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Preface

This is the harmonized ANCE, CSA Group, and UL Standard for Electric Vehicle Supply Equipment. It is
the Third edition of NMX-J-677-ANCE, the Third edition of CSA C22.2 No. 280, and the Third edition of UL
2594. This edition of NMX-J-677-ANCE supersedes the previous edition published on December 21,
2016. This edition of CSA C22.2 No. 280 supersedes the previous edition published on December 21,
2016. This edition of UL 2594 supersedes the previous edition published on December 21, 2016.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc. (UL). The efforts and support of the Technical
Harmonization Working Group for Electric Vehicle Supply Equipment are gratefully acknowledged.

This stan
Standard

The pres

Asociacioh de Normalizacién y Certificacion, A.C., CONANCE.

This stanglard was reviewed by the CSA Subcommittee on Electric Vehicle — Supply Equip

jurisdictio

Committee on Requirements for Electrical Safety, and has beenformally approved by the
Committee. This standard has been developed in compliafhce”with the Standards Cour
requiremegnts for National Standards of Canada. It has been published as a National Stand
by CSA Group.

Applicati

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

Note: Altho

responsibility of the users of the standard to\judge its suitability for their particular purpose.

Level of harmonization

This stanglard uses the JEC format but is not based on, nor is considered equivalent to, an IE
This stanglard is‘published as an equivalent standard for ANCE, CSA Group, and UL.

An equivdlent standard is a standard that is substantially the same in technical content, exg

fdard is considered suitable for use for conformity assessment within the stateq

ent Mexican Standard was reviewed and approved by the Comité-de Normg

h of the CSA Technical Committee on Industrial Products and the CSA Str.

pn of Standard

gh the intended primary applieation of this standard is stated in its scope, it is important to note t

scope of the

lizacion de la

ent, under the
egic Steering
CSA Technical
cil of Canada
ard of Canada

mber is to be

hat it remains the

C standard.

ept as follows:

Technical national differences are allowed for codes and governmental regulations as well as 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

This standard provides general requirements for electric vehicle supply equipment for use in accordance
with the electrical installation codes of Canada, Mexico, and the United States. At present there is no IEC
standard for these products for use in accordance with these codes. Therefore, this standard does not
employ any IEC standard for base requirements.

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 stafpdards development organization. [T more than one inierpretation of the teral {ext has been
identified, [a revision is to be proposed as soon as possible to each of the standards| development
organizatipns to more accurately reflect the intent.
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INTRODUCTION
1 Scope

1.1 This Standard applies to conductive electric vehicle (EV) supply equipment with a primary source
voltage of 1000 V ac or less, with a frequency of 50 or 60 Hz, and intended to provide ac power to an
electric vehicle with an on-board charging unit. This Standard covers electric vehicle supply equipment
intended for use where ventilation is not required.

1.2 With reference to 1.1, the following list of examples of electric vehicle supply equipment are included
in this Standard:

a)[EV Cord Sets — Rated 125 Vac maximum, 16 A maximum, intended for indoor-and outdoor use;

b)|Fastened in place EV Charging Stations — Rated 250 Vac maximum, 40 ‘A maximum, intended
forf indoor or outdoor use;

c)|Fixed in place EV Charging Stations — Rated 1000 Vac maximum, intended for indoor or
indoor/outdoor use; and

d)[ Fixed in place EV Power Outlet — Rated 1000 Vac{maximum, intended |for indoor or
indoor/outdoor use.

For Mexido, use 127 Vac where 120 or 125 Vac is referenced in this Standard. In Canada and the United
States, th|s does not apply.

1.3 The|products covered by this Standard are, intended for use in accordance with the Installation
Codes in Annex A, Ref. No. 1.

1.4 This| Standard does not cover cord'sets or power supply cords for applications ¢ther than EV
charging ¢ord sets. For cord sets and power supply cords not covered by this Standard, refer to Annex A,
Ref. No. 2 and No. 3.

1.5 WitH reference to 1.2, this. Standard does not cover electric vehicle charging equigment. For EV
charging ¢quipment not covered by this Standard, refer to Annex A, Ref. No. 4.

1.6 This|Standard dees not cover electric vehicle connectors. For electric vehicle connectdrs not covered
by this Standard, referto Annex A, Ref. No. 5

1.7 This| Standard does not cover regular-use power outlets. For regular-use power outlefs not covered
by this Standard, refer to Annex A, Ref. No. 6.

1.8 This Standard does not cover equipment intended for wireless power transfer, which may also be
designated as wireless charging, inductive charging, magnetic resonance charging, or any other similar
designation indicating the transfer of power from the EVSE to the vehicle through other than a conductive
connection.

2 Units of Measurement

2.1 The values given in S| (metric) units shall be normative. Any other values given shall be for
information purposes only.
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3 Components

3.1
comply with the requirements for that component.

3.2 A componentis not required to comply with a specific requirement that:

Except as indicated in 3.2, a component used as a part of a unit covered by this Standard shall

a) Involves a feature or characteristic not required in the application of the component in the

product covered by this Standard, or

b) Is superseded by a requirement in this Standard.

3.3 Aco
use.

mponent shall be used in accordance with its rating established for the intended

3.4 Sped
capabilitie
temperatu

ific components are incomplete in construction features or restricted in
5. Such components are intended for use only under limited conditions, su
res not exceeding specified limits, and shall be used only under thosé specific con

4 Normative References

4.1 Whe
editions ar

re reference is made to any Standard, such reference\shall be considered to refg
d revisions thereto available at the time of printing;.unless otherwise specified.

4.2 Prod
noted in A
intended f
Standards|

Licts covered by this Standard shall comply with the reference installation codes 3
nnex A as appropriate for the country where the product is to be used. When
or use in more than one country, theiproduct shall comply with the installatic
for all countries where it is intended tobe used.

4.3 Forq
Mexico an

roducts intended for use in Canada, general requirements are given in Annex A, |
d the United States, this does.not apply.

5 Definitions

5.1 For {he purposes of this Standard, the following definitions apply. In addition, in th
document| the term “device” refers to the product covered by this Standard. The term “H
icles, ineluding hybrid electric vehicles, plug-in electric vehicles, battery electric
similar vehicles.

In Canadd, allyterms for which a definition appears in C22.2 No. 0 shall be deemed to have

conditions of

performance
ch as certain
litions.

r to the latest

nd Standards
he product is
n codes and

Ref. No. 74. In

e text of this

E\/” applies to
vehicles, and

the definition

as providedn C2ZZ.ZNo. U. The only exception is the definition of "Accessible™ which shall re
in C22.2 No. 280-16. In Mexico and the United States, this does not apply.

5.2 ACCESSIBLE — Able to be contacted by an accessibility probe.

main as given

5.3 BONDED (BONDING) — The permanent joining of metallic parts to form an electrically conductive
path that provides electrical continuity and the capacity to conduct any current likely to be imposed without
a risk of electric shock or fire.

Note: See Figure 14.1 for an illustration of the terms “grounding” and “bonding” with corresponding terms for Canada and Mexico.

