with the requirements in Clauses
5.3-5.5:

a) Its volume does not exceed 2 cm® (0.122 cubic inch);

b) lts maximum dimension does not exceed 3 cm (1.18 inches); and
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c) Its location is such that it cannot propagate flame from one area to another or act as a bridge
between a possible source of ignition and other ignitable parts.

4.3.16 Fiber and similar material that is equal to or less than 0.25 mm (0.010 inch) thick need not comply
with the requirements in Clauses 5.3 — 5.5.

4.3.17 A polymeric material used for electrical insulation, an internal barrier necessary to maintain
electrical clearances and creepage distances, or enclosure of live parts shall have the temperature index

ratings shown in Table 2 for the specific application of the insulating material.

4.4 Resista

nce to corrosion

44,1 Parts
accordance W

of iron or steel other than stainless steel parts shall be protected agaijnst
ith Clause 5.28.

4.5 Enclosurres

4.51 Gene

4511 And
parts, as indi

be permanen
boxes and m

conditions. AI

al

nclosure shall be constructed to reduce the risk of unintentional contact with un
cated in Clause 4.8.1, and to provide internal parts with protection from spec
ditional items used to form an enclosure, such as @adapters, hoods, covers, and
ly secured to the device. In Canada, elements of\metallic enclosure systems s
unting panels shall be provided with a bonding-terminal.

4.5.2 Mechanical strength

4521
5.14.

4.5.3 Nonm

4531 An(g
requirements
Enclosures.

4532 InC

An énclosure shall have adequate strength and rigidity in accordance with Claug

etallic enclosures

corrosion, in

nsulated live
fied external
the like, may
uch as outlet

es 5.13 and

nmetallic enclosuresor a nonmetallic part of an enclosure shall comply with the applicable

in UL 746C, CAN/CSA-C22.2 No. 94, or NMX-J-235/2-ANCE-2014 for Spe

pnada.and the United States, if a nonmetallic enclosure is identified as being in

exposed to s
enclosure m

pecific.Cchemicals, oils, acids, solvents, cleaning agents, and the like, the perfor
terial’shall not be adversely affected by such substances as determined by ap

cial Purpose

tended to be
mance of the
blicable tests

as described MO 746 A Or CAN/CSA-C222 No 017

In Mexico, this requirement does not apply.

4.5.3.3 Pliable, molded natural or synthetic rubber, or a combination thereof, or a pliable composition, the
basic constituent of which is vinyl chloride or a copolymer of vinyl chloride and vinyl acetate, in the finished
device that complies with Clause 5.2, may be employed as an insulating material for the enclosure of an
attachment plug or a cord connector.

4.5.3.4 In Mexico, a product with a nonmetallic enclosure or a nonmetallic part of an enclosure shall
comply with the applicable tests of this standard.
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4.5.4 Metallic enclosures

4541 In Canada and the United States, an enclosure may be constructed of iron, steel, copper, brass,
zinc, aluminum, or their alloys. Aluminum alloys containing less than 80 percent aluminum shall not be
used. Magnesium and its alloys shall not be used.

In Mexico, an enclosure may be constructed of iron, steel, copper, brass, zinc, aluminum, or their alloys.
Magnesium and its alloys shall not be used. Aluminum alloys containing less than 80 percent aluminum
shall not be used - this shall be determined by manufacturer's declaration.

4.5.4.2 Zinc or a zinc-based alloy shall not be used for an enclosure or parts of an enclosure which are in

the primary g

roundina/baondina nath
J Jgr *

4.5.5 Attad
4551 An
4.5.6 Spec

45.6.1 An
with the appl

4.6 Currentt

46.1 Acur
application.

4.6.2 Stain
4.6.3 Press

4.6.4 lron (
screws, plate

hment plugs
ttachment plug shall not be provided with more than one multiconductor cord-o
fic enclosures

bnclosure marked with one or more environmental enclosure type designations
cable requirements in Clauses 5.30 and 7.1.14.

-carrying parts

rent-carrying part shall be of silver, copper;(a copper alloy, or other material accs
Plated iron or steel shall not be used forparts that are depended upon to carry cy

ess steel may be employed for a part not subject to arcing.
ure wire terminal screws and.wire binding screws may be made of plated iron or|

r steel, if protectedvagainst corrosion by zinc, tin, or equivalent plating, may
s, yokes, or other-parts that are employed as a means of clamping the condu

that such paits are not the pfimary current-carrying members.

4.6.5 Suita
that plugs wi

ble means.shall be provided for retaining live parts within such limits of alignmen
| enterreceptacles, connectors, and the like in the intended manner.

itlet hole.

shall comply

ptable for the
rrent.

steel.

be used for
ctor, provided

t as to ensure

4.6.6 Unins

ulated live parts shall be secured in place to ensure the clearances and creepage distances

required in C

lauses 4.7.1 and 4.7.3 are maintained.

4.6.7 A current-carrying part shall be prevented from turning relative to the surface on which it is
mounted if such turning would result in a reduction of spacings below the minimum acceptable values.

4.7 Clearances and creepage distances

4.7.1

a) Field wiring terminals of opposite polarity; and

b) A field wiring terminal and any other uninsulated metal part of a different polarity.

The clearances and creepage distances shall be not less than 6.4 mm (1/4 inch) between:
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4.7.2 For field wiring terminals intended for solder connections using solid or tin dipped stranded wire
only, the minimum clearances and creepage distances between the terminals shall be as specified in UL
840, CSA C22.2 No. 0.2, or NMX-J-597/1-ANCE. See Clause 7.1.12.2.

4.7.3 In all circuits other than at field wiring terminals, the acceptability of the clearances and creepage
distances between an uninsulated live part and any other uninsulated metal part not of the same polarity
shall be as specified in UL 840 or IEC 60664-1 or CSA C22.2 No. 0.2 or NMX-J-597/1-ANCE.

4.7.4 The dead metal mentioned in Clause 4.7.3 includes a metal surface on which the device is
mounted in the intended manner. A dead-metal screw head, rivet, or the like, shall not be considered to be
exposed to contact by persons after the device is installed in the intended manner if it cannot be contacted

by the probe i

lustrated in Figure 1

4.7.5 Cleard
or CSA C22
category, the
characteristic

4.7.6 Cleard
without matin
position of a

4.7.7 Thec
and over ing
anticipated ¢
clamped con
an opening tg

4.7.8 Indoo
equipment sh
suitable enclg
The interior o
requirements
requirements

4.7.9 Plugs
and receptac
defined in UL

4.8 Access

;

nces and creepage distances shall be measured in accordance with UL 840.0r
2 No. 0.2 or NMX-J-597/1-ANCE. In determining the pollution degree and
end-use application may be considered for a higher pollution degree.and may
5 given in Clauses 4.7.8 and 4.7.9.

nces and creepage distances shall be measured in all cenditions of use, b
g devices of the intended configuration installed and apy>movable parts disy
ninimum spacing.

earances and creepage distances required in Clause 4.7.1 shall be measure

nductor size. They shall be measured from?any point on the terminal that ca
uctor as in the case of a wire-binding-screw terminal, or from any point on the
receive a conductor in the case of an enclosed terminal.

use equipment shall comply with the requirements for pollution degree 3.
all comply with the requirements for pollution degree 4, unless protection is §
sure appropriate for the installation in which case a lower pollution degree can
equipment with enclosure’ Types 3, 3S, 4, 4X, 6 and 6P or Marine Type shall co
for pollution degree 8. Hermetically sealed or encapsulated enclosures shall co
for pollution degree 1.

connectors,.inlets, and other cord connected devices shall be rated overvoltag

840 or}EC 60664-1 or CSA C22.2 No. 0.2 or NMX-J-597/1-ANCE.

bility of live parts

IEC 60664-1
overvoltage
modify those

pth with and
laced to the

i through air

ulating and conductive surfaces with the device wired as intended with the maximum

h contact the
perimeter of

Outdoor use
fforded by a
be achieved.
mply with the
mply with the

e Category Il

es and other devices connected to fixed wiring shall be rated overvoltage Category Il as

4.8.1

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

uninsulated live parts, a live part shall not be contacted by the probe illustrated in Figure 1. See Clause
4.8.6.

4.8.2 The contacts of an outlet device need not be evaluated for accessibility.

4.8.3 The probe illustrated in Figure 1 shall be applied to any depth that the recessing will permit, and
shall be rotated, changed in configuration or angled before, during, and after application to any position
that is necessary to examine the device.

4.8.4 The probe mentioned in Clause 4.8.1 shall be used as a measuring instrument to judge the
accessibility provided by the recessing and not as an instrument to judge the strength of a material. The
probe shall be applied with a force of 13 N (3 Ibf) to determine accessibility.
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4.8.5 During the examination of a product to determine whether it complies with the requirements in
Clause 4.8.1, the device shall be wired and assembled in accordance with the manufacturer's instructions.
Any other part that can be opened or removed by the user without using a tool shall be opened or

removed.

4.8.6 Mating devices shall not have exposed live contacts when fully mated or during engagement or

withdrawal.

4.8.7 Compliance with Clause 4.8.6 shall be determined with the use of the probe shown in Figure 1 in
every possible position. See Clause 4.8.3.

4.8.8 The

t exceed 10.2

mm (0.400 in

4.9 Grounding/bonding and dead-metal parts

4.9.1
grounding/bg
C22.2 No. 0.

49.2 Thed
outlet intend
housing, hog
enclosure.

4.9.3 In thg
means, hous
the equipme

In Canada, this requirement does not apply:

4.9.4 In the
marked in ag

In Canada, this requirement'does not apply.

495 Adey

a) Th

A grounding/bonding type device shall have a separate contactMor interconn

robe-shallnot be gpplind to-holes inthe shroud prn\lirlnrl for |r\r~|1ing if fhny don

ch) in diameter.

nding conductor. In Canada, the means for providing bonding shall comply w
1.

rounding/bonding terminal or lead and its corresponditig contact of a male inlet
ed for permanent installation shall be conductigely’ connected to the mou
d, shell or other dead-metal parts of a device that can come into contact with {

United States and Mexico, the conductive connection need not be provided if
ing, hood, or shell is constructed of .an;insulating material and the lack of groun
nt enclosure is readily apparent.

United States and Mexico, the conductive connection need not be provided if
cordance with Clause'7.1.3.1.

ice that’has a metal shell used as the grounding/bonding contact member shall |

b surface of the shell that is depended upon for grounding/bonding continuity sh

non-

bction of the
ith CAN/CSA

or equipment
nting means,
he equipment

the mounting
j continuity to

the device is

be as follows:

all not have a

nductive r\nnﬁng or othenwise be elthinr\fnd to_conditions that can res.

It in loss of

grounding/bonding continuity;

b) One or more separate spring

type components shall be

grounding/bonding path continuity;

c¢) The grounding/bonding components shall be protected against damage; and

incorporated to provide

d) In the United States and Mexico, the shell shall comply with the requirements of Clause 5.16. In
Canada, this requirement does not apply.

4.9.6 The grounding/bonding contact shall be located and formed so the path of electrical continuity to
the grounding/bonding contact of the mating plug is completed before continuity is established between
any other contact and its respective contact on the plug.
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4.9.7 The grounding/bonding contact need not make contact before any other contact if the device is of
the interlocked type, which requires disconnection of the supply circuit before the plug can be inserted or
removed.

4.9.8 The grounding/bonding contact path, except for the metal housing or mounting, shall be of copper
or a copper alloy or equivalent material. If a metal housing is a part of the primary grounding/bonding path,
it shall not be of zinc or a zinc-based alloy.

4.9.9 A copper-base alloy rivet that is used to hold parts together in the grounding/bonding-contact path

or forms a part

of the grounding/bonding path shall not contain less than 80 percent copper.

i in_th dina/bandi tact th _shall b d _h i
4910 A copnhection—in e—grounding/bonding-contact pa sha e _secure. v rive

clamping, or
requirements

4911 Inm4
not be capalt
enclosure. Th
contacts, exd
Clause 5.27.

4912 Ale
be conductiveg

velding or by an equivalent mechanical means of securement, capable of comp
of Clause 5.16.

ting devices provided with a grounding/bonding contact, the grounding/tbonding
le of touching a line-side phase contact, independent of any ppolarization fg
is requirement is applicable only to devices rated 100 A and.less, with four or
luding grounding/bonding contacts. Such devices shall comply with the req

posed non-current-carrying metal parts of a devicejthat are likely to become en
ly connected to the ground/bond.

ing, bolting,
ying with the

contact shall
bature of the
fewer power
uirements of

ergized shall

4.9.13 Grounding/bonding and other dead-metal parts‘shall be secured in place so that fhe spacings
required in Clause 4.7 are maintained.
410 Grounding/bonding connections
4.10.1 The prounding/bonding conductors-of a device shall not be smaller in size than ag indicated in
Table 3.
4.10.2 An integral grounding/bending pigtail lead for field connection shall not be shorter thgn 150 mm (6
inches).
4.10.3 A terminal provided for the field connection of a grounding/bonding conductor shall:
a) Employ a-mechanical clamping means that does not depend upon solder for the ¢onnection of
the wife;-and
b) Be capable of securing a conductor of the minimum size indicated in Table 3.

4.11 Terminal parts

4.11.1

Devices shall be provided with suitable terminals or leads for the connection of conductors having

an ampacity not less than the current rating for which they are intended in accordance with NFPA 70, CEC
C22.1, or NOM-001-SEDE, as applicable. See Clauses 7.1.1.2-7.1.1.5.

4.11.2 In the United States, pressure wire and set screw terminals used with single or multiple copper
conductors for fixed wiring shall comply with the applicable requirements in UL 486E. In Canada, the
terminals of a device shall comply with the applicable requirements of CSA C22.2 No. 158. In Mexico, the
terminals of a device intended to accommodate 8 AWG or larger conductor shall comply with the
requirements of Supplement SB, Equipment Wiring Terminals for Use with Copper Conductors.
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4.11.3 The tightening torque for the field wiring terminals of the devices mentioned in Clause 4.11.2 shall
be specified by the device manufacturer and shall be marked as described in Clause 7.1.12.1.

4.11.4 A terminal plate that has a tapped hole for a soldering lug or pressure-wire connector shall be at
least 1.27 mm (0.050 inch) thick and shall have no fewer than two full threads in the metal for a terminal
screw.

4.11.5 Wiring terminals of a receptacle or power inlet shall be located or protected such that they cannot
be forced against the wiring in the terminal box or compartment during installation.

4.11.6 Crimp type terminals may be provided with an inspection hole at the end of the crimp well to

assure the full insertion of the r\nnrhlr\fnr_ Devices with r\rimp terminalse shall ha rrovided W|th
manufacturef's installation instructions and be used with stranded conductors only, ‘afld marked in
accordance \ith Clause 7.1.12.3.

4.11.7 Wirs
in Table 4. W

411.8 AN
Table 4, with
at the tappe
determine cq
wire shall be
then be tight
1.8 N-m (16

4119 Awi
hold a wire u

4.11.10 Ten
circuit condd
cadmium.

41111 Fon

binding screws used in making electrical connections shall not be Smaller th
iring terminal screws shall have no fewer than two threads of engagement into

. 8 or larger binding screw that has more than the numberof threads per inc
a terminal plate formed from stock 0.76 mm (0.030 inch)dhick, may have the n
d hole to provide the two full threads of minimum_erngagement for the bind
mpliance with note b of Table 4, six devices shallbewsed. Solid 14 AWG (2.1
placed under the screw head and wrapped 2/3-=3/4 turn around the screw. TH
bned with a clutch-type torque screwdriver whichhas been calibrated and prese
bf in).

ring terminal that involves a wire-binding'screw shall have upturned lugs, or the
nder the head of the screw.

minal parts that are dependéed-upon to carry current and that come into contag
ctors other than the grotnding/bonding conductor shall not have a coatin

412 Pin-t

4121

In agdition-to the general performance requirements, an attachment plug or cord d
employs either pin-type (insulation-piercing) or insulation-displacement terminals shall alsg
the requirern nts in Clause 5.31

pe (insulation-piercing) or insulation-displacement terminals

B

as indicated
etal.

h indicated in
etal extruded
ng screw. To
mm?) copper
e screw shall
t to release at

equivalent, to

t with branch
g of zinc or

a receptacle or aninlet, the integral supply leads shall not be shorter than 10 cnp (4 inches).

onnector that
comply with

4.12.2

insulation displacement terminals shall not be rated more than 30 amperes.

413 Assembly

413.1 Gen

4.13.1.1

eral

Attachment plugs or cord connectors that employ either pin-type (insulation-piercing) or

A device incorporating two or more pieces shall be of such design that any intended

grounding/bonding contact polarization will not be defeated by improper assembly during installation.