5.4 CHARGING CIRCUIT INTERRUPTING DEVICE (CCID) — A device that continuously monitors the
differential current among all of the current-carrying line conductors in a grounded system and rapidly
interrupts the circuit under conditions where the differential current exceeds the ground-fault trip threshold
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of the charging circuit interrupting device. The device is identified by the letters CCID followed by the
differential trip current rating of either 5 or 20 mA.

5.5 CHARGING STATION, ELECTRIC VEHICLE (EV) — A device used to provide power to an on-board
charger.

5.6 COMMERCIAL GARAGE - A facility, or portion of a facility, used for the repair of internal combustion
engine vehicles, in which the area may be classified due to vapors of flammable liquids (gasoline) being

present.

5.7 CONTROL CIRCUIT - A circuit that carries electric signals but not main power current.

5.8 DE(Q
parts whi
standardi

5.9 DIR
outlet buil

510 EL
passenge
suppleme
battery.

511 EL
equipmen

512 EL
outdoor u
when not

513 EL
vehicle r¢g
conductor

514 EL
inserted H
Annex A,

SREE OF PROTECTION — The extent of protection provided by an enclosure ag3
h result in a risk of injury, ingress to foreign solid objects, and/or ingress of\wate
red test methods.

ECT PLUG-IN EQUIPMENT — Devices that are provided with the'méans to conn
[ into the product. No power cord is provided.

FCTRIC VEHICLE (EV) — An over-the-road automotive type’vehicle for highway
r automobile, bus, truck, van, motorcycle, or similar vehicle, which receivs
ntary propulsion power from an electric motor that{draws current from a recharg

FCTRIC VEHICLE (EV) CABLE — A cable~intended to connect the electric ve
t to the electric vehicle.

FCTRIC VEHICLE (EV) CORD SET (PORTABLE EVSE) — An EVSE intended
se that can be carried from one 'charging location to another and is transported
n use. This type of cord set is'subject to changing environmental conditions.

FCTRIC VEHICLE PLUG-= A device intended to transfer power when inserted i
ceptacle, which establishes connection between conductors of the attached EV
s connected to thé EV receptacle. See Annex A, Ref. No. 5.

FCTRIC VEHICLE (EV) RECEPTACLE — A device that is intended to providg
EV plug.-THiIS device would be installed at the output of electric vehicle supply e
Ref. No~5.

515 EL

inst access to
as verified by

ect to the wall

Iise, such as a
bs primary or
eable storage

hicle charging

for indoor and
in the vehicle

nto an electric
cable and the

e power to an
uipment. See

FCTRIC VEHICLE SUPPLY EQUIPMENT (EVSE) — A complete assembly

consisting of

conductors, connectors, devices, apparatus, and fittings installed specifically for the purpose of power
transfer and information exchange between the branch circuit and the electric vehicle.

5.16 ENCLOSURE - That portion of a device that reduces the accessibility of a part that involves a risk
of fire, electric shock, injury to persons, or hazardous energy levels, or reduces the risk of propagation of
flame, sparks, and molten metal initiated by an electrical disturbance occurring within.

5.17 EN

ERGIZED PART — A part at some potential with respect to another part or earth.

5.18 EXPOSED - Visible but not necessarily able to be contacted by an accessibility probe.
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5.19 FASTENED IN PLACE — A mounting means for EVSE which is specifically designed to permit
periodic removal of the EVSE for relocation, interchangeability, maintenance or repair without the use of a
tool.

5.20 FIXED IN PLACE — A mounting means for EVSE that requires a tool to remove the EVSE from its

mounted position.

5.21

GROUND - A conducting connection, whether intentional or accidental, between an electrical

circuit or equipment and the earth or to some conducting body that serves in place of the earth.

Note: See Figure 14.1 for an illustration of the terms “grounding” and “bonding” with corresponding terms for Canada and Mexico.

522 GR
in a charg
the groung
operation.

5.23 INS
protection

5.24 INS
acting as {

DUNDING MONITOR/INTERRUPTER — A device that monitors equipment ground
ng system, and either prevents the circuitry from becoming energized under) cor
ing is not available or interrupts the circuit under conditions where the grounding

ULATION, BASIC — The insulation required for the proper functioning of a device
against the risk of electric shock.

ULATION, DOUBLE — A system of two independent.insulations, each of which
he sole insulation between live and accessible partsdn the event of failure of the ot

The insulation system resulting from a combination of basic and'supplementary insulation.

5.25 INS
qualities th
double ins
homogendq

ULATION, REINFORCED - A single insulation system with such mechanical
at it, in itself, provides the same degree of\protection against the risk of electric

ous piece. The insulation system comprises two or more layers that are not to

supplementary or basic insulation.

5.26 INS
insulation

5.27 ISQO
isolated ci
the insulat

5.28 ISQ
5.27 exce
operation

o protect against the risk\of electric shock in the event the basic insulation fails.

LATION MONITOR/INTERRUPTER — A device that monitors the insulation reg
Fcuit to ground andprevents energization of the circuit or disconnects an energize)
on resistancedrops below a predetermined value.

LATION.MONITOR/INTERRUPTER WITH SELF CHECK — A device similar to thg
pt that. it is also equipped with an automatic supervisory circuit that periodical
of the isolation monitor and does not permit energizing the circuitry, or duri

ing continuity
ditions where
is lost during

and for basic

is capable of
her insulation.

and electrical
hock as does

ulation. The term “single insulation system” does not require that the insulation must be in one

be tested as

ULATION, SUPPLEMENTARY — An independent insulation provided in additiof to the basic

istance of an
d circuit when

t described in
y checks the
ng operation,

disconnec
where the

S the energizing circuitry connected to the load terminals of the isolated circuit un
isolation monitor does not function properly.

er conditions

5.29 KNOCKOUT — A portion of a wall of a sheet metal enclosure so fashioned that it may be removed
readily by a hammer, screwdriver, and pliers at the time of installation in order to provide a hole for the
attachment auxiliary device or raceway, cable, or fitting.

5.30 LEAKAGE CURRENT - Electric current which flows through a person upon contact between
accessible parts of a device and ground or between accessible parts of a device and other accessible
parts of the device.

5.31 LIMITED ENERGY CIRCUIT — An ac or dc circuit having a voltage not exceeding 1000 V and the
energy limited to 100 volt-amperes by a means provided as part of the design.
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5.32 LIVE PART - A conductive part, such as metal, within the device that during intended use has a
potential difference with respect to earth ground or any other conductive part.

5.33 LOW-VOLTAGE, LIMITED-ENERGY (LVLE) CIRCUIT — A circuit involving an alternating current
voltage of not more than 30 volts, rms (42.4 volts peak) or a direct current voltage of not more than 60

volts and supplied by:

a) An inherently limited Class 2 transformer or power unit or a not inherently li
transformer or power unit and a fuse or other circuit protective device that is:

1) Not of the automatic reclosing type;

mited Class 2

2) Trip-free from the reclosing mechanism; and

3) Either not readily interchangeable with a device of a different rating\or'hal
accordance with 74.9; or

b)
re
an

A combination of an isolated transformer secondary winding and,'one or more
julating network complying with 25.1.12 that complies with all the performance re
inherently limited Class 2 transformer or power source.

5.34 OU

cable and an electric vehicle connector (supplying power to the-electric vehicle)s

with permission from NFPA 70®-2014, National Electricah Code®, Copyright © 2013, Nationg
Quincy, MA. This is not the complete and official position¢of the NFPA on the referenced subject wh|
standard in its entirety.

§ Reprinted
Association)
solely by thg

5.35 OVERVOLTAGE CATEGORY - A groupifg of products based on typical installeg
respect tq overvoltage protection and available€nergy.

S a marking in

resistors or a
guirements for

TPUT CABLE TO THE ELECTRIC VEHICLE — An assembly consisting of a length of flexible EV

| Fire Protection
ch is represented

location with

5.36 PQLLUTION DEGREE - The level of pollution present at the location on or in a proguct where the

clearance and creepage distance measurement is made, and can be controlled by design
For example, enclosures can be Used to achieve pollution degree 3, and encapsulation g
achieve ppllution degree 1.

5.37 PQWER OUTLET(ELECTRIC VEHICLE (EV) — A device that is permanently wired g

of the product.
an be used to

nd intended to

provide receptacle ‘where there was previously no accessible receptacle. This product may be
designated for indogp.use only or indoor/outdoor use. The output of the device is a suitable feceptacle and
is intended for use with an EV Cord Set to charge electric vehicles. The vehicle owner woulld use the EV

Power Odtlet by-plugging their EV Cord Set into the receptacle provided as the output of
Outlet.

the EV Power

5.38 PRIMARY CIRCUIT — Wiring and components that are conductively connected
circuit.

to the branch

5.39 PRIMARY SOURCE - The branch circuit to which the ac input of the device is connected.

5.40 SAFETY CIRCUIT — Any circuit that is used to reduce the risk of fire, electric shock, or injury to
persons. For example, in some applications, an interlock circuit would be considered a safety circuit.

5.41 THREADED CONDUIT ENTRY — A conduit entry that is threaded so as to secure
without the use of a bushing or locknut.

a rigid conduit

5.42 TOOL - A screwdriver, coin, key or any other object that is used to operate a screw, latch, or similar

fastening means.
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5.43 VEHICLE CONNECTOR (EV CONNECTOR) — A device, which by insertion into a vehicle inlet,
establishes an electrical connection to the electric vehicle for the purpose of providing power and
information exchange. The device is provided with means for attachment of an EV cable. This device is
part of the Vehicle Coupler.

5.44 VEHICLE COUPLER - The means enabling the connection, at will, of an EV cable to the vehicle. It
consists of a Vehicle Connector and a Vehicle Inlet.

5.45 VEHICLE INLET - The part incorporated in, fixed to the vehicle, or intended to be fixed to it, which
receives power from the vehicle connector. This device is part of the Vehicle Coupler.

CONSTRUCTION

6 General

6.1 EV cord sets
6.1.1 EV
with enclo

power cor

cord sets shall consist of an attachment plug, flexible power cord; personnel prot
sure (see 6.1.2), EV cable, and a vehicle connector. For diréct plug-in EV cord se
i is not provided.

ection system
ts, the flexible

6.1.2 An
and enerd
protect thd
and shall
required t
hazardoug
6.1.3.

EV cord set shall be provided with one or more en¢losures that house all hazard
y hazardous circuits, excluding the flexible power:cord or the EV cable. The e
various parts of the device against mechanical’damage from forces external to thg
protect the user from contact with internal hazardous parts. The parts of the encl
b be in place to comply with the requirements for risk of fire, electric shock, 3
energy shall comply with the applicable-enclosure requirements specified in this

bus live parts,
hclosure shall
e EV Cord Set
psure that are
nd access to
btandard. See

6.1.3 EV
defined as

Cord Sets shall be investigated based on the intended use of the device. Infended use is
portable, intended for indoor/outdoor use.

See 45.3
requireme
Constructi
evaluated

6.1.4 Th

and Annex B for a_list of applicable tests for each intended use classification
hts will specify which classification is required to comply with that specific
bn requirements_with no specification apply to all classification types. All EV cord
based on an.expected operating ambient of minus 30 °C to 40 °C (minus 22 °F to

b frame.or chassis of the device shall not be used to carry current during intended

Construction
requirement.
sets shall be
04 °F).

bperation.

6.2 EV charging stations

6.2.1 EV charging stations shall be provided with a suitable output connection consisting of either an EV
receptacle or an Output Cable to the Electric Vehicle.

6.2.2 EV charging stations shall be provided with enclosures that house all hazardous live parts, and
energy hazardous circuits, excluding the flexible power cord and the EV cable. The enclosure shall protect
the various parts of the device against mechanical damage from forces external to the EV charging
station. The parts of the enclosure that are required to be in place to comply with the requirements for risk
of fire, electric shock, and access to hazardous energy shall comply with the applicable enclosure
requirements specified in this Standard. See 6.2.3.

6.2.3 EV charging stations shall be investigated based on the intended use of the charging station.
Intended use shall be classified as one of the following:
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a) Indoor use only, fastened in place;
b) Indoor/outdoor use, fastened in place;
c¢) Indoor use only, fixed in place; or

d) Indoor/outdoor use, fixed in place.

See 45.3 and Annex B for a list of applicable tests for each intended use classification. Construction
requirements will specify which classification is required to comply with that specific requirement.
Construction requirements with no specification apply to all classification types. All EV charging stations
shall be evaluated based on an expected operating ambient of minus 30 °C to 40°C (minus 22 °F to

104 °F).
6.24 TH
6.25 In

applicabld
not apply

6.3 EV power outlets

6.3.1 E
accordan

6.3.2 E
energy hg
damage
hazardou
requiremg
applicabld

6.3.3 E

be classif]
power ou
Construct
requiremg
outlets sh

6.3.4 TH

e frame or chassis of the device shall not be used to carry current during intended

the United States, metering devices incorporated into EV charging stations shall ¢
requirements in Annex A, Ref. No. 7 orin Annex A, Ref. No. 8. In Canada and Me
- see 3.1.

power outlets shall have a suitably rated grounding type, non-locking type
Ce with Annex A, Ref. No. 27 provided as its output'‘connection to the electric vehic

power outlets shall be provided with enclosures that house all hazardous live|
zardous circuits. The enclosure shall pretect the various parts of the device agait
rom forces external to the enclosurey and shall protect the user from contag
5 parts. The parts of the enclostre that are required to be in place to co
nts for risk of fire, electric shegk, and access to hazardous energy shall co
enclosure requirements spegified in this Standard. See 6.3.3.

power outlets shall be-investigated based on the intended use of the device. Inte
ed as indoor-use onlyfixed in place EV power outlets, or indoor/outdoor-use fix¢
Hlets. See 45.3 and)Annex B for a list of applicable tests for each intended use
on requirements’ will specify which classification is required to comply with
nt. Construetion requirements with no specification apply to all classification types
pll be evaluated based on an expected ambient of minus 30 °C to 40 °C (minus 22

e ftame or chassis of the device shall not be used to carry current during intended

operation.

omply with the
Xico, this does

receptacle in
e.

parts, and all
st mechanical
t with internal
mply with the
mply with the

nded use shall
ed in place EV
classification.
that specific
. All EV power
°F to 104 °F).

operation.