4.13.1.2 Means shall be provided for securely attaching the body of an inlet to the supporting base.
When assembled, the body shall be prevented from turning with respect to the base.
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4.13.1.3 Screws upon which the permanent assembly of a device depends shall not loosen under normal
use.

4.13.1.4 A device shall be capable of being readily wired as intended and shall be capable of accepting a
flexible cord, cable, or Appliance Wiring Material (AWM) having an ampacity at least equal to the rating of
the device and of the type and size specified by the manufacturer.

4.13.1.5 Electrical contact shall be reliably maintained at any point at which a connection is made
between current-carrying parts.

4.13.1.6 A sealing compound, if used, and in contact with live parts, shall be of an insulating, waterproof

material that

uctors.

4.13.1.7 In
compound sh
point of a seq

413.1.8 Su
4.13.2 Mati

41321 A
constructed {
when the mat]

4.13.2.2 An
for use with th

4.13.2.3 Att

different elecfrical ratings or are intendedt0-be wired with conductors having different tempe

shall not be in

dllnot melt or flow at 2 temnearature lower than the temnerature ratina of the co
Lig 1 4

Canada and the United States, the determination of the softening . point

all be made in accordance with ASTM E 28. In Mexico, the determination of
ing compound shall be made in accordance with NMX-T-144-SCFlI,

phur shall not be not acceptable as a sealing compound.

ng and intermateability

jevice, including any configuration illustrated in<Figures C1 — C5 of UL 16
0 that electrical continuity between respective and similarly marked terminals i

ng plug and outlet device are connected together.

outlet device shall not permit an attachment plug other than one that is specifig
e outlet to be inserted to the extent thatelectrical contact is made.

Achment plugs, cord connectors; power inlets, receptacles, and other devic

terchangeable with one @nether. See Clauses 5.24.2,7.1.1.3,and 7.1.1.4.

4.14 Interl

4141

4.14.2 The interlocked switch or circuit breaker shall break all ungrounded supply conductori

An interlocked switch or circuit breaker employed in an outlet-plug combinat
constructed do the plug)cannot be withdrawn from the outlet while the contacts are alive, 0
when the swifch or cifcuit breaker is in the “On” position.

cks

of a sealing
he softening

86, shall be
5 established

ally intended

s that have

ature ratings

on shall be
I be inserted

7

4143 Thei

nterlocking mechanism shall comply with the requirements of Clause 5.19.

4.14.4 A pilot contact switch shall comply with the applicable requirements for auxiliary devices in UL
508, CSA C22.2 No. 14, or NMX-J-515-ANCE.

4145 Asw

itch shall comply with the applicable requirements in the following:

a) NMX-J-162-ANCE/CSA-C22.2 No. 4/UL 98,

b) UL 508, CSA C22.2 No. 14, or NMX-J-515-ANCE, or

¢) NMX-J-005-ANCE /CSA C22.2 No. 111/UL 20.
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4.14.6 An interlock employing a circuit breaker shall comply with the applicable requirements in NMX-J-

266-ANCE/C

SA C22.2 No. 5/UL 489.

4.15 Devices intended to accommodate a fuse

4.15.1

voltage rating not less than the voltage rating of the device.

Devices shall be constructed so that they will accommodate an enclosed fuse or fuses having a

4.15.2 The arrangement for holding the fuse shall comply with the requirements in NMX-J-009/4248/1-
ANCE/CSA C22.2 No. 4248.1/UL 4248-1, in conjunction with any of the associated Standards tabulated
below, as applicable for the class of fuseholder:

a) NM
b) NM
c) NM
d) NM
e) NM
f) NM
g) NM

h) NM

4.15.3 A dd
any provisior

X-J-009/4248/11-ANCE/CSA C22.2 No. 4248.11/UL4248-11,

X-J-009/4248/4-ANCE/CSA C22.2 No. 4248.4/UL 4248-4,
X-J-009/4248/5-ANCE/CSA C22.2 No. 4248.5/UL 4248-5,
X-J-009/4248/6-ANCE /CSA C22.2 No. 4248.6/UL 4248-6,
X-J-009/4248/8-ANCE/CSA C22.2 No. 4248.8/UL 4248-8,
X-J-009/4248/9-ANCE/CSA C22.2 No. 4248.9/UL 4248-9;

X-J-009/4248/12-ANCE/CSA C22.2 No. 4248.12/UL 4248-12, or

X-J-009/4248/15-ANCE/CSA C22.2 No. 4248.15/UL 4248-15.

vice shall include provision for a fuse;in each ungrounded conductor, but ther
for a fuse in any other conductor.

b shall not be

4.15.4 The[removal or replacement of-a-fuse shall not expose any live parts in a devicg to personal
contact.
4.15.5 The|construction of a plug shall ensure that a fuse or fuses will not be removable when the plug is

engaged in 3

4156 An 4
components

a)lts

n outlet.

nclosureshall be provided for the fuse or fuses in a device intended to accon;
An enclosure shall comply with all of the following:

hall.be of a moisture-resistant material in accordance with Clause 5.7.

modate such

1) Fiber and similar absorptive materials shall not be considered as hav
absorptive properties acceptable for use as the enclosure of a fuse.

ing moisture-

2) Molded phenolic and similar thermosetting polymeric materials shall be considered as
having moisture-absorptive properties acceptable for use as the enclosure of a fuse.

b) It shall reduce the likelihood of persons unintentionally contacting uninsulated live parts of the
fuse and fuse holder.

c) It shall confine the effects of a fuse rupture to the interior of the enclosure.

d) It shall comply with the requirements for insulating materials in Clauses 4.3.3 — 4.3.5.
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4.15.7 Polymeric materials used as the enclosure of a fuse shall have a flame class rating of V-0, V-1, V-
2, 5VA, or 5VB in accordance with the requirements of UL 94, CAN/CSA-C22.2 No. 0.17, or NMX-J-565/3-

ANCE.

4.16 Cord or cable grip

4.16.1

A cord or cable grip shall be provided on a plug or cord connector to:

a) Permit the flexible supply cord or cable to be readily replaced; and

b) Prevent a stress from being transmitted to the conductor connections within the terminal
enclosure.

4.16.2 Devi
the requireme

4.16.3 If thd
assembled in|
cable entry s
cable.

4.16.4 The
flexible cords
cord (pushing

4.16.5 Devi
means capal]
identified by t

4.16.6 Devi
an AWM cor
Appliance Wi
4.16.7 The

5 Tests

ces provided with a suitable flexible conduit adapter or threaded inlet need Inof
nt of Clause 4.16.1.

cord or cable grip is threaded to the enclosure, it shall form a(tight engagg
the intended manner, the cord or cable entry shall not turn or loosen. The grif
nall be smooth and free from sharp edges that can damage. the“jacket of the fle

strain relief means shall be capable of being easily.fightened or assembled on
to grip both the jacket and individually insulated ‘€onductors so that forces ex
or pulling) are not transmitted to the wiring terminal.

Ces intended to accommodate more than<2-pilot pins or contacts shall employ
he manufacturer.

ces having two or fewer pilot contacts which are also intended and so identifieq
i or cable shall employ a:strain relief means capable of being assembled or

ing Material (AWM) stylé number as identified by the manufacturer.

cord or cable grip/shall comply with the requirements of Clause 5.12.

5.1

5.1.1 Perior

Represeg

ntative-devices

le of being assembled on the specific:Appliance Wiring Material (AWM) style

comply with

ment. When
and cord or
Xible cord or

the specified
erted on the

b strain relief
number as

for use with
the specific

nce with the

manufacturer's instructions. Testlng W|th the use of a 60 Hz supply voltage may represent testlng with the
use of a higher frequency supply voltage not exceeding 400 Hz. A 60 Hz test current at 110 percent of the
rated current is considered to represent a 50 Hz rating.

5.1.2 Unless stated otherwise, the test potential of a test circuit shall not be less than the test potential in
volts corresponding to the voltage rating of devices as indicated in Table 5.

5.1.3 Unless indicated for use at a higher ambient temperature, the tests shall be conducted at any
ambient temperature within the range of 10 — 40°C (50 — 104°F). The ambient temperature shall be
determined using either thermometers or thermocouples placed in the vicinity of the equipment being
tested. See Clause 7.1.1.1.

5.1.4 Temperature readings shall be obtained by means of thermocouples consisting of 28 — 32 AWG
(0.08 — 0.032 mm?) iron and constantan wires. It is a common practice to employ thermocouples
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consisting of 30 AWG (0.05 mm?) iron and constantan wires with a potentiometer type of indicating
instrument. This equipment shall be used if a referee measurement of temperature is necessary.

5.1.5 Unless stated otherwise, three representative devices shall be used for each test. A lesser number
of complete devices may be used if:

a) The test can be repeated using different portions of a previously tested device; and

b) Agreeable to all parties concerned.

5.1.6 Devices shall be subjected to the appropriate tests outlined in Table 6.

5.2 Accele

5.2.1 Rubh
5211 An
deterioration
in a full-draft

5212 Ifp

be determin¢d as the average of five readings with an appropriate gauge, such as the F

gauge or the
hours after

readings. Th
after exposu

In Mexico, th

5.2.1.3 The
of rubber ang

5.2.2 PVC

5221 Ad
thermoplasti

rated aging

er compounds

nolded-rubber attachment plug, or cord connector, or parts shallDnot show

circulating-air oven at a temperature of 100.0 £1.0°C (212.0 £1,8°F).

pssible, the molded rubber device shall be used complete. The hardness of th
Shore Durometer. The device shall be allowed.to rest at room temperature fo
emoval from the oven. The hardness shallcbe" determined again as the aV

e difference between the average original hardness reading and the average
e to the heat conditioning is the change in hardness.

e Shore Durometer is described in NMX-T-024-SCFI.

accelerated-aging tests mentioned in Clauses 5.2.1.1 — 5.2.1.2 shall be made
on each basic rubber compound employed for the device.

compounds

evice having a body of molded plasticized polyvinyl chloride or a polyvinyl chlori
b elastomershaving a hardness of Shore D65 or less shall not show any cracks,

or other visi

oven at a temperature-of 100.0 £1.0°C (212.0 £1.8°F).

In Mexico, the Shore Durometer is described in NMX-T-024-SCFI

le signs-of deterioration as the result of exposure for 96 hours in a full-draft

any apparent

and no greater change in hardness than five numbers as the result of exposure for 70 hours

b rubber shall
Rex hardness
four or more
erage of five
reading taken

pn each color

de copolymer
discoloration,
circulating-air

5.3 Comparative tracking index

5.3.1

A polymeric material used for electrical insulation, an internal barrier necessary to maintain

electrical clearances and creepage distances, or enclosure of live parts, tested in accordance with UL
746A, CAN/CSA-C22.2 No. 0.17, or NMX-J-597/1-ANCE, shall have a minimum Performance Level Class
of 3 or a minimum CTI voltage of 175.

5.4 Glow wire

5.4.1 A polymeric material used for electrical insulation, an internal barrier necessary to maintain
electrical clearances and creepage distances, or enclosure of live parts shall be tested in accordance with
the requirements of Clause 5.4.2 to determine its resistance to ignition from overheated conductors
caused by circuit overloads.
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5.4.2 Three finished devices, or fewer, if appropriate, shall be subjected to the glow wire ignition test
described in UL 746C, IEC 60695-2-10, or NMX-J-565/2-10-ANCE. There shall not be ignition of the
insulating material during 30 seconds of application of the probe at 750 °C £+ 10 °C.

5.5 High-current arc resistance to ignition

5.5.1 A polymeric material used for electrical insulation, an internal barrier necessary to maintain
electrical clearances and creepage distances, or enclosure of live parts, when tested as described in
Clauses 5.5.4 — 5.5.7 shall not ignite within the number of arcs specified in Table 7 for the flame class of
the insulating material. In addition, there shall not be dielectric breakdown caused by formation of a

permanent carbon conductor path.

5.5.2 Aning
Clause 5.26 1

5.5.3 Aning
accordance W
the test in Clg

5.5.4 Three
will cause the
if the material
the test circui

5.5.5 The tg
of the device
between the

attempt to ign
different pote
The conducti
build-up acro
arc length de
C22.2 No. 0.4

ulating material used in the face of an outlet device that has been subjected
eed not be subjected to the test in Clause 5.5.1.

ulating material that has previously been accepted for use in the face'6f an ou
ith Clause 5.5.2 shall be acceptable for use in other applications.Without being
use 5.5.1.

fully assembled devices shall be tested. When preparing devices for test, the ¢
greatest arcing near the material being tested in the device shall be simulated.

being tested is used in the face of an attachment plug,/one line contact shall be
described in Clause 5.5.5.

st circuit shall provide test currents and test'Woltages equal to the current and v¢
o be tested but not exceeding 30 A or 240.V ac in any case. The test arc shall b

ite materials forming parts of the enclosure or to ignite materials located betwee
htial. The arc shall be established)by means of a copper or stainless steel cond
e probe shall be used to break through insulation, create arc tracking, or cre
5s the surface of the insulating material at the rate of 30 — 40 arc separations pe
veloped with the probe 'shall not exceed the creepage distances specified in

, or NMX-J-597/1-ANCE.

556 Imme

iately following the completion of the arcing portion of the test, the device shall

to the test in

tlet device in
subjected to

ondition that
For example,
connected to

Itage ratings
b established

ive parts and any adjacent part wherg breakdown is likely to occur. The arc shall be used to

h the parts of
uctive probe.
ate a carbon
" minute. The
UL 840, CSA

be subjected

to a 50 — 60 Hz essentially sinusoidal potential applied as described in Clause 5.5.7 between live parts of
opposite poldrity and_between live parts and non-current-carrying parts. The test potentia

indicated in

lause §:10. Humidity conditioning shall not be applied.

shall be as

vhose output

5.5.7 The device shall be tested by means of a 500 VA or larger capacity transformer v

voltage is essentially sinusoidal and can be varied. The applied potential shall be increased from zero until
the required test level is reached, and shall be held at that level for one minute. The increase in the applied
potential shall be at a uniform rate and as rapid as is consistent with its value being correctly indicated by a
voltmeter.

5.5.8 If the output of the test-equipment transformer is less than 500 volt-amperes, the equipment shall
include a voltmeter in the output circuit to indicate the test potential directly.

5.6 Mold stress relief

5.6.1 As a result of temperature conditioning specified in Clause 5.6.3, there shall not be any warpage,
shrinkage, or other distortion that results in any of the following:
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a) Making uninsulated live parts, other than exposed wiring terminals, or internal wiring accessible
to contact by the probe illustrated in Figure 1. See Clause 4.8.3;

b) Defeating the integrity of the enclosure so that acceptable mechanical protection is not afforded

to the

internal parts of the device;

c) Interference with the operation, function or installation of the device;

d) A condition that results in the device not complying with the strain relief requirements, if
applicable;

e) A reduction of clearances and creepage distances between uninsulated live parts of opposite

v, uninsulated live parts, and accessible dead or grounded/bonded metal below the minimum

polari
accef]
f) Any
5.6.2 Devid
test.
5.6.3 Thed
(18°F) highg
described in

then be rema

5.6.4 Imme
described in

5.7 Moistufe absorption resistance

5.7.1 Moist
572 Then
a) Dri
b) We

¢) Immersed indistilled water at 23 +1°C for 24 hours;

d) Re

table values; and

other evidence of damage that could increase the risk of fire or electric shock.

es employing only thermosetting materials need not be subjected+to the mol

evices shall be placed in a circulating-air oven maintained at a temperature of
r than the maximum temperature of the device méasured during the tem
Clause 5.25, but not less than 70°C (158°F). The devices shall remain in the ove
ved from the oven and allowed to cool to room temperature before determining

diately following the completion of this tesf, the devices shall be subjecte
Clause 5.10.

ure-resistant insulating materials ‘shall not absorb more than 6 percent of water 4

naterial shall be:
ed at 105 +5°C for<{“hour;

ighed (W+);

moved from the distilled water and the excess surface moisture wiped off; and

| stress relief

at least 10°C
perature test
n for 7 hours,
compliance.

d to the test

y mass.

e) Reweighed (W,).

5.7.3 The moisture absorbed by the material shall be calculated as:

574
value of 6 pe

W, - W,

1

% 100%

rcent or less need not be tested.

In Canada and the United States, a material tested in accordance with ASTM D 570 and having a

In Mexico, a material tested in accordance with NMX-J-565-ANCE and having a value of 6 percent or less
need not be tested.
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5.8 Humidity
5.8.1 Devices shall not be adversely affected by humid conditions which may occur in anticipated use.

5.8.2 Cable entries, if any, shall be left open. If knock-outs are provided, one of them shall be opened.

5.8.3 Previously untested devices, wired as intended, shall be used for this test. A mating attachment
plug shall be inserted into the contact openings of one of the mating devices. Covers which can be
removed without the aid of a tool shall be removed and subjected to the humidity conditioning with the
main part; spring lids shall be open during this conditioning.