6.3.5

In the United States, metering devices incorporated into EV power outlets shall comply with the

applicable requirements in Annex A, Ref. No. 7 or Annex A, Ref. No. 8. In Canada and Mexico, this does

not apply

—see 3.1.

7 Frame and Enclosure

7.1 Gen

7.1.1

eral

An enclosure shall be formed and assembled so that it has the strength and rigidity required to

resist the abuses to which it may be subjected without resulting in a risk of fire or electrical shock due to
total or partial collapse with resulting reduction of spacings, loosening or displacement of parts, or other
defects.
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7.1.2 The enclosure shall prevent molten metal, burning insulation, flaming particles, or similar materials
from falling on combustible materials outside the enclosure.

7.1.3 A part, such as a dial, display face, or nameplate, that serves as a functional part of the enclosure
shall comply with the enclosure requirements in this Standard.

7.1.4 A product that is intended for use in a commercial garage and contains a component that produces
arcing or sparking, such as a snap switch, a relay, or a receptacle, shall have that component inherently
located a specified height above the floor as described below. For products where these components are
not inherently located above this specified height, the requirements in 7.1.6 — 7.1.7 apply.

a) Fer-Mexico-and-the-United-Statesareing-and-sparking-paris-shall-be-inherenthy-tgcated at least
457 mm (18 inches) above the floor.
b) For Canada, arcing and sparking parts shall be inherently located at least 50 mm (2 inches)

abgve the floor.

7.1.5 Arqg e for use in a

Class 1, D

ing and sparking components that have been evaluated and found’to be suitabl
vision 2 location using one of the following Standards, need not'comply with 7.1.4

a) Annex A, Ref. No. 9, or

b) Annex A, Ref. No. 10.

7.1.6 With reference to 7.1.4, products that are intended\to be carried by hand and are ca
placed on|the floor and which would allow arcing and.sparking components to be located

bable of being
ess than 457

mm (18 in
marked in

ches) in the United States and Mexico, or’60 mm (2 inches) in Canada from the
accordance with 74.10.

7.1.7
sparking
mm (2 inc

7.1.8 Al

7.2 Access covers

721 An
located in
where it ig

WL}? reference to 7.1.4, products that are intended to be floor supported and conta

mponents inherently located\above 457 mm (18 inches) in the United States and
es) in Canada shall be matked in accordance with 74.13.

enclosures shall be rated for a specific degree of environmental protection as outli

access cover shall be hinged where it gives access to a fuse or other overload pra
a hazardous live circuit, the functioning of which requires renewal or resetting b
requited for the user to open the cover in connection with intended operation of|

means shallbe provided to hold the cover positively closed.

floor shall be

in arcing and
Mexico, or 50

hed in7.7.

tective device
y the user, or
the device. A

7.2.2 Adoor or cover giving access to a fuse shall be tight fitting.

7.3 Metallic enclosures

7.31 Ge

7.3.1.1

neral

A metallic enclosure shall comply with the requirements for mechanical strength in 7.6.

7.3.1.2 A metallic enclosure constructed of aluminum, steel, stainless steel, or similar metals is
considered to comply with flammability requirements without test. Magnesium shall not be used as an
enclosure material.
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7.3.1.3 A metallic enclosure shall comply with the applicable environmental considerations for the
intended use in accordance with 7.7.

7.3.2 Cast metal enclosures

7.3.2.1 Except as indicated in 7.3.2.2, the thickness of cast metal for an enclosure shall be as specified
in Table 7.1.

7.3.2.2 Die cast metal and cast metal of a lesser thickness may be employed when upon investigation it
is found to have equivalent mechanical strength as the metals described in Table 7.1 for the intended use.

Table 7.1
Thickness of Cast-Metal Enclosures
Minimum thickness, mm (irjch)
Cast metal of other than
Use, or dimension of area involved Die-cast metal the dip-cast type

Area of 154.8 cm? (24 square inches) or less and having no 1.62 (1/16) 3.2 (1/8)
dimension|greater than 152 mm (6 inches)

Area greatpr than 154.8 cm? (24 square inches) or having any 24 (3/32) 3.2 (1/8)
dimension|greater than 152 mm (6 inches)

At a threaded conduit hole 64 (1/4) 6.4 (1/4)
Atan unthlleaded conduit hole 3.2 (1/8) 3.2 (1/8)

2 The areallimitation for metal 1.6 mm (1/16 inch) thick is obtained,by the provision of reinforcing ribs subdividing d larger area.

7.3.3 Sheet metal enclosures

7.3.3.1 $heet metal enclosures shall comply with the requirements in Annex A, Ref. No. 11, or 7.3.3.2 —
7.3.3.5.

7.3.3.2 ith reference to 7.3.3:1, the thickness of a sheet metal enclosure shall not be|less than that
specified |n Table 7.2 and Tabte\7.3.

7.3.3.3 Table 7.2 andJable 7.3 are based on a uniform deflection of the enclosure surfacg for any given
load concgntrated atthe center of the surface regardless of metal thickness.

7.3.3.4 ith reference to Table 7.2 and Table 7.3, a supporting frame is a structure of anglé or channel or

a folded r{gidisection of sheet metal that is rigidly attached to and has the same outside dimgnsions as the
enclosurelsurface-and-that hasthetorsionalrigidity toresist the-bending-moments-thatare-applied via the

enclosure surface. A construction has equivalent reinforcement when it produces a structure that is as
rigid as one built with a frame of angles or channels.

7.3.3.5 With reference to 7.3.3.4 and Table 7.2 and Table 7.3, a construction does not have a supporting
frame when it is:

a) A single sheet with single formed flanges — formed edges;
b) A single sheet that is corrugated or ribbed;
c¢) An enclosure formed or fabricated from sheet metal; or

d) An enclosure surface loosely attached to a frame — for example, by spring clips.
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Table 7.2
Thickness of Carbon Steel or Stainless Steel Enclosures

Without supporting frame?®

With supporting frame or equivalent
reinforcing®

Minimum thickness mm (inch)

Maximum width,” | Maximum length,® | Maximum width,” | Maximum length,
cm (inches) cm (inches) cm (inches) cm (inches) Uncoated Metal coated
10.2 (4.0) Not limited 15.9 (6.25) Not limited 0.51 (0.020)° 0.58 (0.023)4
12.1 (4.75) 14.6 (5.75) 171 (6.75) 21.0 (8.25)
15.2 (6.0) Not limited 24.1 (9.5) Not limited 0.66  (0.026) | 0.74  (0.029)¢
17.8 {6 222 {875} 26-4 £46-6) 348 42-6)
20.3 (8.0) Not limited 30.5 (12.0) Not limited 0.81 (0.032) 0186 (0.034)
22.9 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (12.5) Not limited 49.5 (19.5) Not limited 1.07 (0:042) 114 (0.045)
35.6 (14.0) 457 (18.0) 53.3 (21.0) 63.5 (25.0)
45.7 (18.0) Not limited 68.6 (27.0) Not limited 1.35 (0.053) 1{42 (0.056)
50.8 (20.0) 63.5 (25.0) 73.7 (29.0) 91.4 (36.0)
55.9 (22.0) Not limited 83.8 (33.0) Not limited 1.52 (0.060) 1{60 (0.063)
63.5 (25.0) 78.7 (31.0) 88.9 (35.0) 109.2 (43,0)
63.5 (25.0) Not limited 99.1 (39.0) Not limited 1.70 (0.067) 1{78 (0.070)
73.7 (29.0) 91.4 (36.0) 104.1 (41.0) 129:5 (51.0)
83.8 (33.0) Not limited 129.5 (51.0) Not limited 2.03 (0.080) 2|13 (0.084)
103.4 (38.0) 119.4 (47.0) 137.2 (54.0) 167.6 (66.0)
106.7 (42.0) Not limited 162.6 (64,0) Not limited 2.36 (0.093) 2|46 (0.097)
119.4 (47.0) 149.9 (59.0) 172.7 (68.0) 213.4 (84.0)
132.1 (52.0) Not limited 203.2 (80.0) Not limited 274 (0.108) 2|82 (0.111)
152.4 (60.0) 188.0 (74.0) 21314 (84.0) 261.6 (103.0)
160.0 (63.0) Not limited 246.4 (97.0) Not limited 3.12 (0.123) 3|20 (0.126)
185.4 (73.0) 228.6 (20.0) 261.6 (103.0) 322.6 (127.0)
2See 7.3.3.4 and 7.3.3.5.
® The width |s the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfacps of an
enclosure may have supports,in‘common and be made of a single sheet.
¢ “Not limiteq” applies orly'when the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surfaces not
normally reoved in Use}
9 Sheet sted for.an‘enclosure intended for outdoor use shall not be less than 0.86 mm (0.034 inch) thick when metgl coated and not
less than 0.1 mm«(0.032 inch) thick when uncoated.
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Table 7.3
Thickness of Aluminum, Copper, or Brass Enclosures
Without supporting frame?® With supporting frame or equivalent reinforcing® Minimum
thickness
Maximum width® Maximum length® Maximum width® Maximum length mm
cm (inches) cm (inches) cm (inches) cm (inches) (inches)
7.6 (3.0) Not limited 17.8 (7.0) Not limited 0.58¢
8.9 (3.5) 10.2 (4.0) 21.6 (8.5) 241 (9.5) (0.023)
10.2 (4.0) Not limited 254 (10.0) Not limited 0.74
12.7 (5.0) 15.2 (6.0) 26.7 (10.5) 34.3 (13.5) (0.029)
15.2 (6.0) Not limited 35.6 (14.0) Not limited 0.91
16.5 (6.5) 20.3 (8.0) 38.1 (15.0) 45.7 (18:0) (0.036)
20.3 (8.0) Not limited 48.3 (19.0) Not limited 1.14
241 (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (25.0) (0.045)
30.5 (12.0) Not limited 71.1 (28.0) Not limited 1.47
35.6 (14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0) (0.058)
45.7 (18.0) Not limited 106.7 (42.0) Not limited 1.91
50.8 (20.0) 63.4 (25.0) 114.3 (45.0) 139.7 (55.0) (0.075)
63.4 (25.0) Not limited 152.4 (80-0) Not limited 241
73.7 (29.0) 914 (36.0) 162.6 (64.0) 198.1 (78.0) (0.095)
94.0 (37.0) Not limited 221.0 (87.0) Not limited 3.10
106.7 (42.0) 134.6 (53.0) 236.2 (93.0) 289.6 (114.0) (0.122)
132.1 (52.0) Not limited 312.4 (123.0) Not limited 3.89
152.4 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0) (0.153)
#See 7.3.3]4 and 7.3.3.5.
® The width|is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfages of an
enclosure may have supports in common and be_made of a single sheet.
¢ “Not limitgd” applies only when the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surfaces not
normally removed in use.
94 Sheet cofper, brass, or aluminup-fer-an enclosure intended for outdoor use shall not be less than 0.74 mm (0.02P inch) thick.

7.4 Nonmetallic enclosures

7.4.1 General

7411

\ nenmetallic enclosure shall comply with the requirements for mechanical strengt

nin7.6.

7.4.1.2 Nonmetallic materials used in the construction of enclosures shall have a flammability rating in
accordance with Flammability, Section 18.

7.4.1.3 A nonmetallic enclosure shall comply with the applicable environmental considerations for the
intended use in accordance with 7.7.

7.4.1.4 Enclosures of molded or formed thermoplastic material shall be constructed so that any
shrinkage or distortion of the material over time will not allow for the user to be exposed to hazardous live

parts. Compliance is determined by the Mold Stress Test, Section 66.

7.4.1.5 The minimum thickness of a nonmetallic enclosure shall be such as to comply with the
requirements of 7.4.1.1-7.4.1.4.
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7.4.1.6 A polymeric material enclosure having in any single unbroken section, a projected surface area
greater than 0.93 m? (10 square feet) or a single linear dimension greater than 1.83 m (6 feet) shall have a
flame-spread rating of 200 or less when tested in accordance with:

a) Annex A, Ref. No. 12, or

b) Annex A, Ref. No. 13.
7.4.2 Electrical properties

7.4.2.1 A polymeric material used for enclosures of live parts shall comply with Table 7.4.

7.4.2.2 A polymeric material which encloses insulated live parts where the insulation thickrless is greater
than 0.071 mm (0.028 inch), need not comply with the HWI requirements listed in Table % 4.

7.4.2.3 A polymeric material used in an enclosure that is separated through @it’by moref than 0.8 mm
(1/32 inchf) from uninsulated live parts and more than 12.7 mm (1/2 inch)+ffom arcing pprts need not
comply with the requirements in 7.4.2.1.

Table 7.4
Comparative Tracking Index (CTI) Hot Wire Ignition (HWI)-and High-Current Arc Resdistance to

Ignition (HAI) Ratings of Insulating Materials

CTI HWIP HAIf
Flammability Voltage (V) PLC Mean.ignition PLC Mean no. of arcp PLC
classifi¢ation® ¢ time (sec)
V-0, YTM-0 175 to 249 3 7 and up to 15 4 15 and up to 30 3
V-1, YTM-1 175 to 249 3 15 and up to 30 3 30 and up to 60 2
@ Flammability Classification — described in Annex A,"Ref. No. 15.
® Hot Wire J(esistance to Ignition — described.in Anhex A, Ref. No. 14.

¢ High-Current Arc Resistance to Ignition —described in Annex A, Ref. No. 14.

9 A material| rated 5VA or 5VB which also carries a V-0 rating shall apply the values for a V-0 rating. A material rated 5VA or 5VB
with no addjtional V-0 rating shall apply:the values for a V-1 rating.

7.4.3 Thermal properties

7.4.3.1 Hxcept as-indicated in 7.4.3.2, a polymeric material used for the enclosure of live parts shall have
a relative fthermal index rating higher than the temperature observed on that polymeric pprt during the
Temperatyre Test, Section 49, for the specific application of the insulating material.

7.4.3.2 This requirement does not apply to epoxy potting materials.
7.5 Openings in enclosures
7.5.1 General

7.5.1.1 The enclosure of a device shall be designed and constructed to reduce the risk of emission of
flame, molten metal, flaming or glowing particles, or flaming drops.