5.8.4 The devices—she

minimum rel

5.8.5 After

5.10.

5.9 Insulati
5.9.1 Thein

than 5 megoHh

5.9.2 Comp
cabinet or in
of covers whi

5.9.3 Forth

5.9.4 Thein
measuremen

595 Forre

a) Bet
witho|

b) Bet
engag

of 35 £2°C

95 +3.6°F)

ue (t)

90+

ive humidity of (

maintained at a

his conditioning, the devices shall be subjected to the tests described in Clalises 5.9 and

pbn resistance

sulation resistance of a device, after conditioning as indicated in Clause 5.8, sha
ms.

iance shall be checked by the tests made immediately after the humidity test in
he room in which the devices were brought to'the prescribed temperature, afte
th may have been removed.

sulation resistance shall be measured with a dc voltage of approximately 500
being made 1 minute after application of the voltage.

ween all poles eonnected together and the body. The measurement shall be m
t a plug in engagement;

ween each pole in turn and all others, these being connected to the body, W
emeniand

Il not be less

the humidity
I reassembly

b purpose of these tests, the neutral ¢ontact and pilot contact are each considered as a pole.

applied, the

ceptacles and connectors, the insulation resistance shall be measured consecutjvely:

ade with and

ith a plug in

c) Bet

ween any metal enclosure and metal foil in contact with the inner surface of

its insulating

lining, if any, a gap of approximately 4 mm (0.15 inches) being left between the metal foil and the
edge of the lining.

5.9.6

For plugs, the insulation resistance shall be measured consecutively:

a) Between all poles connected together and the body;

b) Between each pole in turn and all others, these being connected to the body; and

c) Between any metal enclosure and metal foil in contact with the inner surface of its insulating
lining, if any, a gap of approximately 4 mm (0.15 inches) being left between the metal foil and the
edge of the lining.

5.9.7 The term “body” includes all accessible metal parts, metal foil in contact with the outer surface of
external parts of insulating material, other than the engagement face of connectors and plugs, fixing
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screws of bases, enclosures and covers, external assembly screws, and grounding/bonding terminals, if
any.

5.10 Dielectric withstand

5.10.1 Devices intended for permanent or fixed installation shall withstand without breakdown a 50 — 60
Hz essentially sinusoidal potential applied as described in Table 8 for one minute between live parts of
opposite polarity and between live parts and grounding/bonding or non-current carrying immediately
following the humidity conditioning and insulation resistance measurements described in Clause 5.8 and

Clause 5.9.

5.10.2 Eac

voltage is es
the required
potential sha|
voltmeter.

5.10.3

5.10.4 Dev

installation op

plus 2 times

between livg

conditioning
5.10.5
connectors,

its intended

device.
5.11

5111 Ifa

device befor¢ the elementhas been assembled into the device, the connection shall not brea

applied for 1
the device.

5.11.2 Whil

If thd
include a volimeter in the output circuit to indicate the test potential directly.

Imm

Ie

results in thg

Conductor secureness

h-device-shall be tested h\/ means-of a2 500 \/A or |9rﬁnr r\gpnr\lh/ transformer

sentially sinusoidal and can be varied. The applied potentlal shall be increased
est level is reached and shall be held at that level for one minute. The increase
| be at a uniform rate and as rapid as is consistent with its value being correctly

b output of the test-equipment transformer is less than 500 volt-amperes, the eq

ces intended for other than fixed or permanent_.installation and devices
flexible cords shall be capable of withstanding the\application of an ac pote
he rated voltage applied for a period of one minute between live parts of opposi
parts and grounding/bonding or non-current\carrying immediately following

ediately after the test, it shall be possible to engage mating plugs,
ny of which are made of thermoplastic materials. It shall be impossible to mate
ceptacle or connector in any butithe correct polarization. There shall be no de

exposure of live parts, or tothe extent affecting the intended and proper fung

onductor of a flexible cord or cable is connected to an element (male or femalg

minute between the element and the conductor before the element has been a

A

and insulation resistance measurements described in Clause 5.8 and Clause 5.9.

~vhose output
rom zero until
in the applied
ndicated by a

uipment shall

intended for
ial of 1000V
polarity and
the humidity

recgptacles, and

the plug with
ormation that
tioning of the

contact) of a
k under a pull
5sembled into

e the test mentioned in Clause 5.11.1 is being performed, the angle between th

element and

the cord conductor shall be that used in the completely assembled device. The pullout force as specified in
Table 9 shall be applied gradually.

5.11.3 Devices employing more than 2-pilot pins or contacts shall be tested as described in Clauses
5.11.1 and 5.11.2, except using the Appliance Wiring Material (AWM) style as identified by the
manufacturer.

5.11.4 Devices having two or fewer pilot contacts that are also intended for use with an AWM cord or
cable shall be additionally tested as described in Clauses 5.11.1 and 5.11.2 using the Appliance Wiring
Material (AWM) style as identified by the manufacturer.
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5.12 Cord or cable secureness

5.12.1 A cord or cable connected device shall not show any evidence of damage to the flexible cord or
cable, the enclosure of live parts, the strain relief means, or grounding/bonding means after the force
specified in Table 10 is applied and removed. It shall be tested using both the maximum and minimum
diameter flexible cord or cable that the cable grip is designed to accommodate. After being subjected to
each test described and with the force removed, there shall be no axial displacement of the supply
conductors, conductor insulation, or outer jacket of the flexible cord or cable from the assembled condition
exceeding the maximum allowed displacement as specified in Table 10.

5.12.2 The device shall be assembled as intended onto a 30 cm (12 inch) or longer length of flexible cord
or cable placed in the device with its conductors positioned as if the conductors were to be connected to

the terminalg
instructions. 1

5.12.3 The
sustained for
from the cord
flexible cord d

5.12.4 After
cable at a po
direction leas

5.12.5 Devi

. Screws, nuts, or other hardware shall be tightened according to the im
[he flexible cord or cable shall be cut at a right angle to its major axis (but net istri

cord or cable clamp shall be held firmly in place. The force shall be applied d
a period of 1 minute to the flexible cord or cable, at a point not,leSs than 15 @
or cable grip, in a direction perpendicular to the plane of the opening and in
r cable.

nt 15 cm (6 inches) from the cord or cable grip (as-specified in Table 10) for 1
favorable to the clamp construction.

ces employing more than 2-pilot pins or cantacts shall be tested as describe

anufacturer's
pped).

radually and
m (6 inches)
line with the

the force in Table 10 is applied and removed, a torqueshall be applied to the flgxible cord or

minute in the

d in Clauses

5.12.1 — 5.12}4, except using the Appliance Wiring Material (AWM) style as identified by the manufacturer.
5.12.6 Deviges having two or fewer pilot contacts that are also intended for use with an AWM cord or
cable shall be additionally tested as describéd in Clauses 5.12.1 — 5.12.4 using the appliance wiring
material (AWM) style as identified by the manufacturer.

5.13 Impact (plugs and connectors)

5.13.1 A rewireable plug or a connector shall be fitted with a length of the maximum size flgxible cord or
cable, as spefified in the manufacturer's instructions, that corresponds to the rating of the devjce.

5.13.2 The free end-af.the cord or cable, which shall be approximately 2250 mm (90 inchefs) long, shall

be fixed to a V

5.13.3 The

vall at.a.height of 750 mm (30 inches) above the floor, as shown in Figure 2.

evice shall be held so that the cord or cable is haorizontal and then allowe

to fall to a

concrete floor eight times. The cord or cable shall be rotated through approximately 45° at its point of fixing
each time.

5.13.4 A device employing a nonmetallic enclosure or an enclosure of a zinc-based alloy shall be
conditioned for 6 hours in air maintained at =25 +1°C (=13 £1.8°F) prior to the test. Immediately following
removal from the conditioning chamber, the devices shall be subjected to the impacts as described in
Clauses 5.13.1 —5.13.3.

5.13.5 As a result of the applied impacts specified in Clause 5.13.3, there shall be no cracking or
breakage, deformation, loosening or detachment of parts, or other adverse effect that results in any of the
following:

a) Making uninsulated live parts or internal wiring accessible to contact by the probe illustrated in
Figure 1. See Clause 4.8.3;
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b) Defeating the integrity of the enclosure so that acceptable mechanical protection is not afforded
to the internal parts of the device or polarization of the device is defeated. Cracks, chips, and dents
that do not adversely affect the protection against electric shock or moisture shall be disregarded;

c) Interference with the operation, function, or installation of the device. The locking retaining
means used to hold mating devices together is not prohibited from sustaining damage if it does not
interfere with the operation or function of the devices or if it is obvious that they are damaged and
must be replaced;

d) A condition that results in the device not complying with the strain relief requirements, if
applicable;

e) A reduction-of-cleatances—and creepage distances hetween uninsulated live pars of opposite

polarity, uninsulated live parts and accessible dead or grounded/bonded metal below|the minimum
acceptable values; and

f) Any other evidence of damage that could increase the risk of fire or electric/shock.

Immeediately following the completion of this test, the devices shall be subjected {o a repeated

Dielectric Voltage-Withstand Test as described in Clause 5.10.

5.14 CrusHh

5.14.1 Devlces intended to be wired onto flexible cord shall:he' placed between flat rigid horizontal steel
plates which| are large enough to cover the device with¢the cable installed. A crushing force shall be
applied, incr¢ased gradually to a value of 1113 N (250 Ibf)yand held for one minute. The forcq shall then be
gradually removed. Each device shall be oriented in a‘hatural resting position before applyingd the force.

5.14.2 Thelflexible cord used to wire the device shall be the minimum size specified fon use with the

product by the manufacturer. See Clause 7.1.012.

5.14.3 A device employing a nonmetallic enclosure or an enclosure of a zinc-based alloy shall be
conditioned for 6 hours in air maintained at =25 £1°C (-13 £1.8°F) prior to the test. Immedigtely following
removal fron} the conditioning chamber, the devices shall be subject to the crushing force as described in

Clauses 5.14.1 — 5.14.2.

5.14.4 As a result of the applied force specified in Clause 5.14.1, there shall not be any cracking or

breakage, dgformationy(or other adverse effect that results in any of the following:

Figurg¢ 1. See Clause 4.8.3.

a) Mgking uninsulated live parts or internal wiring accessible to contact by the probT illustrated in

b) Defeating the integrity of the enclosure so that acceptable mechanical protection is not afforded
to the internal parts of the device or polarization of the device is defeated.

c) Interference with the operation, function or installation of the device. The locking retaining means
used to hold mating devices together may sustain damage if it does not interfere with the operation
or function of the devices or it is obvious they are damaged and must be replaced.

d) A condition that results in the device not complying with the strain relief requirements, if
applicable.

e) A reduction of clearances and creepage distances between uninsulated live parts of opposite
polarity, uninsulated live parts and accessible dead or grounded/bonded metal below the minimum
acceptable values.
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f) Any other evidence of damage that could increase the risk of fire or electric shock.
5.14.5 Immediately following the completion of this test, the devices shall be subjected to a repeated

Dielectric Voltage-Withstand test as described in Clause 5.10.

5.15 Withdrawal force

5.15.1

The pressure exerted by mating contacts of a plug with a receptacle or connector shall be

sufficient to keep it from working out of the receptacle or connector in normal use. The circuit shall not be
disconnected by the application of a force less than the value shown in Table 11. The force shall be
applied for one minute.

5.15.2 If thq plug, receptacle, and connector are of the mechanically interlocked type, the<fequirements
of Clause 5.1p.1 shall not apply.
5.15.3 Compliance shall be checked with the device fully engaged as intended;{mounted so the axis of

the contacts

are vertical with the device openings facing downward. During-the test, 2

operated locKing retaining devices shall not be engaged.

5.16 Groun

5.16.1 The
time specifieg

iding path current (In Mexico and the United States only)

Bssembly of mating grounding devices shall carry.thé current specified in Tah
in that table. The current shall be based on the:minimum size grounding condu

for the ampele rating of the device. See Table 12. The components in the grounding path sh

break, or mel{.

5.16.2 The
appropriate s
device, with f{
manufacturer

mating devices shall be mounted and’assembled as intended. A grounding con
ze, not less than 0.6 m (2 feet) long, shall be connected to the grounding terr
he terminals employed to hold<the conductor tightened using a torque as sp€
s instructions. Receptacles and power inlets shall be wired with the minimum 4

copper buildimng wire conductor. Plugs and connectors shall be wired with flexible, stranded cg

flexible cord
passed throu

5.16.3 After
assembly wh

5.16.4 Any
used to deter

pr cable sized on the.basis of the ampere rating of the device. The test cur
hh the mating devices and grounding wires in series.

having carried-the current specified in Clause 5.16.1, continuity shall exis
bn measured-between the grounding conductors.

ndicating device such as an ohmmeter, battery-and-buzzer combination, or the
minéwhether continuity exists.

ny manually

le 12 for the
ctor required
all not crack,

ductor of the
ninal of each
cified by the
llowable size
nductor from
rent shall be

on the test

like, may be

5.17 Short circuit withstand (motor rated devices)

5.17.1

5.17.11

General

A device having a motor rating of more than 1 horsepower (746 W) shall be subjected to the

tests in accordance with Clauses 5.17.2.5 — 5.17.2.15 when protected by a fuse or in accordance with
Clauses 5.17.2.1 and 5.17.2.2 when protected by a circuit breaker. The overcurrent protective device used
shall have an interrupting rating at least equal to the test current specified in Table 13. See the markings
required by Clauses 7.1.13.1-7.1.13.4.

5.17.1.2 If such equipment is marked to limit protection to fuses only, it shall not be considered as
intended for use in a circuit protected by an inverse-time circuit breaker.
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5.17.1.3 Testing with inverse-time circuit breakers shall not be required if it is shown that the clearing
time of the inverse-time circuit breakers will be less than that of the fuse with which the product has been
tested.

5.17.2 Protective devices

5.17.2.1 The fuses used for the tests shall be specified as follows:

a) For a device intended for use on general purpose branch circuits, the rating of the fuse used
shall be the ampere rating of the device.

b) For a device intended for use on motor branch circuits, the fuses used for the tests shall be
specified by the manufacturer in accordance with Table 14.

inverse-time circuit breaker used for the test described in Clauses 5.17.2:5 — 5.17.2.15 shall

by the manufacturer in accordance with (a), (b), or (c):

5.17.2.2 Ar
be specified

a) Fo inverse-time

circui

" a device intended for use on general purpose branch circuits, the rating of the
breaker shall be the ampere rating of the device.
b) Fo

 a device intended for use on motor branch circuits, the inverse-time circuit breaker may be

rated
less q
100 4
Speci
calcu
ampe

four times the maximum full-load motor-current rating-fer full-load currents of 10
r three times the maximum full-load motor-currentyrating for full-load currents
mperes. If the calculated value of the circuit breaker is between two stands
ied in Clause 5.17.2.4, a circuit breaker of\the nearest standard rating |
ated value shall be used. If the calculated value of the circuit breaker is
res, a circuit breaker rated 15 amperes shall be used. No marking of the circuit

0 amperes or
greater than
rd ratings as
ess than the
less than 15
breaker rating

is required on the product.

c) The inverse-time circuit breaker mentioned above may have a rating less than that specified in
(b) if the product is marked to indicate‘the limit of protection.
5.17.2.3 Standard ampere ratings for)fuses are 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80,(90, 100, 110,
125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 601, 700, 800, 1000, 1200, 1600, 2000, 2500,
3000, and 4Q00.
5.17.2.4 Standard ampete ratings for inverse-time circuit breakers are 15, 20, 25, 30, 35, 40, 45, 50, 60,
70, 80, 90, 100, 110, 125; 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 700, 800, 1000, 1200,
1600, 2000, 2500, 3000, and 4000.
5.17.2.5 A |device shall be tested in an enclosure representative of that likely to be emcountered in
service.

5.17.2.6 A receptacle shall be wired to each of the testing terminals by 1.2 m (4 feet) of wire per pole. For
a device intended for use on motor branch circuits, the wire shall be the smallest size having an ampacity
of at least 125 percent of the maximum full-load motor-current ratings of the device. For a device intended
for use on general purpose branch circuits, the wire shall be the smallest size having an ampacity
matching the ampere rating of the device. The wire size shall be determined in accordance with NFPA 70,
CEC C22.1, or NOM-001-SEDE, as applicable, based on the wire temperature rating marked in
accordance with Clauses 7.1.1.2 and 7.1.1.3. If the terminal will not receive that size of wire, the maximum
allowable wire size shall be used. An attachment plug wired as specified in Clause 5.17.2.7(a) and using
the same size wire shall be plugged into the receptacle.