7.5.1.2 Enclosures, regardless of the materials, shall not be provided with ventilation openings unless
designated as Type 1 or Type 2 enclosures.
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7.5.2 Enclosure top ventilation openings

7.5.2.1 Except as indicated in 7.5.2.2, the minor dimension — see 7.5.2.3 — of any ventilation opening in
the top of an enclosure directly over an uninsulated live part involving a risk of electric shock shall not
exceed 4.8 mm (3/16 inch) unless the configuration is such that the risk of direct vertical entry of a falling
object to uninsulated live parts is reduced by means of a trap or restriction. See Figure 7.1 for examples of
top surface ventilation openings that reduce the risk of direct entry.

7.5.2.2 The 4.8 mm (3/16 inch) limitation specified in 7.5.2.1 does not apply for ventilation openings
located 1.8 m (6 feet) or higher from the floor, when the device is installed in accordance with the
manufacturer’s instructions. Such ventilation openings shall comply with the accessibility requirements in
Protectiogoftdsers=Accessibitity arnd-User-Servicing;-Section &:

7.5.2.3 ith reference to the requirement in 7.5.2.1, the minor dimension of a ventilation jopening is the
diameter of the largest cylindrical probe that is capable of being inserted through the opening.

Figure 7.1

Cross Section of Top Opening Designs

—

SLANTED OPENINGS

— M-
B -

EC500 VERTICAL OPENINGS

7.5.3 Enclosure side ventilation openings

7.5.3.1 The ventilation openings on the sides of an enclosure shall comply with one of the following:
a) They shall not exceed 4.8 mm (3/16 inch) in any dimension;
b) They shall not exceed 1 mm (0.04 inch) in width regardless of length;

c) They shall be provided with louvers that are shaped to deflect outwards an external vertically
falling object — see Figure 7.2; or
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d) They shall be so located that an object, upon entering the enclosure, is unlikely to fall on
uninsulated live parts involving a risk of fire or electric shock — see 7.5.3.2.

7.5.3.2 Where a portion of the side of the enclosure falls within the area as traced out by the 5° angle in
Figure 7.3, the limitations for bottom ventilation openings shall apply to that portion of the side.

Figure 7.2

Examples of Louver Designs
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Figure 7.3

Cross Section of Side Opening Designs

S3162A

A — Enclosure side opening

B — Vertical projection of the outer edges of the side opening

C —Inclined lines that project as a 5° angle from the edges of the side opening to points located E distance from B
D — Line which is projected straight downward in the same plane as the enclosure side wall

E — Projection of the opening (not to be greater than L)

L — Maximum dimension of the enclosure side opening

V — Volume in which bare parts at hazardous voltage are not located


https://ulnorm.com/api/?name=UL 2594 2022.pdf

NMX-J-677-ANCE-2022 ¢+ CSA C22.2 No. 280:22 ¢ UL
24 2594 DECEMBER 15, 2022

7.5.4 Enclosure bottom ventilation openings

7.5.41 Except as indicated in 7.5.4.2 — 7.5.4.4, the requirement in 7.5.1.1 requires a complete
noncombustible bottom or a construction employing individual noncombustible barriers under
components, groups of components, or assemblies, as specified in Figure 7.4.

7.5.4.2 \Ventilation openings in the bottom panel are allowed when noncombustible baffle plates are
provided to reduce the risk of materials from falling directly from the interior of the device onto the
supporting surface or any other location under the device. An example of such a baffle is illustrated in

Figure 7.5.

7.5.4.3 \Jenfilation openings In the boftom oOf an enclosure are also allowed when fthe openings
incorporate a perforated metal plate as described in Table 7.5, or a galvanized or stainles$ steel screen
having a 4 by 2 mesh per millimeter (14 by 14 mesh per inch) constructed of wire with)a dlameter of 0.4
mm (0.01§ inch) minimum.

7.5.4.4 BRroducts intended to be mounted on a noncombustible surface! )where the ngncombustible
surface cgmpletes the enclosure, are not required to comply with 7.5.4.1 when marked in acfordance with
74.22.
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Figure 7.4

Enclosure Bottom
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A — Region to be shielded by barrier. This consists of the entire component when it is not otherwise shielded, and of the unshielded
portion of a component which is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C — Inclined line which traces out minimum area of barrier. When moving, the line is always: (1) tangent to the component, (2) 5° from
the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

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

inclined line C and the horizontal plane of the barrier.
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Figure 7.5

Example of a Bottom-Enclosure Baffle

2X but not less
than 25 mm

|

Baffle plates (may be above

N below bottom of fire enclosure)

< | —

f | | | | | | | |
Bottom of fire enclosure M
SBO8HSA
Table 7.5
Perforated Metal Plates for Enclostire Bottom
Minimum thickness, Maximum diameter of holes, Minimum spacings of holes center to center,
mm (inch) mm (inch) mm inch)
0.66 (0.026) 1.14 (0.045) 1.70 0.067)
645 mm? (233 hdles per inch?)
0.66 (0.026) 1.19 (0.047) 2.36 0.093)
0.76 (0.030) 1.14 (0.045) 1.70 0.067)
0.76 0.030) 1.19 (0.047) 2.36 0.093)
0.81 (0.032) 1:91 (0.075) 3.18 0.125)
645 mm? (72 holes per inch?)
0.89 (0.035) 1.90 (0.075) 3.18 0.125)
0.91 (0.036) 1.60 (0.063) 2.77 0.109)
0.91 (0:036) 1.98 (0.078) 3.18 0.125)
0.99 (0.039) 1.60 (0.063) 2.77 0.109)
0.99 (0.039) 2.00 (0.079) 3.00 0.118)

7.5.5 Openings for wiring

7.5.5.1 The requirements described in 7.5.5.2 — 7.5.5.11 apply to permanently connected units.

7.5.5.2 Enclosures shall be designed for use with appropriate conductor entry provisions to maintain the
specified environmental capability of the particular enclosure type being evaluated.

7.5.5.3 When threads for the connection of conduit are tapped all the way through a hole in an enclosure
wall or when an equivalent construction is employed, there shall not be less than three nor more than five
threads in the metal, and the construction of the enclosure shall be such that a conduit bushing is capable
of being attached as intended. When threads for the connection of conduit are not tapped all the way
through a hole in an enclosure wall, conduit hub, or similar material there shall not be less than 3-1/2
threads in the metal and there shall be a smooth, rounded inlet hole for the conductors equivalent to that
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provided by a standard conduit bushing with an internal diameter the same as that of the corresponding
trade size of rigid conduit.

7.5.5.4 Clamps and fasteners for the attachment of conduit, electrical metallic tubing, armored cable,
nonmetallic flexible tubing, nonmetallic-sheathed cable, service cable, and similar material that are
supplied as a part of an enclosure shall comply with Annex A, Ref. No. 16 and No. 17.

7.5.5.5 A knockout in a sheet-metal enclosure shall be secured and shall be removable without undue
deformation of the enclosure.

7.5.5.6 A knockout shall be provided with a flat surrounding surface so that the conduit bushing is
capable df being seated as intended, and shall be Tocated so that installation of a bushing.al any knockout
to be useg during installation does not result in spacing between an uninsulated live part afpd the bushing
to be less|than that specified in Spacings, Section 22.

7.5.5.7 Knockouts shall not be provided in a Type 12 enclosure.

7.5.5.8 In measuring a spacing between an uninsulated live part and a bushing installed infa knockout as
mentioned in 7.5.5.6, it shall be assumed that a bushing having the dimensions specified in|Table 7.6 is in
place, in gonjunction with a single locknut installed on the outside of the enclosure.

7.5.5.9 [or an enclosure not provided with conduit openings or knockouts, spacings not less than the
minimum | specified in Spacings, Section 22, shall be provided between uninsulated live parts and a
conduit buishing installed at any location that shall be used“during installation. Permanent marking on the
enclosurg, a template, or a drawing furnished with the’device are ways to specify such g location. The
specified |location of the openings shall be such, that damage to internal parts does ngt result when
openings jare made.

Table 7.6
Knockout or Hole Sizes and Dimensions Of Bushings

Metr|c designator Bushing dimensions
(Trade size) Knockout or hole diameter Overall diameter Height

mm (inches) mm (inches) mm (inches) mm (inches)
16 (1/2) 222 (7/8) 254 (1) 9.5 (3/8)
21 (314) 27.8 (1-3/32) 31.4 (1-15/64) 10.7 (27/64)
27 1 34.5 (1-23/64) 40.5 (1-19/32) 13.1 (33/64)
35 (1-1/4) 43.7 (1-23/32) 49.2 (1-15/16) 14.3 (9/16)
a1 (1-172) 50.0 (1-31/32) 56.0 (2-13/64) 15.10 (19/32)
53 @) 62.7 (2-15/32) 68.7 (2-45/64) 15.9 (5/8)
63 (2-1/2) 76.2 3) 81.8 (3-7/32) 19.1 (3/4)
78 3) 92.1 (3-5/8) 98.4 (3-7/8) 20.6 (13/16)

7.5.5.10 With respect to the requirement in 7.5.5.9, means shall be provided so that an opening for
conduit is capable of being made without subjecting internal parts to contamination resulting from the
presence of metallic particles. Compliance with this requirement is possible by the use of a removable,
bolted plate.

7.5.5.11 A polymeric- or metal-closure plug for an unused conduit opening shall comply with the
requirements in Annex A, Ref. No. 16, and shall maintain the specified environmental capability of the
enclosure in accordance with 7.5.5.2.
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7.5.6 Drainage openings

7.5.6.1 Type 2 and 3R enclosures shall have provisions for drainage. Drainage openings shall not be
less than 3.2 mm in diameter (1/8 inch in diameter) or more than 6.4 mm in diameter (1/4 inch in diameter),
unless baffled or provided with a drainage fitting.

7.5.6.2 For Type 2 and 3R enclosures that also meet the requirements of other enclosure types, the
drainage openings shall be closed by a removable plug, and instructions shall be provided in accordance
with 78.5.

7.5.6.3 Type 2 and 3R enclosures that also meet the requirements of other enclosure types need not
have drairfage holes 1f the enclosure 1s provided with Instructions In accordance with 738.6.

7.5.7 Openings for mounting

7.5.7.1 Any openings provided for mounting shall be external to the enclosure,cavity or sha
7.5.7.2-175.7.4.

Il comply with

7.5.7.2 Inh accordance with 7.5.7.1, for enclosure types 3, 3S, 4, 4X, 65 6P, 12, 12K, and 13| the mounting

means md
bracket ar
then rely ¢
not have
structure.

7.5.7.3 H
cavity if th

7574 N
enclosure
environme

y pass through the enclosure wall into the enclosure cavity if it attaches to ar
d is shown to comply with the Additional Environmental Tests, Section 67. The
n separate mounting hardware to attach it to the bdildihg structure. The mountin
he same mounting hardware pass through the device cavity and attach directly

or enclosure types 1, 2, 3R, and 5, mounting means may be provided internal to t
b mounting openings comply with Tables727.

mounting openings other than.‘as noted in Table 7.7 are provided for Type 1
5, the installation instructions!-provided with the device shall indicate how to
ntal integrity of the enclosure:when mounted. See 77 4.

Table 7.7
Enclosure-Mounting Holes

intermediate
bracket shall
j means shall
o0 the building

he equipment

,2, 3R, or5
maintain the

Minimum
of
mrj

inear dimension Maximum
pnclosure

h (inches)

Area of largest surface of
enclosure,
mm? (square inches)

Maximum number of holes
mm? (squ

total area of

hdles,

jare inches)

178\(%) 20, 600 (32) 4 774

(1.2)

6 774

57(18)
1020 (40)
Over 1020 (40)

87000135y
254,000 (1,000)
Over 254,000 (1,000)

(1.2)
970 (1.5)
1,290 (2.0)

7.5.8 Glass covered openings

7.5.8.1 Glass covering an opening shall be secured in place so that it is not readily displaced in service,
and shall provide mechanical protection for the enclosed parts. Glass for an opening not more than 102
mm (4 inches) in any dimension shall not be less than 1.6 mm (1/16 inch) thick, and glass for an opening
not more than 929 cm? (144 square inches) in area and having no dimension greater than 305 mm (12
inches) shall not be less than 3.2 mm (1/8 inch) thick. Glass used to cover an area larger than specified
above shall not be less than 3.2 mm (1/8 inch) thick and shall:
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a) Be of a nonshattering or tempered type that, when broken, complies with Annex A, Ref. No. 18;

or

b)

7.6 Mec

Be subjected to the test described in Section 61.

hanical strength of enclosures

7.6.1 An enclosure, whether metallic or nonmetallic, shall comply with the applicable strength of
enclosure tests, including the Impact Test, Section 57, Vehicle Drive Over Test, Section 58, and Drop Test,
Section 59. See Section 39.

7.7 Eny|

7.71 Al
rating shg

7.7.2 Al
in accord

nonmetal

7.7.3 Al
for outdog

7.7.4 Fqg
shallbe s

775 Al
for use ou

776 A
requiremg

8 Prote

8.1 General

8.1.1 TH
service p4

| o .

enclosures shall be rated for one of the enclosure types in Annex A, Ref. No.)19.
Il be appropriate for the intended conditions of use.

enclosures shall comply with the applicable test requirements for(the“applicable
bnce with Annex A, Ref. No. 19. In addition, the requirements.in 7.7.3 — 7.7.5
ic enclosures or metallic enclosures with coatings that require test.

nonmetallic enclosures, or metallic enclosures with ceatings that require test, tha
r use shall comply with the UV Exposure Test in Annéx‘A, Ref. No. 20.

r EV cord sets, all nonmetallic enclosures, or metallic enclosures with coatings th
Libjected to the Chemical Exposure Test, 67.4%

nonmetallic enclosures, or metallic epclosures with coatings that require test, thg
tdoors, shall be subjected to the Water Exposure Test, 67.2.

jasket that is provided on an enclosure to meet the environmental construction an
nts for that enclosure type'shall comply with the Gasket tests in Annex A, Ref. No.

ction of Users — Accessibility and User Servicing

e requirements in this section apply to parts that are accessible to the user. Fo
rsonnelrequirements, refer to Protection of Service Personnel, Section 32.