5.17.2.7 For an attachment plug, cord connector, or inlet, each assembly shall be tested as assembled.
The wire, cord, or cable used to connect each device shall be determined in accordance with NFPA 70,
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CEC C22.1, or NOM-001-SEDE, as applicable, based on the wire temperature rating and minimum
conductor size, if applicable, marked on the device. The grounding/bonding conductor shall be installed as

intended. For

this test:

a) An attachment plug shall be assembled to a 0.6 m (2 ft) length of flexible cord or cable. The load
conductors shall be shorted together at the end. The plug shall then be inserted in a receptacle
wired as described in Clause 5.17.2.6.

b) A cord connector shall be assembled to a 1.2 m (4 feet) length of flexible cord or cable wired at
one end to the testing terminals. An attachment plug, shorted as described in Clause 5.17.2.6, shall
be plugged into the cord connector.

nlet shall be-assembled-and-installed-as-intended—The-load-terminals-shall b

wired with a

c) An
0.6m
conne

5.17.28 Th
calibration.

5.17.29 Th

time-delay, 30-ampere cartridge fuse to the electrical supply live pole judged least likely to a
rred to in Clause 5.17.1.1 shall be connected in series with the pole judged most likely to

The fuse refe
strike ground
mm?) copper

517210 T
circuit condud

517.211 D
like, on the ol

517212 E
alternating-cJ
The open-cirq
except that t
concerned. T
rating when

(2 ft) length of flexible cord or cable which is shorted together at the end. The
ctor shall be wired to the testing terminals by 1.2 m (4 feet) of wire.

b test wires and cord may exceed the specified length if they _arevin the

b grounding/bonding conductor or the metal enclosure shall’be connected th

The connection shall be made to the load side ofAhe/limiting impedance by a
wire thatis 1.2 - 1.8 m (4 — 6 ft) long.

he connection may be made with 12 or 14, AWG (3.3 or 2.1 mm?) copper wire
tors the equipment is intended to be connected to are 12 or 14 AWG, respective

iring the test, surgical cotton shall-be placed at all openings, covers, flanges, jq
tside of the enclosure.

Huipment rated for direet current shall be tested using a direct current elec
rrent equipment shall be'tested on a 60 Hertz essentially sinusoidal current eled
uit voltage of the test.circuit shall be 100 to 105 percent of the voltage rating d
he voltage may exceed 105 percent of the rated voltage with the concurre
ne test circuit shall be capable of delivering the current specified in Table 13 for 3

mating cord

circuit during

rough a non
rc to ground.

10 AWG (5.3

f the branch-
ly.

ints, and the

rical source;
trical source.
f the device,
nce of those

given motor

the systemsis*short-circuited at the testing terminals to which the device Qinder test is

connected, a

517.213 F
be tested. If

d this shall'be verified by means of an oscillograph.

r all. test operations, the test circuit shall be closed on the mated devices. Two

devices shall
d.

5.17.2.14 Air core type reactors shall be employed in the line to obtain the power factor in accordance
with Table 13. The reactors may be connected in parallel, but no reactor shall be connected in parallel with
a resistor, except that a reactor in any phase may be shunted by a resistor if the power consumed by the
resistor is approximately 0.6 percent of the reactive volt-amperes in the reactor in that phase. The
minimum value of the shunting resistance used with a reactor having negligible resistance shall be
calculated by the equation:

in which:
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E is the voltage across the reactor with current | flowing as determined by oscillographic measurement
during the short-circuit calibration or by proportion from meter measurements at some lower current.

5.17.2.15

If a group of devices having different ratings are of the same construction and material and are

intended for use with one size of fuse, tests on the lowest and highest ratings may be considered to be
representative of that group.

5.17.2.16 After the protective device has cleared the fault, the device shall comply with the following:

a) There shall not be any discharge of parts. The pin and sleeve contacts shall not disintegrate,
evaporate, or weld. There shall not be any damage to the device, the wiring terminals, or other

parts that would impair the function of the device.
b) There shall not be any breakage of insulating bases or supports to the extent that tLe integrity of
the mpunting or insulation of live parts is impaired.
c) There shall not be any ignition of the cotton or cord insulation, or any othef risk of a fire, and the
circuit breaker shall operate when the test circuit is closed.
d) The fuse connected between the live pole and the grounding/bonding conductor or the
enclopure shall not open.

5.17.3 Calipration of test circuits

5.17.3.1 Gge¢neral

5.17.3.1.1 The available current capacity of the circuit shall be at least the value required|for the short-

circuit-withst
5.17.3.2 A\

5.17.3.2.1
power factor

a)Fo
comp

hnd rating of the device. The frequengy;of the test circuit shall be 60 £12 Hz.
ailable current of 10,000 amperes or less

For an alternating-current circuit intended to deliver 10,000 amperes or less, th
shall be determined as follows:

a 3-phase test circuit, the current shall be determined by averaging the rms val
ete cycle of curfent in each of the three phases; the voltage to neutral shg

determine the power factor.

b) Fd

Figur
direct

r a single#phase test circuit, the current shall be the rms value of the first compl
b 3).when the circuit is closed to produce an essentially symmetrical current w
Lcurrent component shall not be added to the value obtained when measured

e current and

les of the first
Il be used to

bte cycle (see
aveform. The
as illustrated.

To obtain the desired symmetrical waveform of a single-phase test circuit, control
recommended, although random closing methods may be used. The power factor shall be
determined by referring the open-circuit voltage wave to the two adjacent zero points at the end
half of the first complete current cycle by transposition through a suitable timing wave. The power
factor shall be computed as an average of the values obtained by using these two current zero
points.

5.17.3.3 Available current more than 10,000 amperes

5.17.3.3.1

ed closing is

For circuits intended to deliver more than 10,000 amperes, the current and power factor shall

be determined in accordance with the requirements in Clauses 5.17.3.3.2 — 5.17.3.3.8. Instrumentation
used to measure test circuits of over 10,000 amperes shall comply with the requirements in Clauses
5.17.3.4.1 -5.17.3.4.11.
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5.17.3.3.2 The rms symmetrical current shall be determined, with the supply terminals short-circuited by
measuring the alternating-current component of the wave at an instant 1/2 cycle — on the basis of the test
frequency timing wave — after the initiation of the short-circuit.

In Canada and the United States, the current shall be calculated in accordance with Figure 7 in ANSI/IEEE
C37.09.

In Mexico, the current shall be calculated in accordance with Figure 4 of this Standard.

5.17.3.3.3 For a 3-phase test circuit, the rms symmetrical current shall be the average of the currents in
the three phases. The rms symmetrical current in any one phase shall not be less than 90 percent of the
required test current.

5.17.3.3.4 Tlhe test circuit and its transients shall be such that:

a) 3 cycles after initiation of the short-circuit, the symmetrical alternating component of current will
not bg less than 90 percent of the symmetrical alternating component of_current at the end of the
first 1/R cycle; or

b) Thg symmetrical alternating component of current at the time at which the overcurrgnt-protective
devicq will interrupt the test circuit is at least 100 percent of the rating for which the device is being
tested

In 3-phase gircuits, the symmetrical alternating component-'of current of all three phages shall be
averaged.

frequency timing wave - after the short-circuit {o¢curs. The total asymmetrical rms ampgres shall be

5.17.3.3.5 ;lhe power factor shall be determinedvat an instant 1/2 cycle - on the basis of the test
measured in gccordance with Clause 5.17.3.3.2, and the ratio M, or M, shall be calculated ag follows:

Averdge 3 phases — Asymmetrical rins Amperes

M, (3 phase) =
4 (3 phase) Average 3 phases — Symmetrical rins Amperes

Asymmetrical rms Amperes

M1 phase) =
y(1 phase) Symmetrical rins Amperes

Using ratio Mj, or My,{ the power factor shall be determined from Table 15.

5.17.3.3.6 I|he power factor of a 3-phase circuit may be calculated by using controlled clpsing so that
upon subsequent CloSINGS a different phase will be caused to have maximum asymmetrical conditions.
The power factor of each phase could then be determined using the method described for single-phase

circuits in Clause 5.17.3.3.5. The power factor of the 3-phase circuit shall be considered to be the average
of the power factors of each of the phases.

5.17.3.3.7 The recovery voltage shall be at least equal to the rated voltage of the device. The peak value
of the recovery voltage within the first complete half-cycle after clearing and for the next five successive
peaks shall be at least equal to 1.414 times the rms value of the rated voltage of the device. Each of the
peaks shall not be displaced by more than +10 electrical degrees from the peak values of the open-circuit
recovery voltage - that is, the displacement of the peak from its normal position on a sinusoidal wave. The
average of the instantaneous values of recovery voltage for each of the first six half-cycles measured at
the 45° and 135° points on the wave shall be not less than 85 percent of the rms value of the rated voltage
of the device. The instantaneous value of recovery voltage measured at the 45° and 135° points of each of
the first six half-cycles shall not be less than 75 percent of the rms value of the rated voltage of the device.
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5.17.3.3.8 If there is no attenuation or phase displacement of the first full cycle of the recovery voltage
wave when compared with the open-circuit secondary voltage wave before current flow in a circuit that
employs secondary closing, the detailed measurement of recovery voltage characteristics as indicated in
Clause 5.17.3.3.7 shall not be required.

5.17.3.4 Instrumentations for test currents above 10,000 amperes

5.17.3.4.1 The galvanometers in a magnetic oscillograph employed for recording voltage and current
during circuit calibration and while testing shall be of a type having a flat (+5 percent) frequency response

from 50 to 1200 Hz. For fast acting fuses, current limiters, or motor-short-circuit protectors, a
galvanometer may need to have a flat frequency response from 50 to 9000 Hz, or an oscilloscope may be

needed to o

5.17.3.4.2

5.17.3.4.3
voltage is nd
deflection of
galvanomete
shall be app
made using
deflection in
such as a sy
The sensitivi
from the defl
per millimete
This multiply
5.17.3.3.2.

5.17.3.4.4
same geners

5.17.3.4.5

current shal
galvanomete
is expected
nominal shq
approximate
indicated ab
symmetricall

tain accurate values of peak current (IV\ and energy let-through, (1%)

Salvanometers shall be calibrated as described in Clauses 5.17.3.4.3 - 5.1%.83'4

6.

Vhen a shunt is used to determine the circuit characteristics, a @irect-currg
rmally used. The voltage applied to the oscillograph galvanometer circuit sh
the galvanometer approximately equivalent to that which«is expected wh
r circuit is connected to the shunt and the nominal short-circuib current is flowing
ied to cause the galvanometer to deflect in both directions. Additional calibra
approximately 50 percent and approximately 150 percent of the voltage used
licated above, except that if the anticipated maximum deflection is less than
mmetrically closed single-phase circuit, any other suitable calibration point shg
ty of the galvanometer circuit in volts per millimeter (or volts per inch) shall b
pction measured in each case, and the resuits of the six trials averaged. The g

ing factor shall be used for the determination of the rms current as describ

\ 60 Hz sine-wave potential.may be used for calibrating the galvanometer cirg
I method described in Clauses5.17.3.4.3. The resulting factor shall be multiplied

be used to calibrate the galvanometer circuit. The value of current a
r circuit shall result’in a deflection of the galvanometer approximately equivalen
wvhen the same-galvanometer is connected to the secondary of the current tra
rt-circuit current is flowing in the primary. Additional calibrations shall
y 50 percent and approximately 150 percent of the current used to obtain
pve _except that if the anticipated maximum deflection is less than 150 percent
y~cloSed single-phase circuit, any other suitable calibration point shall be

nt calibrating
all result in a
en the same
. The voltage
tions shall be
to obtain the
150 percent,
Il be chosen.
e determined
eak amperes

I (or amps per inch) shall be obtained by dividing the sensitivity by the resistancg of the shunt.

ed in Clause

uit, using the
by 1.414.

(Vhen a current transformer is used to determine the circuit characteristics, an alternating

bplied to the
to that which
nsformer and
be made at
he deflection
such as in a
chosen. The

sensitivity o

the gatvanometer circuit im TmS_amperes per _miftimeter (or_ amps _per |

ch) shall be

determined in each case and the results averaged. The average sensitivity shall be multiplied by the
current-transformer ratio and by 1.414 to obtain peak amperes per millimeter (or amps per inch). This
constant shall be used for the determination of the rms current as described in Clause 5.17.3.3.2.

5.17.3.4.6 All the galvanometer elements employed shall line up properly in the oscillograph, or the
displacement differences shall be noted and used as needed.

5.17.3.4.7 The sensitivity of the galvanometers and the recording speed shall be such that the values of
voltage, current, and power factor can be determined accurately. The recording speed shall be at least 1.5
m (60 inches) per second.

5.17.3.4.8 With the test circuit adjusted to provide the specified values of voltage and current, and with a
noninductive (coaxial) shunt that has been found acceptable for use as a reference connected into the
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circuit, the tests described in Clauses 5.17.3.4.9 and 5.17.3.4.10 shall be conducted to verify the accuracy
of the manufacturer's instrumentation.

5.17.3.4.9 With the secondary open-circuited, the transformer shall be live and the voltage at the test
terminals observed to see if rectification is occurring, making the circuit unacceptable for test purposes,
because the voltage and current will not be sinusoidal. Six random closings shall be made to demonstrate
that residual flux in the transformer core will not cause rectification. If testing is done by closing the
secondary circuit, this check may be omitted, provided that testing is not commenced before the
transformer has been live for approximately 2 seconds, or longer if an investigation of the test equipment
shows that a longer time is necessary.

5.17.3.4.10
shall be clos
The short-cirq
closing is us

d as nearly as possible at the moment that will produce a current wave W|th ma
uit current and voltage shall be recorded. The primary voltage shall be record
d. The current measured by the reference shunt shall be within 5 percéntof th
using the manufacturer's instrumentation, and there shall be no measurable variation,in phass
between the fraces of the same current. Controlled closing is not required for polyphase circui

5.17.3.4.11 hen the verification of the accuracy of the manufacturer's instrtmentation is cq
reference cogxial shunt shall be removed from the circuit. The reference. coaxial shunt shal
during the final calibration of the test circuit nor during the testing of devices.

5.18 Strendth of insulating base and support
5.18.1 A de

specified terminal tightening torque, as specified in Clause 4.11.3, is applied to the wire secur
a pressure wife connector securing the maximum inténded size conductor.

5.18.2 Dam
displacement
electrical cled
impairs the in

nge shall be considered to, have occurred if any cracking, bending, I
of the insulating base, current carrying parts, assembly parts, or device enclo
rances and creepage distances to less than those required, exposes live parts,
fended secure installation.and use of the device.

5.19 No-lodd endurance

5.19.1 A plyg, a cable coennector, or a receptacle provided with an interlocked switch or circ
for disconnegt use only,(not for current interrupting) shall be subjected to a no-load endu
which the plug is completely inserted in the receptacle in the intended manner to permit its g
then completg withdrawal, either manually or mechanically, the interlock being locked and u

phase circuit
imum offset.
ed if primary
at measured
b relationship
[s.

mpleted, the
not be used

vice for field connection of fixed wiring shall not be damaged when 110 percent of the

ing means of

reakage, or
sure reduces
or otherwise

it breaker or
rance test in
peration and
hlocked after
tycles as the

each complefeinsertion of the plug. The duration of the test shall be the same number of

total cycles (with and without load) for a device of the same rating tested for endurance under load, as in
Clause 5.20, at a rate no greater than 10 per minute. During this test, there shall be no mechanical or
visible damage to any of the parts, including the interlocking mechanism. These devices shall be marked
in accordance with Clause 7.1.4.1.

5.19.2 Devices need not be marked in accordance with Clause 7.1.4.1 if tested in accordance with
Clause 5.20.

5.19.3 Devices provided with an interlocking mechanism need not be marked in accordance with Clause
7.1.41.
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5.20 Endurance with load

5.20.1 Devices intended for current interrupting shall withstand, without harmful effects as described in
Clause 5.20.8, the mechanical, electrical, and thermal stresses occurring in normal use.

5.20.2 Devices under test shall be operated manually or mechanically at rated voltage and current at a
rate no greater than 10 cycles per minute.

5.20.3 The test shall either be conducted using direct current or be conducted using alternating current if
the device is marked in accordance with Clause 7.1.6.1. When alternating current is used, the power factor

of the load shall be from 0.75 to 0.80.

5.20.4 For
an equivalen
rating.

5.20.5
with an averd

5206 A rg
concerned.

5.20.7 The

5.20.8 Duri
a) We
b) De
c) Da

d) Lo

5.21 Overl

5.21.1 Whs
connector arj

requirement
the switch or

Hual-rated devices, a test on ac may be waived if acceptable results have been
t or higher volt-ampere test at a dc potential that is equal to or greater than'th

If the test is run mechanically, the rate of operation shall not be greater.than 10 cyclg

ge velocity of 760 80 mm (30 £3 inches) per second in each.direction.

te of operation having a lower average velocity may be used if agreeable

total number of operating cycles shall be in accordance with Table 16.

g the test, sustained arcing shall not occur~After the test, the devices shall not
ar impairing the further use of the device;

erioration of enclosures or barriefs;

mage to the entry holes for the contacts that impairs proper working; and
pbsening of electrical or mechanical connections.

bad

n rated for-current interrupting in accordance with Clause 6.1.5, a recept

d a plug shall be subjected to the overload test described in Clauses 5.21.4 —

bbtained from
e ac potential

s per minute,

to all parties

show:

hcle or cable
5.21.10. This

does not apply to a receptacle interlocked with an integral switch or circuit bre
circuit breaker is opened before the plug can be inserted or withdrawn.

bker, in which

5.21.2 There shall be no electrical or mechanical failure of the device, no burning or pitting of the
contacts that would affect the intended function, and no welding of the contacts. The line fuse or the
grounding/bonding fuse described in Clauses 5.21.9 and 5.21.10 shall not open during the test.

5.21.3 Contacts of the plug or the receptacle shall not be adjusted, lubricated, or otherwise conditioned
before or during the test. An additional material intended to reduce or confine the arcing in the contact
chamber of a plug and receptacle that decomposes or is otherwise affected by the arcing shall be
removed for all of the overload tests.

5.21.4 The device under test shall be subjected to the overload condition by manually or mechanically
inserting and withdrawing the plug into and out of the receptacle or connector for 50 cycles of operation at
a rate not higher than 10 cycles per minute.
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5.21.5 The plugs shall be connected to a load such that the devices shall make and break 150 percent of
the rated current. The test shall be conducted using direct current or be conducted using alternating
current if the device is marked in accordance with Clause 7.1.6.1. When alternating current is used, the

power factor of the load shall be from 0.75 to 0.80.

5.21.6 The potential of the test circuit shall be from 95 to 105 percent of the rating of the device in volts.

5.21.7 The test on a receptacle and a plug that have multiple voltage and ampere ratings shall be

performed at:

a) 150 percent of the rated current that corresponds to the maximum rated voltage;

b) 150 percent of the maximum rated current at the corresponding rated voltage; and

c) 15
power

5218 Ate
equivalent or
current poten

5219 The
be connected

a) Grg
b) The

c)Ac
condu

5.21.10 Theg
the grounding
30 amperes g
shall have a1
shall be used

5.22 Abnor

5.22.1 Whe
receptacle or

D percent of the rated current at the corresponding rated voltage that results
per pole.

bt on alternating current may be waived if adequate results have been obta
higher volt-ampere test at a direct current potential equal to.or,greater than th
ial rating.

jevice shall be mounted and wired to represent service, conditions. Exposed me
through a fuse to:

und,;
grounded/bonded conductor of the test citeuit; or

rcuit conductor that differs by at least-the rated potential from one or more of t
ctors in the circuit.

fuses in the test circuit shall.be non time-delay, general-use cartridge type fuse
/bonding conductor circuit shall have a 15 ampere rating if the device under tg
r less. If the device under test is rated at more than 30 amperes, the grounding
ating of 30 amperes.For the line fuse, the next higher commercial fuse rating tf

mal overload

N rated for disconnecting use only, not for current interrupting (see Clau
cable connector and a plug shall be subjected to the overload test describe

in maximum

ned from an
e alternating

al parts shall

he remaining

5. The fuse in
st is rated at
bonding fuse
an the value

se 6.1.5), a
d in Clauses

5224 -5.2

.10. This requirement does not apply to a receptacle interlocked with an integral switch or

circuit breaker, in which the switch or circuit breaker is opened before the plug can be inserted or
withdrawn.

5.22.2 The device need not function after the completion of the test, and shall not be used for any further
tests. The ground/bond fuse shall not open during the test. The line fuse is not prohibited from opening
during the test.

5.22.3 Contacts of the plug or the receptacle shall not be adjusted, lubricated, or otherwise conditioned
before or during the test. An additional material intended to reduce or confine the arcing in the contact
chamber of a plug and receptacle that decomposes or is otherwise affected by the arcing shall be
removed for all of the overload tests.
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5.22.4 The device under test shall be subjected to the overload condition by manually or mechanically
inserting and withdrawing the plug into and out of the receptacle or connector. A device rated for use with
direct current shall be subject to one cycle of operation. A device rated for use with alternating current shall
be subject to three cycles of operation at a rate not faster than 10 cycles per minute.

5.22.5 The plugs shall be connected to a load such that the devices shall make and break 150 percent of
the rated current. The test shall be conducted using direct current or be conducted using alternating
current if the device is marked in accordance with Clause 7.1.6.1. When alternating current is used, the

power factor

of the load shall be from 0.75 to 0.80.

5.22.6 The potential of the test circuit shall be from 95 to 105 percent of the rating of the device in volts.

5.22.7 The
performed af]

a) 15
b) 15

c) 14
powe

5.22.8 A tg
equivalent o
current poter

5229 The

be connected through a fuse to:

a) Gr
b) Th

c) Ad
condd

52210 Th
in the groung
30 amperes
shall have a
of the test cu

0 percent of the rated current that corresponds to the maximum rated,voltage;
0 percent of the maximum rated current at the corresponding rated-woltage; and

0 percent of the rated current at the corresponding rated veltage that resultg
[ per pole.

st on alternating current may be waived if adequaté results have been obtg
higher volt-ampere test at a direct current potential equal to or greater than t
tial rating.

device shall be mounted and wired to représent service conditions. Exposed me

bund;
e grounded/bonded conducter of the test circuit; or

ircuit conductor that.differs by at least the rated potential from one or more of
ctors in the circuit:

b fuses in thetest circuit shall be non time-delay, general use, cartridge type fu
Dr less, (If the device under test is rated at more than 30 amperes, the grounding

rreni'in the test circuit shall be used.

test on a receptacle and a plug that have multiple voltage and ampere ratlings shall be

in maximum

ined from an
he alternating

tal parts shall

he remaining

ses. The fuse

ing/bondifng-conductor circuit shall have a 15 ampere rating if the device under fest is rated at

bonding fuse

rating of 30 amperes. For the line fuse, the next higher commercial fuse rating than the value

5.23 Horsepower rated locked rotor

5.23.1

A device with one or more motor rating(s) shall perform in an overload test making and breaking

the locked-rotor current corresponding to each horsepower rating of the device. There shall be no
electrical or mechanical failure of the device, no burning or pitting of the contacts that would affect the
intended function, and no welding of the contacts.

5.23.2 The test shall be conducted in accordance with Clause 5.21, except that the value of the test
current corresponding to a horsepower rating shall be as specified in:

a) NMX-J-005-ANCE/CSA C22.2 No. 111/UL 20 for two horsepower or less; and

b) UL 508, CSA C22.2 No. 14, or NMX-J-515-ANCE for an alternating-current rating of more than
two horsepower.
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The load for an alternating-current horsepower rating shall have a power factor of 0.40 — 0.50.
5.24 Electromagnetic (pilot contacts)

5.24.1 The pilot contacts of a plug, connector, inlet, and receptacle for controlling a contactor, a relay, or
other magnetically operated device shall perform satisfactorily when subjected to an overload test
consisting of 50 operations, making and breaking the inrush current based on the contact rating, followed
by 6,000 operations at normal rated current, in a circuit of 110 percent of the test potential indicated test in
Table 17. The load shall be as indicated in Table 17 and shall consist of an electromagnet representative

of the load that the device is intended to control.

5242 Alo

tion of:

a) The
b) The

c) The

5.24.3 Devi
5.24.1 and 5.

dotherthan one ofthose described in Tahla 17 may be used after due consider

need for a device to control an electromagnetic load having other charactetistic
means utilized for matching the rating of the device to that of the load; and

manufacturer's markings.

ces employing more than 2-pilot pins or contacts shall be tested as describe
P4.2, using the Appliance Wiring Material (AWM) style as‘identified by the man

tested simulta

5.24.4 Devi
cable shall b
material (AW
simultaneous

neously with multiple supply and loads present to represent actual service cond

ces having two or fewer pilot contacts that are-also intended for use with an 4
b additionally tested as described in Clauses $.24.1 and 5.24.2 using the app
M) style as identified by the manufactorer and employing multiple suppl
y as required to represent actual service conditions.

5.25 Tempgrature rise

5.25.1 If the
adjusted to a
ambient.

5.25.2 The
exceed 30°C
devices inten

tests are conducted at an”ambient temperature of other than 25°C, the reg
h ambient temperature 6f,25°C by adding the appropriate variation between 2

femperature rise jof a device measured at the points described in Clause 5.2
when the deyice is carrying its maximum rated current. This temperature rise
led to be wired with conductors rated 60°C.

5253 Ate
conductors si
use with con

perature rise of 45°C shall be permitted when the device is intended to b
ed\based on the ampacity of wire rated 75°C or higher, and so marked. Devices

b~ -

D

d in Clauses
ifacturer and
tions.

AWM cord or
liance wiring
y and loads

ults shall be

5°C and the

5.5 shall not
is based on

e wired with
intended for

marked. See Clauses 7.1.1.3and 7.1.1.4.

vices not so

5.25.4 A device intended for use with conductors sized based on the ampacity of wire rated 75°C, and
intended to intermate with devices not so marked, shall not exceed 30°C rise when the device is carrying
its maximum rated current, when wired with 75°C ampacity conductors. See Clause 7.1.1.5.

5.25.5 The temperature measurement shall be made on the wiring terminals of the equipment, if they are
accessible for mounting thermocouples. If the equipment has no wiring terminals or if they are
inaccessible, temperatures shall be measured as close as possible to the face of the equipment on the
plug contacts inserted in the receptacle.

5.25.6 The temperature test shall be made following the overload test on the equipment, and shall
continue for 4 h or until thermal stabilization is attained. Thermal stabilization shall be considered to have
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occurred when three successive readings, taken at intervals of not less than 10 minutes, show no further
increases. Each connection to the equipment under test shall be made by means of at least 0.46 m (18
inches) of the intended type and size of wire or cord (see Clauses 4.11.1 and 7.1.1.2) with the terminals of
the device tightened using a torque as specified by the manufacturer's instructions. In the case of a
connector body, conductors of the indicated ampacity shall be used regardless of the size of the cord that
is intended to be used with the device. The contacts of equipment under test shall be connected together
by means of an inserted plug. A previously untested plug may be used. The terminals of the plug shall be
short-circuited by means of the shortest feasible lengths of the wire as previously described.

5.25.7 For devices employing more than 2-pilot pins or contacts, the temperature test as described in
Clauses 5.25.1 — 5.25.6, shall be conducted using the Appliance Wiring Material (AWM) style as identified
by the manufacturer and with all pilot pin and contacts fully energized based upon their maximum rated
current when wired with their maximum AWM conductor size.

5.25.8 Dev AWM cord or
liance Wiring
Ully energized

e.

ces having two or fewer pilot contacts that are also intended for use Wwith” an
cable shall he additionally tested as described in Clauses 5.25.1 — 5.25.6 using/the App
Material (AWM) style as identified by the manufacturer and with the pilot pin afid contacts fi
based upon their maximum rated current when wired with their maximum AWM conductor siZ

5.26 Resistance to arcing

5.26.1 Ifa

that the matI:'

cycles of ops
to an additio
There shall &

material. Theg attachment plug used for this test may be changed after every 50 operation

failure occur
operations to

aterial, other than ceramic, is used in the construction/of the face of an outlet dg
ial is likely to be exposed to arcing while in service, the devices that were sU

bvice in a way
bjected to 50

ration in the overload test described in Clause5:21 shall perform acceptably wien subjected

nal 200 cycles of operation under the overload-test conditions following the tem
e no electrical tracking, formation of a permanent carbon conductive path, or

5 after the first 50 operations, the contact may be replaced to permit the remain
be completed.

perature test.
gnition of the
5. If a contact
Her of the test

526.2 Ani
need not be

hterlocked receptacle (outlét) or a device identified as not intended for interryipting current
bubjected to this test; see€ Clause 7.1.4.1.

5.26.3 Alte
test describg
resistance tg
operation un

the overload
to determine
P50 cycles of

natively, one set/of‘devices may be subjected to the 50 cycles of operation in
d in Clause 5.21,followed by the temperature test on the devices, and then,
arcing, a s€eond set of devices, previously untested, may be subjected to
Her the overload-test conditions.

5.27 Polarization integrity

5.27.1 Compliance with the requirements specified in Clause 4.9.11 shall be determined by using the
device assembled in its intended housing with the polarization feature removed. With the axis of the
mating devices aligned, the devices shall not be able to mate in any manner that would energize the
grounding/bonding feature of the device when a force of 180 N (40 Ibf) is applied.

5.28 Resistance to corrosion

5.28.1 Ferrous parts, including enclosures, shall be adequately protected against corrosion.

5.28.2 Compliance shall be checked by the following test. All grease shall be removed from the parts to
be tested, by immersion in ethyl acetone, acetone, or methylethyl ketone for 10 minutes. The parts shall
then be immersed for 10 minutes in a 10 percent solution (by weight) of ammonium chloride in water at a
temperature of 20 £5°C.
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5.28.3 The parts shall then be dried for 10 minutes in a heating cabinet at a temperature of 100 +5°C,
and their surfaces shall not show any signs of rust.

5.28.4 Traces of rust on sharp edges and yellowish film removable by rubbing shall be ignored.

5.28.5 Small helical springs and the like, and inaccessible parts exposed to abrasion, shall be
considered protected against corrosion by a coating of grease. Such parts shall be tested only when the
effectiveness of the grease film is in doubt, and the test shall then be made without previous removal of

the grease.

5.29 Moisture resistance

5.29.1 Detahs
5.29.1.1 Marine-type and water-tight plugs, receptacles, and connectors requiring,a 'degre¢ of moisture
protection shiall not permit the entrance of water when subjected to the tests)associatgd with their
classificationg, as described in Clauses 5.29.2 and 5.29.3. Water shall not:

a) Enter the devices to any appreciable extent;

b) Collect on the interior of the box;

c) Interfere with the intended performance of the device; of

d) Reach live parts.
5.29.1.2 WHen tested as described in Clause 5.29.2.1, a device or assembly of part§ (hereinafter

referred to as|

5.29.1.3 Th

in accordancg with the assembly and installation instructions. Receptacles shall be mounted

surface, with
5.29.2 Mari
52921 Th
mm (1.0 in) i

shall be direc

5.29.22 Ift

the test assembly), as mentioned in Clause 5.29.1.3, shall comply with Clause 5

b test assembly shall be fitted with’cable or conduit and installed as intended in 3

Any drains present in thelowest position.

he type (shipboard:use)

nside diameter and under a pressure of 103 kPa (15 pounds-per-square-inch
ed at the test assembly from a distance of 3.05 m (10 ft) for 5 minutes.

ne_device employed in the test assembly is an outlet, the test described in Clg

.29.2.1.

ctual service
on a vertical

b test assembly.shall be subjected to a solid stream of water from a nozzle not I¢ss than 25.4

. The nozzle

use 5.29.2.1

shall be cond

Octed bothrwithand withoutam attachment piug mtheoutfet:

5.29.3 Watertight

5.29.3.1 The test assembly shall consist of a mated plug and receptacle, a mated plug and connector, a
mated connector and power inlet, an individual device with a cap or cover, or any other combination of
mating devices.

5.29.3.2 The test assembly shall be immersed for 24 hours in water at a temperature of 25 +5°C, the
highest point of the assembly being approximately 51 mm (2.0 in) below the water level and the
longitudinal axis being parallel to the surface of the water.
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5.30 Environmental enclosure type designators

5.30.1 A device marked with an enclosure type designation shall be subjected to the tests specified in
NMX-J-235/2-ANCE/CSA C22.2 No. 94.2/UL 50E and shall comply with the construction requirements
applicable to an enclosure of the type number or numbers with which it is marked. See Clauses 7.1.14.1 —
7.1.14.5.

5.30.2 A watertight connection at conduit entrances shall be a conduit hub or the equivalent, such as a
knockout or fitting, located so that when conduit is connected and the enclosure is mounted in the
intended manner, the enclosure is found to be acceptable when subjected to the tests specified in NMX-J-

235/2-ANCE

/CSA C22.2 No. 94.2/UL 50E.

5.30.3 Whqg
enclosure tyy

n a panel mounted device is tested, it shall be mounted on a panel of th
e, in accordance with the manufacturer's instructions.

=)

-

appropriate

5.31 Pin-type (insulation-piercing) or insulation-displacement terminals

5.31.1 General

5.31.1.1 Injaddition to the general performance requirements for attachment plugs and cord connectors,
an attachmgnt plug or cord connector employing either pin-type (insulation-piercing) pr insulation-
displacement terminals shall comply with the requirements in Clauses 5.31.2 - 5.31.7.

5.31.2 Asspmbly

5.31.2.1 An attachment plug or cord connector Wwith pin-type (insulation-piercing) or insulation-
displacement terminals shall be able to be readily@ssembled to the flexible cords or cables with which it is

intended to b

5.31.2.2 Ex

e used.

cept as noted in Clause 5.31.2:3, twenty-four unmated devices shall be subjects

Twelve of the 24 devices shall be assembled and tested with the minimum diameter flexible

and the rem4d
specified by
need for test

thickness for

examination

5.31.23 TH
excluded by

ining 12 shall be assembled and tested with the maximum diameter flexible co
he manufacturer. Fer'other types of flexible cord or cable, consideration shall b
ng different types of cords or cables and the effects of variations on insulation

each type  of-flexible cord or cable. Proper assembly shall be determin
and compliance with the tests described in Clauses 5.31.3 - 5.31.7.

e device is not required to be assembled and tested with those cord or cable ty
hesmarking specified in item (d) of Clause 7.1.1.2.

pd to this test.
cord or cable
d or cable as
e given to the
material and
ed by visual

bes and sizes

5.31.3 Temperature test

5.31.3.1

The temperature rise shall not be more than 30°C (54°F) when an attachment plug or cord

connector with either pin-type (insulation-piercing) or insulation-displacement terminals is carrying the
current corresponding to the ampacity of the size cord or cable that the device is intended to
accommodate.

5.31.3.2 The test shall be conducted on devices assembled to the minimum and maximum size flexible
cord or cable as specified by the manufacturer.

5.31.3.3 Six of the 24 devices from the Assembly Test shall be tested for temperature rise.
Thermocouples shall be attached to the terminals. The assemblies shall be tested for 15 days without
interruption. The device temperature shall be measured at the end of each working day.
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5.31.3.4 Following the completion of this test, the same six devices using each of the flexible cord sizes
and types specified in Clause 5.31.2.2 shall be selected and subjected to the Dielectric Voltage-Withstand
Test described in Clause 5.31.6.

5.31.4 Strai

5.31.4.1

n relief test

When assembled to the intended flexible cord or cable, an attachment plug or cord connector

with either pin-type (insulation-piercing) or insulation-displacement terminals shall withstand the straight
pull described in Clause 5.31.4.4 without detachment of any cord or cable conductor or any other evidence
of damage that increases the risk of fire or electric shock.

5.31.4.3 Tw

devices, threg

flexible cord d
the as-receive
cable size an
conditioned ir

5.31.4.4 WH
respectively,
of the force s

5.31.5 Faul

5.31.5.1 WH
with either pi
fault current
circuit is closq

5.31.5.2 Th
size and typsg
variations in g
two devices €

5.31.53 Th
size and type

Ive of the 24 devices from the Assembly Test shall be subjected to this ltest.
assembled to the minimum flexible cord or cable size and three assembled to {
r cable size, shall be subjected to the test described in Clause 5.3144.4 following
pd condition. The second set of six devices, three assembled to the minimum flg
d three assembled to the maximum flexible cord or cable 'size, shall be teste
a full-draft air-circulating oven for 30 days at 67.0°C (152:6°F).

ile the attachment plug or cord connector is securely supported by the ping
pull of 133 N (30 Ibf) shall be applied to the flexible cord or cable for 1 minute.
all be perpendicular to the plane of the cord entrance.

current test

en assembled to the intended flexible cord or cable, an attachment plug or cq
n-type (insulation-piercing) or insulation-displacement terminals shall withstan
ithout ignition of the cotton orlcord insulation. The circuit breaker shall operate
d.

b test shall be conducted on devices assembled to flexible cords or cables repre

) size flexible

ne set of six
he maximum
assembly in
bXible cord or
d after being

or contacts

The direction

rd connector
i the applied
when the test

senting each

of cord as speCified by the manufacturer. Consideration shall be given to the effects of

ord insulation material and thickness in selecting cords or cables for the tests.
ach shall be:tested using each representative size and type of cord or cable.

b attachment plugs and cord connectors shall be assembled to a 0.6 m (2-ft) Ig
of\flexible cord or cable twisted and soldered at the end. The assemblies shall

lhree sets of

ngth of each
be tested as

follows:

a) The first set shall be subjected to the test described in Clause 5.31.5.4 following assembly in the
as-received condition.

b) The second set shall be subjected to the test described in Clause 5.31.5.4 after being subjected
to a 67 N (15 Ibf) strain relief test for 1 minute.

c) The third set shall be subjected to the test described in Clause 5.31.5.4 after being conditioned
in an oven at 67.0°C (152.6°F) for 30 days.

5.31.5.4 A mating receptacle (in the case of a plug being tested) or a mating inlet (in the case of a cord
connector being tested), shall be wired in a circuit capable of delivering 1000 A rms at the voltage rating of
the device under test when the system is short-circuited at the testing terminals. The receptacle shall be
wired to the testing terminals by 1.2 m (4 ft) of 10 AWG (6 mm?) wire. A thermal-type 30-A circuit breaker
shall be connected between the receptacle and the testing terminals. The circuit breaker shall comply with
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NMX-J-266-ANCE/CSA C22.2 No. 5/UL 489. Cotton shall be placed around the attachment plug or cord
connector being tested. The representative device shall be mated to corresponding mating device as
intended. The test circuit shall be closed by means of an external switching device.

5.31.6 Diel

5.31.6.1

ectric voltage-withstand test

The same six devices from the Temperature Test specified in Clause 5.31.3.4 shall be capable

of withstanding without breakdown, for a period of 1 minute, the application of a 60 Hz essentially
sinusoidal potential of 1000 V plus 2 times the rating of the device or 1500 V (whichever is greater)

between indi

53162 T
output is ess
the required
in the applie(
indicated by

5.31.7 Hea
5.31.71

5.31.7.1.1

or cord conn
comply with
temperature

5.31.71.2
connectors

manufacturel.

5.31.71.3
between ead
the entering

531714
a vibration pl

5.31.7.1.5
mating devig
flexible cord

vidual conductors of the flexible cord or cable.

ntially sinusoidal and can be varied. The applied potential shall be increasedf
est voltage is reached, and shall be held at that voltage for a period of 1 minute.
| potential shall be at uniform rate and as rapid as is consistent with its 'value b
he voltmeter.

I cycling and vibration tests

Geéneral

Following the Heat Cycling and Vibration Tests deseribed in this Clause, an att
bctor employing either pin-type (insulation-piercing) or insulation-displacement t
the thermal stability criteria described in Clause 5.31.7.5 and not have de
rise of more than 100°C (180°F).

Following the manufacturer's instructions, six representative attachment p
bhall be assembled onto the maximum size flexible cord or cable as spe

The devices shall be connected with 610 to 686 mm (24 to 27 inches) of flexible

h device and wired in series so that the test current passes through the conne
conductor, the deviee\internal structure, and the exiting conductor.

Three of the six‘devices shall be rigidly supported and secured to a mounting ra

atform.

The pins or contacts of the devices under test shall be mated as intended to g

former whose
rom zero until
The increase
eing correctly

achment plug
erminals shall
monstrated a

ugs or cord
cified by the

cord or cable
ction point of

tk attached to

orresponding

e. “The mating device shall be assembled to the shortest feasible length of

br cable

nl\aximum size

5.31.7.2 Heat cycling test (initial)

5.31.7.2.1

The six devices shall be subjected to the Initial Heat Cycling Test. Each heating cycle shall

consist of 1-1/2 hours "on" time and 1/2 hour "off" time with a total of 500 cycles on each device. The test

current shall

equal 200 percent of the current rating of the device.

5.31.7.2.2 The temperature rises shall be measured using thermocouples placed on the terminals.

5.31.7.2.3 Temperature readings shall be obtained by means of thermocouples consisting of 28 — 32
AWG (0.08 — 0.032 mm?) iron and constantan wires. It is a common practice to employ thermocouples
consisting of 30 AWG (0.05 mm?) iron and constantan wires with a potentiometer type of indicating
instrument.
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5.31.7.2.4 The temperature of the connection shall be recorded at the following intervals: commencing
with the 25th cycle and approximately every 25 cycles thereafter for a total of five measurements

(approximate

ly 125 cycles). This yields 5 data points for each device tested.

5.31.7.3 Vibration test

5.31.7.3.1

Following approximately 125 cycles of heat cycling as described in Clause 5.31.7.2, the three

devices mounted to the test rack shall be disconnected from the circuit and subjected to vibration testing
as described in Clause 5.31.7.3.2. Vibration shall be applied for two hours in each of three mutually
perpendicular directions for a total of 6 hours of testing.

5.31.7.3.2 Es

to simple har
frequency va
second.

531733 A
circuit to com
5.31.7.4.1, fo
5.31.7.4 He

5.31.7.4 1
the connectio

0. 76 mm (0 03 |nch) 1 52 mm (O 06 |nch) peak—to P
ried uniformly in one minute from 10 to 55 cycles per second and back\to’ 1

monic motlon of amplltude

t the conclusion of the vibration conditioning, each device shalljbe’reconnects
blete the approximately 375 remaining cycles of the Heat Cycling Test as descrik
a total of 500 cycles.

at cycling test (final)

Tlhe remaining 6 data points for each device shalkbe obtained by recording the tg

h at the following intervals:

a) Approximately every 45 cycles for a total of.three measurements (approximately

and

b) Apq
5.31.7.5 Ca

5.31.7.5.1

a) Fin
Claus

roximately every 80 cycles for a total of three measurements (approximately 24

Iculations

Tlhe thermal stability shall be evaluated as follows for each thermocouple location:

H the average temperature rise for all 11 data points obtained (from Clause 5,
p 5.31.7.4.1),%and

b) Fingl the deviation of each of the 11 data points from the calculated average.

5.31.7.52 N
(18°F). Ther

oneof the 11 data points shall deviate above the average temperature by mo

nd subjected
eak, with the
0 cycles per

bd to the test
ed in Clause

mperature of

135 cycles);

D cycles).

31.7.2.4 and

re than 10°C

[T P NaYal-TaNWe NeYalel =AY 1N

om ambient

temperature on any device during the Heat Cycling Test.

6 Ratings

6.1 Genera

6.1.1
voltage and c

6.1.2

urrent ratings unless designed for a single voltage and current rating.

device shall be given only the ratings shown in the figure.

124 b +h +h
orian II\JL |SAv e LUIIIPUIGLUIU IIOU 9|calc| uranrt LAVAY AR ] \lUU 1 l QUUVC ure |U

Devices shall be rated in amperes and in volts, ac or dc, or both. A device may have multiple

If the contact configuration of the device is one of the configurations illustrated in UL 1686, the
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6.1.3
ampere ratin

g.

In Canada and the United States, a device may be rated in horsepower in addition to the required

In Mexico, a device may be rated in horsepower/Kilowatts (Hp/kW) in addition to the required ampere

rating.

6.1.4

higher than the rating of the switch.

6.1.5 A device shall be rated for disconnecting use only, not for current interrupting, if:

a)Th

b) Th
300 \

7 Markings

Advisory N¢

markings s
in other lan
to be used.

official Iangf

7.1

711 Com

7111 Ad

a) Th
organ
inatn

b) Th

Details|

e voltage rating is higher than 250 V dc: or

If a device includes a switch that controls an outlet, the overall rating of the device shall not be

e current rating is higher than 250 A for voltages up to 300 V ac, or 200 A for
ac and for voltages up to 250 V dc. See Clause 5.21.5.

te: In Canada, there are two official languages, English-and French, and i

bany name, catalog designation, electrical rating

bvice shall be legibly and permanently marked, where readily visible after installg

e manufacturer's name, trade name, trademark, or other descriptive marking
ization responsible for the Jdevice may be identified. The manufacturer's identifi
aceable code if the device is identified by the brand or trademark owned by a pri

e catalog number'or an equivalent designation, where practicable. See Clause 7

c¢) The electrical.fating in both volts and amperes;

d) TH

e) WH

e motorrating(s) and associated electrical rating (voltage, no. of phases, etc.), if

ether ac or dc, or both; see Clause 7.1.6.1;

voltages over

Mexico, the

age is Spanish. Annex B provides translations in French and Spanish of the English
ecified in this standard. Markings required by this standard may have to| be provided
uages to conform with the language requirements) of the country where the product is

tion, with:

by which the
tation may be
vate labeler;

1.8.1;

so rated;

In Mexico, the symbol "c.a." for AC, the symbol "c.d." for DC, or both, as applicable, shall be used.

f) For devices incorporating either fuses or circuit breakers, the rating of the fuse or circuit breaker
in rms symmetrical amperes;

g) Ambient temperature rating, if higher than 40°C or if lower than -25°C; and

h) If intended for a specific location, the type of location in which the device is intended to be used.

7.1.1.2 Adevice intended for use with flexible cord or cable shall be marked with the following:

a) The intended flexible cord or cable types;

b) Co

nductor size or sizes;
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c) Total number of conductors; and

d) The overall cord diameter if the device is intended to be utilized with a limited range of cord
diameters available for a cord.

The markings shall be indicated on the smallest unit shipping carton, on an instruction sheet provided in
the carton, or on the device.

7.1.1.3 In Mexico and the United States, if the device is rated 100 A or less and is intended for use with
conductors having 75°C insulation, the device shall be marked with the temperature rating of the
insulation. In Canada, if the device is designed for use with conductors having other than 60°C insulation,
the device shall be marked with the temperature rating of the insulation.

7.1.1.4 If a flevice is intended for use with conductors having a temperature rating higher than 60°C but
is intended tq be used based on 60°C ampacities, the minimum conductor size shall be ind|cated on the
device, as well as on the smallest unit shipping carton, or on an instruction sheet provided in the carton.

7.1.1.5 If a|device is intended for use with conductors having a temperature rating of| 60°C but is
intended to e used based on the conductor’s 75°C ampacity, the minimum conductor gize shall be
indicated on {he device or on the smallest unit shipping carton, or on anninstruction sheet prpvided in the
smallest unit $hipping carton. See Clause 5.25 4.

7.1.1.6 A dgvice employing more than 2-pilot pins or contacts and intended for use with Appliance Wiring
Material (AWM) shall be marked with the following:

a) Thg intended Appliance Wiring Material (AWM) style number(s);

b) Temperature and voltage rating of the Appliance Wiring Material (AWM);
c) Corjductor size or sizes;

d) Total number of conductors; and

e) Thg overall strain relief diameter.

The markingg shall be indicated” on the smallest unit shipping carton, on an instruction shegt provided in
the carton, orfon the devicé;

7.1.1.7 Dev|ces having two or fewer pilot contacts that are also intended for use with an AWM cord or
cable shall bgd marked as described in Clause 7.1.1.6.

7.1.1.8 Devices employing more than 2-pilot pins or contacts and devices having two or fewer pilot
contacts that are also intended for use with an AWM cord or cable shall be marked to indicate a minimum
pilot contact conductor size of 18 AWG or some larger size as specified by the manufacturer. The marking
shall be indicated on the smallest unit shipping carton, on an instruction sheet provided in the carton, or on
the device.

7.1.1.9 If more than one pilot circuit rating is applicable, then all appropriate ratings shall be given. The
marking shall be indicated on the smallest unit shipping carton, on an instruction sheet provided in the
carton, or on the device.

7.1.2 Multiple factories

7.1.2.1 In the United States, if a manufacturer produces or assembles attachment plugs, receptacles,
cord connectors, and the like at more than one factory, each finished device shall have a distinctive


https://ulnorm.com/api/?name=UL 1682 2024.pdf

MARCH 28, 2024

NMX-J-719-ANCE ¢ CSA C22.2 No. 182.1:17 # UL 1682

55

marking on the device, which may be in code, by which the device can be identified as the product of a

particular fac

tory.

In Canada and Mexico, this requirement does not apply.

7.1.3 Nonconductive mounting means

7.1.3.1

In Mexico and the United States, a receptacle or a flanged inlet as described in Clause 4.9.4 shall

be plainly marked on the device where visible during installation as follows: “CAUTION - Mounting means
not grounded. Grounding wire connection required” or an equivalent statement following the word

“CAUTION".

See Clause 7.1.5.1.

In Canada, tlLis requirement does not apply.

7.1.4 Disconnecting under load

7141 Ad
Do Not Discq
shall be visib

7.1.5 Cautionary marking size

7.1.5.1
appear in let
than twice th

71.6 ACo
716.1 Ad
means of the

"60 ~"), or a
intended for

In Mexico, th

7.1.7 Enclgsure grounded/bonded devices

7171 An

Markings containing the word “CAUTION” shall contrast sharply with the backgro
ering of a height not less than specified in Table 18. The word “CAUTION” shall be not less

bvice not intended for interrupting current shall be marked “CAUTION — Risk of B
nnect Under Load”, or an equivalent statement following theword “CAUTION”.
e while the device is in the mated condition. See Clause 7.4.541.

b height specified in Table 18.
nly devices

bvice that is intended for use on-alternating current circuits only shall be identifig

letters “AC”, or “AC Only”,cor an acceptable frequency marking (for example,
phase marking, which shall be a part of the electrical rating. For multiphase de
Ise only on a wye system, the marking shall include the word “ Wye,” or the equi

e symbols "\), or"c.a." or "AC Only" for AC, as applicable, shall be used.

etallic'attachment plug or cord connector in which the enclosure is conductively

Flectric Shock
This marking

bnd and shall

bd as such by
“60 Hertz" or
vices that are
valent.

connected to
nded” or with

the groundin

h/banding pin or contact shall be marked on the device, “enclosure grounded/bg

an equivalent statement, unless the grounding/bonding connection is readily visible.

7.1.8 Catal

7.1.8.1

og designation

If the product is too small, or where it would be difficult to legibly provide the complete catalog

designation or an equivalent designation, or where several catalog numbers use common parts, the
complete designation shall appear on the smallest unit container.

7.1.9 Fused devices

7.1.9.1

A device intended to accommodate fuses, other than a plug or cartridge fuse acceptable for

branch circuit protection, shall be marked “Use only with a ___ volt fuse”. The potential to be used in the

marking shal

| be the voltage rating of the fuse for which the device is intended.


https://ulnorm.com/api/?name=UL 1682 2024.pdf

56 NMX-J-719-ANCE ¢ CSA C22.2 No. 182.1:17 ¢ UL 1682 MARCH 28, 2024

7.1.10 Locking-type devices

7.1.10.1 An attachment plug required to be given a twisting or turning motion, except for any locking
retaining device, to lock or unlock it after the male contacts have been inserted into the female contacts,
and a cord connector intended to accommodate such an attachment plug, shall be marked on the device,
“Turn and pull” or an equivalent wording or symbol. The marking shall be visible while the device is in use.

7.1.11 Receptacle marking location

7.1.11.1  The markings required in Clauses 7.1.1.1, 7.1.4.1, and 7.1.6.1 shall be visible on the outside of
a receptacle after installation.

7112 Wiri|||g information — field wiring terminals

7.1.12.1 The value of tightening torque assigned in accordance with Clause 4:11:3 sha|l be marked
where readily|visible:

a) On the device;
b) On the smallest unit container; or

¢) On an information sheet packed in the smallest unit container.

7.1.12.2 If field wiring terminals employing solder connections are intended for solid, stranded tinned, or
tin dipped stranded conductors only, instructions regarding the use of solid wire or the tinning of stranded
wire shall be marked where readily visible:

a) On the device;
b) On the smallest unit container; or

¢) On gn information sheet packed-in the smallest unit container.

7.1.12.3 Crimp terminal installations instructions, including conductor size(s) and type(s) and crimp
tool(s) designation shall be marked where readily visible:

a) On the device;
b) On the smadllést unit container; or

¢) On pntinformation sheet packed in the smallest unit container.

7.1.13 Overcurrent protection — motor rated devices

7.1.13.1 A device intended for use on general purpose branch circuits having a motor rating over 1
horsepower (746 W) shall be marked “Suitable For Use On A Circuit Capable Of Delivering Not More Than

rms Symmetrical Amperes, Volts Maximum”. The ratings shall not be more than the
value for which the device was tested in accordance with Clause 5.17. The following requirements shall

apply:

a) If tested only with non time-delay fuses, the marking shall also include the following or equivalent
statement:

“When Protected by Class Fuses”.
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b) If tested with a time delay fuse, the marking shall also include the following or equivalent

state

ment:

“When Protected by Time Delay Class Fuses”.

c) If tested in accordance with Clause 5.17.2.2, the marking shall also include the following or
equivalent statement:

“When Protected by a Circuit Breaker Having an Interrupting Rating Not Less than

These marki

71132 A

on the devics

a) ‘M
equiv

b) “M

c) “Pr

d) “Pn

The ampereq

71133 A
horsepower

rm
value for wh

apply:
a) If

includ

\olts-Maximm

rms

Svmmetrical Amnares
J Lad 7

ngs shall be located on the device or in the installation instructions.

motor rated device intended for use on general purpose branch circuits shall al
with one of the following statements:

blent,
hximum Overcurrent Protection Amperes”,
btect With Maximum Ampere Fuses”, or

ptect With Maximum Ampere Time Delay Fuses".

rating shall not be more than the rating of the device.

device intended only for- dse on a motor branch circuit having a motor
5 Symmetrical Amperes,

ch the device wasiested in accordance with Clause 5.17. The following requi

fested only.‘with non time-delay fuses in accordance with Table 14, the mark
e the follewing or equivalent statement:

“Ahen Protected h‘,’ Class Fuses”

pximum Overcurrent Protection Shall Not Exceed the Ampere Rating of This L

746 W) shall be marked(*Suitable For Use On A Circuit Capable Of Delivering N
Volts Maximum”. The ratings shall not be n

50 be marked

Device” or the

ating over 1
ot More Than
hore than the
rements shall

ng shall also

b) If tested with a time delay fuse in accordance with Table 14, the marking shall also include the
following or equivalent statement:

“When Protected by Time Delay Class Fuses”.

c) If tested in accordance with Clause 5.17.2.2, the marking shall also include the following or

equiv

alent statement:

“When Protected By A Circuit Breaker Having An Interrupting Rating Not Less Than

Symmetrical Amperes, Volts Maximum”.

rms
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These markings shall be located on the device or in the installation instructions.

7.1.13.4 A motor rated device intended only for use on a motor branch circuit shall also be marked with

the following:

a) “Su

itable for Use Only on Motor Branch Circuits” or the equivalent, and

b) One of the following:

The ampere
Clause 5.17.4

i) “Maximum Overcurrent Protection Amperes”;

i) “Protect With Maximum Ampere Fuses”; or

iii) “Protect With Maximum Ampere Time Delay Fuses”.

ating shall not be more than the value for which the device was tested jin acc
dorb5.17.2.2.

These markin
7.1.14 Envi
71141 A

ANCE/CSA Q
See Clauses

ronmental enclosures

gs shall be located on the device or in the installation instructions.

evice enclosure type designation marking shall b& one of those specified in N
22.2 No. 94.2/UL 50E. The marking shall be visible after installation and shall b
7.1.14.6 and 7.1.14.7.

7.1.14.2 An
marked with 1

7.1.14.3 De

following add
a)AT
b) AT
71144 If t

orientation, th

71145 A
where visible

enclosure that complies with the requirements for more than one type of enclg
nultiple designations.

vice enclosures that comply with-the requirements of Clause 5.29 may be prov
tional markings:

pe 4, 4X, 6, or 6P enclosure may be marked “Watertight”.

pe 4X or 6P enclosure may be marked “Corrosion Resistant”.

he acceptability of a Type 2, 3, or 3R enclosure is dependent upon a particy
e device énclosure shall be marked to indicate the required orientation.

blug, receptacle, or connector that provides enclosure protection shall be le
durihg intended use with the following or equivalent statement, “To maintain enc

prdance with

MX-J-235/2-
e permanent.

sure may be

ided with the

lar mounting

pibly marked
osure rating,

use only with

a device with identical marking ” (specific identification).

7.1.14.6 A marking identifying an environmental enclosure type or types shall be molded, die-stamped,
paint-stenciled, stamped or etched metal that is permanently secured, or indelibly applied lettering on a
label secured by adhesive that, upon investigation, is acceptable for the application. Ordinary usage,
including likely exposure to weather and other ambient conditions, handling, storage, and the like of the

equipment sh

7.1.14.7

all be considered in the determination of the acceptability of the application.

In Canada and the United States, a pressure-sensitive label or a label secured by cement or

adhesive shall comply with the applicable requirements for indoor or outdoor use labels in UL 969 or CSA

C22.2 No. 0.1

5.

In Mexico, this requirement is optional.
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7.1.15 Moisture-resistant devices

7.1.151

A device that complies with the requirements of Clause 5.29.3 may be marked “Watertight”.

7.1.15.2 A device that complies with the requirements of Clause 5.29.2 may be marked “Marine type”.

7.1.16 Pin-type (insulation-piercing) or insulation-displacement terminals

7.1.16.1

insulation-displacement terminals shall be provided with:

Attachment plugs and cord connectors employing either pin-type (insulation-piercing) or

a) Ins
includ

b) TH
condy
instru

c)Ins
d) Th
the cq

conn
conn

7.2
7.21

7.2.1.1 Wir
circuits, and

7.2.2 Grou
7221 De

grounding/bd
with Table 1

!

Identification and marking of terminals

tructions for acenmhling the-device-to-the flexiblecord-orcable—Details—shall

ing pictorial representation to enable proper assembly.

e words "CAUTION — Risk of electric shock. Do not strip conductors. C
ctors cleanly" or an equivalent wording following the word CAUTION and any
ctions concerning cord preparation.

fructions concerning the flexible cord or cable type or types to‘beused.

b words "CAUTION — Risk of electric shock. Proper polarization must be maintai

be provided,

it off end of
other specific

hed. Examine

rd carefully before assembling this product. The white.¢olored conductor insulafion should be

cted to the white-colored terminal. The green<eolored conductor insulatid
cted to the green-colored terminal” or an equivalent wording following the word

Gengrral

ng terminals shall be marked\to indicate the proper connections for the p
he like, or a wiring diagram coded to the terminal marking shall be provided with

hded/bonded and grounding/bonding

ice wiring terminals intended for connection to grounded/bonded circuit g
nding condugtors shall be clearly and permanently identified on the device i
D or Table)20. The colors or markings specified for this terminal identification

applied to other than the designated terminals. The identifications shall be readily recogr

wiring and re

ate directly to the appropriate terminals.

n should be
CAUTION.

ower, control
the product.

onductors or
N accordance
shall not be
izable during

7.2.2.2 Ter

mafs—forthe grounded/bonded conductors may be permanentty fdentified—at the time of
installation by a distinctive white marking or other equivalent means.

7.2.2.3 A part relied upon to provide the terminal identification required in Clause 7.2.2.1 shall not be
readily removable if it can be replaced with a similar part of another wiring terminal of the device. A
suitably staked terminal screw shall be considered not readily removable for this purpose. A surface of a
permanent appendage to a wiring terminal may be used to mark the terminal identification.

7.2.3 Other terminals

7.2.3.1 Marking conventions, other than for those terminals described in Clause 7.2.2.1, shall be
provided and shall be identical to the convention used on the mating device. The marking convention used
shall be described in the wiring instructions provided with the device.
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Table 1

Hot wire ignition (HWI) and high-current arc resistance to ignition (HAI) ratings of insulating

materials

(See Clauses 4.3.12 and 4.3.13)

ars Hch’e HAld
Flammability
classification® Maximum PLC? Minimum value Maximum PLC? Minimum value
V-0, VTM-0 4 7 3 15
V-1, VTM-1, 5VA, 5VB 3 15 3 15
V-2, VTM-2 3 15 3 15
HB 2 30 1 60

0.7 mm (0.028 |nch).

& For materials with other than VTM flammability classifications, the performance level class (PLC) for material shall|be evaluated
using the specifnen thickness employed in the end product or nominal 3.2 mm (1/8 inch) thickness, whichéverthickness is greater.

® Flammability ¢lassification- Described in UL 94 or CAN/CSA-C22.2 No. 0.17. The flammability classification shall Be judged at
the actual miniium thickness employed within 0.8 mm (1/32 inch) of live parts within the device.

¢ Hot Wire Resiptance to Ignition — Described in UL 746A, CAN/CSA-C22.2 No. 0.17, or NMX-J-565/6-ANCE.

4 High-current drc resistance to ignition — Described in UL 746A, CAN/CSA-C22.2 No. 0.1730nNMX-J-565/7-ANCE

¢ The requireménts for hot wire ignition (HWI) performance level class values do not apply,to a polymeric material uged as an
enclosure of a gortable device that does not enclose live parts or insulated live parts{where the insulation thickness [s greater than

Table 2

Minimum relative thermal indices’of insulating materials

(See.Clause 4.3.17)

Minimum relative thermal index?, Degrees C

Application Mechanical®
Electrical
With impact Withoyt impact
ELECTRICAL INSULATION
Al devices 80 60 80
ENCLOSURE or parts ofan
ENCLOSURE
A. All permarjently wired~devices and 80 60 80
other deviges containing fuses
B. A|l other devices 60 60 60

2 Relative thermalindex = Described in UL 746B or CAN/CSA-C22 2 No. Q.17 In the United States for materials with other than

VTM flammability classifications, the material shall be evaluated using specimen thickness of no more than the thickness
employed in the end product or nominal 3.2 mm (1/8 inch) thickness, whichever is greater. In Canada, for materials with other than
VTM flammability classifications, the material shall be evaluated using specimen thickness of no more than the thickness
employed in the end product or nominal 1.6 mm (1/16 inch) thickness, whichever is greater.

b For filament wound tubing, industrial laminates, vulcanized fiber, and similar polymeric materials, the minimum RTI for
mechanical shall be the values specified for Electrical.
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Table 3
Minimum acceptable sizes of grounding/bonding conductors
(See Clauses 4.10.1 and 4.10.3)
Device rating, amperes Copper grounding/bonding conductors® ¢
Not exceeding AWG mm?
15 14 (2.1)
20 120 (3.3)
30 10 (5.3)
40 10 (5.3)
60 10 (5,3)
100 8 (84)
200 6 (13.3)
300 4 (21.2)
400 3 (26.7)
500 2 (33.6)
600 1 (42.4)
800 1/0 (53.5)
@ Equivalent mptric cross-sectional area provided for reference only.
® In Canada, tHe minimum acceptable sizes of grounding/bonding conductors are 14 AWG for 20A rated devices anjd 12 AWG for

30 A rated dev

¢In Canada, th
compact coppq

ces.

e terminals of a device intended to accommodate an\8"AWG or larger conductor shall also be capab
r stranded construction.

e of securing a

Table 4
Minimum/sizes of wire-binding screws

(See Clauses 4.11.7 and 4.11.8)

installation and rated at 15 A.

® A (No. 8) or larger screw having more than the number of threads per inch indicated may be used for terminals if the assembly is
capable of withstanding a tightening torque of 1.8 N-m (16 Ibf in) applied to the wire-binding screw without stripping either the
screw threads or the terminal plate threads, or damaging the slot in the head of the screw. See Clause 4.11.8.

Maximum|number of
Contact ratihg, Amperes Minimum size of screw Minimum head diameter threads|per inch
20 of less #6°2 0.275in 36
20 of less M3.52 7.0 mm -
up fo 35 #8b 0.315in 32
up 10:35 M4° 8.0 mm L
@ An M3 (No. 6) terminal screw, minimum head diameter 6.3 mm (1/4 inch), may be used on devices not intended for permanent
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Table 5
Voltage for tests

(See Clause 5.1.2)

Device rating?, volts

Test potential in volts

110-120, ac 120, ac
110-125, dc 125, dc

208, ac 208, ac
220-240, ac 240, ac
220 — 250, dc 250, dc
265-277, ac 277, ac

347, ac 347, ac
440 - 480, ac 480, ac
550 - 600, ac 600(ac
550 - 600, dc 600, dc

@ |f the rating of

the device does not fall within any of the indicated voltage ranges, it shall bé.tested at its rated voltage.

Table 6
Applicable tests

(See Clause 5.4:6)

Test

Product

Plugs

Connectors

Receptacles

Inlets

Accelerated Ag
Comparative Ti
Glow Wire®
High-Current A
Mold Stress?
Moisture Absor|
Humidity®
Insulation Resi

Dielectric Withs

ng®!

acking Index®

¢ Resistance to Ignition®

btion Resistance?®

tance®

tand®

Impact?

Crush?

Conductor Seclireness®

x

X

X

X X X X X X X X

X

X X X X X X X X

Cord or Cable Secureness?

Withdrawal Forces®

Ground Path Current®®

Short-circuit Withstand®*

Strength of Insulating Base and Support®
No-Load Endurance’

Endurance with Load’

X X X X X X X X X X X X

x

X X X X X X X X X X X X X X X

x

X X X X

Table 6 Continued on Next Page
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Table 6 Continued

Product

Test

Plugs Connectors | Receptacles

Inlets

Overload?

Horsepower Rated Locked Rotor

Electromagnet

Abnormal Overload"
Temperature Rise?

Resistance to Arcing?

X

ic™

Polarization In

Resistance to

Moisture Resigtance®"

Environmental

egrity®"

Corrosion?®

X X X X| X X X X X
X XX X| X X X X X

X X X X

Enclosure Type Designators'

X X X X

@ Each of thesq
b Based on pra
° The humidity,
4 Factory-wireq
¢ Required for
fThese tests a
9 The overload
h Mated pairs 3
"For device en
I Pliable rubbe
K Motor rated d
™ For devices

" For marine a

tests shall be performed on a separate device.
perties of insulating materials. Refer to construction requirements.
insulation resistance, and dielectric strength tests shall be performed on.the same device.
devices only.
bpecific grounding/bonding constructions only. Refer to test description.
Fe performed alternately on the same device.
temperature rise, and resistance to arcing tests shall be performed on the same device.
hall be provided.
Closures identified by a Type no. or nos. for envirenmental protection.
or pliable vinyl chloride elastomeric devices.only.
evices only.
bmploying pilot contacts.

d watertight devices.

Table 7
High-current arc resistance to ignition test

(See Clause 5.5.1)

Arcing criteria

Flame class No. of arcs
HB 60
V-2, VTM-2 15
V-1, VTM-1, 5VA, 5VB 15

V-0, VTM-0 15
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Table 8
Dielectric withstand test voltage

(See Clause 5.10.1)

Device rating, volts Test voltage, volts
Up to and including 300 2000
Over 300 up to and including 600 3000
Table 9
Test values for conductor secureness test
(See Clause 5.11.2)
Size of conductor Pullout force
AWG of kemil mm? N pouhds

3p 0.05 22 0p
28 0.08 4.5 1
26 0.13 8.9 2
24 0.20 13:4 3
2p 0.32 20 46
2p 0.52 30 6.15
18 0.82 30 6.15
16 1.3 40 9
14 21 50 1115
1P 3.3 60 1315
1D 53 80 1810

g 84 90 20|15

4 13.3 94 2

4 21.2 133 30

3 26.7 156 3b

p. 33.6 186 4p

1 42.4 236 58
10 53.5 285 64
20 67.4 285 64
3/0 85.0 351 79
4/0 107 427 96
250 127 427 96
300 152 441 99
350 177 503 113
400 203 503 113
500 253 578 130
600 304 578 130
700 355 645 145

Table 9 Continued on Next Page
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Table 9 Continued

Size of conductor

Pullout force

AWG or kcmil mm? N pounds

750 380 690 155

800 405 690 155

900 456 702 158

1000 507 778 175

1250 633 965 217

1500 760 1174 264

17150 887 1347 3p3

2000 1010 1521 312

Table 10
Cord or cable secureness test values
(See Clauses 5.12.1 and 5.12.4)
Maximum
Device rating, Force Torque displacement

amperes Ibf N ft-lb Nem mm
15 30 133 0.3 0.41 2.4
16-20 30 133 0.4 0.54 24
21-35 75 333 0.5 0.68 2.4
36-70 150 667 1.0 1.4 2.4
71-125 150 667 2.0 2.7 2.4
126 — 200 150 667 4.0 54 2.4
201 -400 300 1334 8.0 10.8 4.8
401 -2800 600 2668 12.0 16.3 4.8

Table 11

Minimum withdrawal force

(See Clause 5.15.1)

Device rating, amperes

Minimum withdrawal force®

N Ib

15 18 4
16-20 22 5
21-35 27 6
3670 67 15
71-125 89 20
126 — 800 111 25

@ The minimum withdrawal force includes the weight of the test plug. If the weight of the mating plug exceeds the specified
withdrawal force, the device shall retain the test plug.
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Table 12
Short-time test currents

(See Clause 5.16.1)

Minimum size grounding/bonding conductor

Short-circuit test values

(See Clauses 5.17.1.1, 5.17.2.12 and 5.17.2.14)

Device rating, (copper)
amperes AWG mm? Time, seconds Test current, amperes
0-15 14 21 4 300
16 -20 12 3.3 4 470
21-60 10 5.3 4 750
61— 10 8 8.4 4 1180
101 -200 6 13.3 6 1530
201 -300 4 212 6 2450
301 -400 3 26.7 6 3100
401 -500 2 33.6 6 3900
501 - 600 1 42.4 6 4900
601 - 800 1/0 53.5 9 5050
Table 13

Device rating, horsepower (kw)

Test current amperes®

Power factor®

1.5+50

51—|200
2014400
4014600
6011643

(1.1-37.3)
(38 — 149)
(150--208)
(299~ 447)
(448 — 480)

5,000°
10,000
18,000
30,000
42,000

0.7040.80
0.7040.80
0.2540.30
0.15 0 less

0.15or less

& Symmetrical rms amperes.
b 10,000 amperes at manufacturer’s option.

¢ Lower power factors may-be used.

Table 14

Ratings of fuses used for test

(See Clauses 5.17.2.1(b), 5.17.2.5, and 7.1.13.3)

Maximum percent of rated motor Fuse size marking
Type of fuse? Current, amperes full-load current® required
Non time-delay 0-600 No
Non time-delay 0-600 <400 but 2 300° Yes
Non time-delay 0-600 < 300 but > 225f Yes
Time-delay 0-600 Yes
Non time-delay 601 — 6000 No

Table 14 Continued on Next Paqge
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Table 14 Continued

Type of fuse?

Maximum percent of rated motor

Current, amperes full-load current®

Fuse size marking
required

Non time-delay

601 -6000 < 300'

Yes

@ Tests with 225 percent full load ampere time delay fuses are not considered representative of tests with 400 percent full load
ampere non time-delay fuses.

® These values are approximate and shall be used when the manufacturer does not specify fuse sizes but refers to a maximum
percent level, such as "Fuse not to exceed 300 percent of motor full load amps".

¢ |f the calculated value of the fuse is between two standard ratings as specified in Clause 5.17.2.4, a fuse of the nearest standard
rating but not more than four times the full-load motor-current rating shall be used. If the calculated value of the fuse is less than 1
ampere, a fuse rated 1 ampere shall be used, and no marking of fuse size shall be required on the product.

d Tests with 40

¢ Tests with no
time-delay fusé

f Tests with les

9 The product i
delay type.

P If the calculat
rating but not

"The protectivd
this limit of pro

ver use wi |

Tme-delay 1u Y TUSES.

h time-delay fuses rated less than 400 percent, but equal to or greater than 300 percent, coveruse W
S.

5 than 300 percent non time-delay fuses require additional testing with 225 percent (or a§ymarked) ti

5 marked to indicate the level of protection and that the branch-circuit protective deviee-may need to

ed value of the fuse is between two standard ratings as specified in Clause 54.%.2.4, a fuse of the ng
hore than three times the full-load motor-current rating shall be used.

device may be a non time-delay fuse smaller than the size specified,in note h if the product is mark
ection.

ith 175 percent

ne-delay fuses.

be of the time-

arest standard

bd to indicate

Table 15
Short-circuit power factor

(See Clause5.17.3.3.5)

Short-circyit Short-circuit
power factqr, power factor,
percent Ratio My, Ratio M, percent Ratio My, Ratio M,
0 1.732 1.39%4 30 1.130 1.066
1 1.696 1.374 31 1.121 1.062
2 1.665 1.355 32 1.113 1.057
3 1.630 1.336 33 1.105 1.053
4 1598 1.318 34 1.098 1.049
5 1.568 1.301 35 1.091 1.046
6 1.540 1.285 36 1.084 1.043
7 1.511 1.270 37 1.078 1.039
8 1.485 1.256 38 1.073 1.036
9 1.460 1.241 39 1.068 1.033
10 1.436 1.229 40 1.062 1.031
1 1.413 1.216 41 1.057 1.028
12 1.391 1.204 42 1.053 1.026
13 1.372 1.193 43 1.049 1.024
14 1.350 1.182 44 1.045 1.022
15 1.330 1.171 45 1.041 1.020
16 1.312 1.161 46 1.038 1.019

Table 15 Continued on Next Page
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Table 15 Continued
Short-circuit Short-circuit
power factor, power factor,
percent Ratio My Ratio My percent Ratio My, Ratio M,
17 1.294 1.152 47 1.034 1.017
18 1.277 1.143 48 1.031 1.016
19 1.262 1.135 49 1.029 1.014
20 1.247 1.127 50 1.026 1.013
21 1.232 1.119 55 1.015 1.008
22 1.218 1.112 60 1.009 1.004
23 1.205 1.105 65 1.004 1.002
24 1.192 1.099 70 1.002 1.001
25 1.181 1.093 75 1.0008 1.0004
26 1.170 1.087 80 1.0002 1.00005
27 1.159 1.081 85 1.00004 1.00002
28 1.149 1.075 100 1.00000 1.00000
29 1.139 1.070
Table 16
Total number of operating cycles
(See Clause:5:20.7)
Cycles with load at rated
Device rating, amperes current and voltage No-load cycles Sequpence
15420 5000 0 .
21463 1000 1000 Alterrjately
64 —|250 250 250 Alternjately
251800 0 250 .
Table 17
Standard electromagnet loads®
(See Clauses 5.24.1 and 5.24.2)
Standard duty Heavy duty
Test potential in volts (Codes B and P) (Codes A and N)
Normal current Current inrush Normal current Current inrush
120 ac? 3.0 30 6.0 60
240 ac? 1.5 15 3.0 30
480 ac® 0.75 7.5 1.5 15
600 ac® 0.6 6 1.2 12
125 dc® 1.1 - 2.2 -
250 dc® 0.55 - 1.1 -
600 dc® 0.2 - 0.4 -

Table 17 Continued on

Next Page
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Table 17 Continued

Standard duty Heavy duty
Test potential in volts (Codes B and P) (Codes A and N)
Normal current Current inrush Normal current Current inrush

@ Power factor 0.35 or lower.
® Inductive loads, as specified in UL 508, CSA C22.2 No. 14, or NMX-J-515-ANCE.

¢ For other values, see UL 508, CSA C22.2 No. 14, or NMX-J-515-ANCE.

Table ]8

Mirri ot hetoht

(See Clause 7.1.5.1)

Minimum height of lettering
Device rating amperes
mm inch
Less than 40 1.5 1/16
40 or more and under 150 3.0 1/8
150 or more and under 400 6.0 1/4
400 or more 12.0 1/2
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Table 19

Identification of wiring terminals

(See Clause 7.2.2.1 and Figure 5)

Identification by:

Grounded/bonded terminal

Grounding/bonding terminal

All other terminals

Wire-binding screw

White or silver-colored metal or
plating on screw head.®
In Mexico, the letter "N" adjacent
to the wire binding screw may be
used instead.

Hexagonal, green-colored nut®
or slotted screw head.?®
In Mexico, the ground symbol®
adjacent to the wire binding
screw may be used instead.

Other than white, silver, gray, or
green circular screw head

Pressure wire
terminal-visible.

White or silver-colored metal or

platina-on-connector.t
L S

Green-colored connector or

aonendage e
g 4

Other than white, silver, gray, or
green colored terminal

In Mexico, the letter "N" adjacent
to the pressure wire terminal
may be used instead.

In Mexico, the ground symbol¢
adjacent to the wire binding
screw may be used instead.

Pressure wWire
terminal- congealed

Distinct white-colored area
adjacent to wire entrance hole,
or the word "white", or the letter

"W" distinctively marked
adjacent to wire entrance hole.®
In Mexico, the letter "N" adjacent

to the pressure wire terminal
may be used instead.

Distinct green-colored area
adjacent to wire entrance hole,
or the word "green" or "ground",
the letters "G" or "GR", or the
grounding/bonding symbol®
distinctively marked adjacént to
wire entrance hole?

Other than white,|silver, gray, or
green area adjgcent to wire
entrancg hole

Set screyv

Distinct white-colored area
adjacent to wire entrance hole,
the word "white", or the letter
"W" distinctively marked
adjacent to wire entrance hole.®
In Mexico, the letter "N" adjacent
to the set screw may be used
instead.

Distinct green<colofed area
adjacent to wire entrance hole,
or the word ‘green" or "ground”,
the letters "G" or "GR", or the
groundifig/bonding symbol®
distinetively marked adjacent to
wire entrance hole®

Other than white,[silver, gray, or
green area adjacent to wire
entrancg hole

=3

Terminal plate

White or silver-colored metal or,
plating®

Other than white,[silver, gray, or
green metal jor plating

Insulating enclgsure or
termina

The word "white" or thé letter
"W", marked on or directly
adjacent to terminal®-or white or
silver-colored metal or plating on
terminal.

In Mexice; the letter "N" adjacent
to the wire-binding screw may be
used instead.

The word "green”, the word
"ground"”, or the letters "G" or
"GR"® marked on or directly
adjacent to terminal, or green-
colored terminal, or the
grounding/bonding symbol¢

Other than white,[silver, gray, or
green-coloref terminal

& Only if all linegerminal binding screws are of the same color.
® Not readily refnovable."See Clause 7.2.2.2.

¢ In letters at legst ™6wnm (1/16 inch) high.

The grounding/bonding symbol shown in Figure 5 is permitted, with or without the circle.

€ The use of terminals in their natural metallic color (i.e., silver) is allowed, provided the Grounded/Bonded and
Grounding/Bonding terminals are identified by means other than terminal screw, setscrew or terminal color.
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Table 20
Identification of leads

(See Clause 7.2.2.1)

Identification by:

Grounded/bonded
conductor

Grounding/bonding
conductor

All other conductors

Color of braid®

Solid white or gray (without

Not applicable

White or gray with tracer in
braid

or

Solid color other than white,

tracer) gray, or green? (without
tran .,er)
Color other than white, gray or Not applicable Solid color'other than white,

green, with tracer in braid

gray, ok green]

(without tracer)

Color of ipsulation® Solid white or gray; stripe, Green with or without one or Solid color other than white,
white or gray, on contrasting more yellow stripes gray, of green®
color other than green?®
Color of g$eparator® Solid white or gray Not applicable Solid color other than white,
gray, of green®
Conductpr tinning® Tin or other acceptable metal Not applicahle No tin or otherfwhite metal on

on all strands of the conductor

the strands of

the conductor

@ A green wire|
b If color of bra

¢ If conductor |

with or without one or more yellow stripes, shall be used only as-a\grounding/bonding conductor.
d, insulation, or separator is used for identification, all conductors shall be either tinned or not tinned

nning is used for identification, all braids and/or insulation’shall have the same color and shape.
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Figure 1
Articulate probe with web stop
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Figure 2

Impact test equipment

(See Clause 5.13.2)
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Note: All dimengions given are in mm (inches).
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Figure 3
Determination of current and power factor

for circuits of 10,000 amperes and less

(See Clause 5.17.3.2.1)

/\/K v’;r\\v

GURRENT

TIMING
2 2

\‘INITIATION OF FAULT

+b

Current = 94 rms calibration of instrument element

Power Foctor - Cos[(Y1+2X1) x 180°] . Cos [()/2+2X2)x180°]

Where X and Y-‘values are fractions of the 1/2-cycle distance in which they occuf.

S§0740B
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Figure 4

RMS symmetrical current calculation

(See Clause 5.17.3.3.2)

tq tq

b

Time ——

Recovery Voltage

su2217

The saw tooth line-side component of the recovery voltage can be described in terms of:

a) The line inductance L;
b) Frequency f; y

c) Arl amplitude constant, d, which is the ratio of the peak of the saw tooth component to the peak
of thelvoltage to.ground, at the circuit breaker terminals, at the instant of interruption.

Let MI be the desired test current, where M represents the radio of the test current to /. [Then the line
inductance L is:

_ 058V
L™ Mwi

(I — M) Henrys
The TRV rate of the line-side component R, for a short-line fault is the surge impedance Z multiplied by the

slope of the current at current zero:
Ry = 2wMIZ < 10°kV / s

If the peak amplitude constant of the line-side component is d, the first peak, e, is:

e=d(1 - M)y[2(0,587)
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The time T, to the line-side peak is then:
T = R;Zps
And the frequency is:
fi = %H z

0 R66M (oNI7

To determine

constant equals d, and adjust the frequency, f,, to the desired value.

The surge im

NOTE — w = 2mf]

The saw too

adjacent to the circuit breaker and the line. The time delay-t; is 0.5 us for breakers rated

above, and 0
rate of rise of
is modified.

The ramp vo
nearly peak V|

pedance is Z = 450 (, and the amplitude constantd = 1.6.

bltage, but the peak occurs at a'time (T, + 2t4) as shown in Figure 4.

Hz

LT T aa sy

the line-side component circuit, calculate the line inductance, L, verify that t

where f is the power system frequency; V is in kV units; and | is in kArunits.

h recovery voltage on the short line fault transient is delayed by substation

2 ps for breakers rated below 242 kV. The first line-side peak voltage, e, and
recovery voltage, R, are the same as previously calculated, but the time to first

tage rising at a rate, R, is delayed by the time delay t4. The voltage then ris

Figure 5
Grounding/bonding symbol

(See Table 19)

N

GND1

he amplitude

capacitance
242 kV and
the line-side
peak voltage

bs linearly to
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