8.2 Accessibility

'The enclosure

bnclosure type
shall apply to

t are intended

at require test,

t are intended

d performance
19.

r protection of

8.2.1 To reduce the risk of unintentional contact that results in electric shock from an uninsulated live part
or film-coated wire, an opening in an enclosure shall comply with either:

a) For an opening that has a minor dimension less than 25.4 mm (1 inch), such a part or wire shall

no

t be contacted by the probe illustrated in Figure 8.1, or

b) For an opening that has a minor dimension of 25.4 mm (1 inch) or more, such a part or wire shall

be

spaced from the opening as specified in Table 8.1.
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Table 8.1
Minimum Required Distance From an Opening to a Part That Involves a Risk Of Electric Shock

Minor dimension of openinga'b Minimum distance from opening to part®

mm (inches) mm (inches)

25.4 (1 165.0 (6-1/2)

31.8 (1-1/4) 190.0 (7-1/2)

38.1 (1-1/2) 318.0 (12-1/2)

47.6 (1-7/8) 394.0 (15-1/2)

54.0 (2-1/8) 444.0 (17-1/2)
c 762.0 ($0)

#See8.24
® Between 19.1 and 54 mm (3/4 and 2-1/8 inches), interpolation is to be used to determine a value between Values|specified in the
table.
¢ More than[54 mm (2-1/8 inches), and not more than 152.0 mm (6 inches).
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Figure 8.1
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8.2.2 The probe specified in 8.2.1 and illustrated in Figure 8.1 shall be applied to any accessible depth of
the opening and shall be rotated or angled before, during, and after insertion through the opening to any
position that is required to examine the enclosure. The probe illustrated in Figure 8.1 shall be applied in
any possible configuration; and, where required, the configuration shall be changed after insertion through
the opening.

8.2.3 The probe mentioned in 8.2.2 shall be used as a measuring instrument to judge the accessibility
provided by an opening, and not as an instrument to judge the strength of a material; it shall be applied
with a maximum force of 4.4 N (1 pound).

8.2.4 With reference to the requirement in 8.2.1, the minor dimension of an opening is the diameter of
the largesf{cytmdricatprobethatistapabte of beingmserted-through theopeming:

8.2.5 Dufing the examination of a unit to determine whether it complies with the requirement in 8.2.1, a
part of the|enclosure that is capable of being opened or removed by the user witheut'dsing a tool shall be
opened o1l removed. A fastener, such as a slotted-head thumb screw, that is fushed by hand, does not
require thg use of a tool.

8.3 Userservicing

8.3.1 Seyfvice functions that are intended to be carried out by~the user, in accordance with the User
Maintenarjce Instructions, Section 79, shall comply with the reqUirements in 8.3.2 and 8.3.3.

8.3.2 The user shall not have access to any circuits ori\uninsulated parts that exceed the limits for an
LVLE circyit. If the user is intended to access circuits.or'parts of the device above these limitg, an interlock
system shall be provided that will completely remove the hazard prior to the user accessing the area.

8.3.3 Any user servicing that is intended to bg performed shall not require the use of a tool|to access the
area wherg the servicing is to be performed) unless the tool is specified and that tool canrfot be used to
access any other area of the device.

9 Protegtion Against Electric Shock
9.1 Geng¢ral

9.1.1 The user shalltbe protected against the risk of electric shock. All accessible circuitg shall have a
potential t¢ earth net€xceeding 42.4 V peak or 60 V dc.

9.1.2 In Tddition to the requirement in 9.1.1, the requirements in 9.2 and 9.3 also apply.

9.2 Personnel protection systems

9.2.1 Electric vehicle supply equipment, with the exclusion of EV Power Outlets, shall be provided with a
personnel protection system. The personnel protection system shall comply with the requirements in
Annex A, Ref. No. 21 and Annex A, Ref. No. 22.

9.2.2 The personnel protection system shall be protected by enclosing the components in an enclosure
in accordance with Frame and Enclosure, Section 7.

9.2.3 The interrupting device provided as part of the personnel protection system in fixed in place EVSE
can be located in any location. The interrupting device provided as part of the personnel protection system
in cord connected EVSE is required to be located at the attachment plug or not more than indicated in (a)
and (b) from the attachment plug:
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a)
b)

c)

For Mexico, 300 mm (12 inches) for all products.
For Canada, 1.8 m (6 feet) for all products.
For the US:

1) 300 mm (12 inches) for all portable EV Cord Sets; and

2) 1.8 m (6 feet) for fastened in place, cord connected EV Supply Equipment where the

EVSE is mounted on a wall or ceiling with the cord managed so it cannot co
See Installation Instructions, Section 77.

ntact the floor.

9.3 Stofed energy on capacitors

9.3.1 Fdg
energy of

from the feceptacle, stored charge on the capacitors can be discharged throughithe user i

the attach
with the C
test is not
10 Corr

10.1  All
No. 19.

11

11.1 Lodg
risk of fire|

11.2 Screws with lock washers applied as intended, screws tightened by means of a pow

and stake

11.3 The construction of staked and upset screws shall consist of an interference fit betwe]

bolt resul
applied tg

11.4 Ex
shock, or

Mechanical Assembly

r cord connected products that contain filtering capacitors or other primary-capacit
the capacitors shall not constitute a hazard to the user. When the attachment pl

ment plug are contacted. The stored charge shall dissipate within) one second,
apacitor Discharge Test, Section 50. If the total capacitance is-«hot greater than 0
necessary.

psion Protection Against Electric Shock

enclosures shall be provided with the applicable}¢orrosion protection outlined in

sening of parts as a result of handling and intended operation of the device shall

a risk of electric shock, or a risk«@Pinjury to persons.

d and upset screws are.considered to comply without further evaluation. See 11.3.

ing in uneasy turning of the screw. This shall be accomplished by the use of 3

the end of a:bolt after assembly, mismatching of the nut and bolt threads, or the eq

ept asnindicated in 11.5, a rotating part that, when loosened, results in a risk

means that hold the rotating part in place.

injory,to persons shall be assembled so that the direction of the rotation tends

ors, the stored
ug is removed
f the blades of
in accordance
1 UF, then this

Annex A, Ref.

not result in a

er tool, rivets,

en the nut and
center punch
uivalent.

Df fire, electric
to tighten the

11.5 AKkeyed part, a press fit, a part locked in place with a pin, or equivalent means to hold a rotating part
in place is considered to comply with this requirement.

11.6 A switch, fuseholder, attachment plug, or other component that is handled by the operator shall be
mounted securely, and shall not turn when handled. In addition, the connection shall comply with the
requirements in 11.7.

11.7 The means of securing components mentioned in 11.6 shall include more than friction between
surfaces. A lock washer is an example of a means to secure a device having a single hole mounting

means.


https://ulnorm.com/api/?name=UL 2594 2022.pdf

NMX-J-677-ANCE-2022 ¢+ CSA C22.2 No. 280:22 ¢ UL
34 2594 DECEMBER 15, 2022

12 Supply Connections

12.1 Permanently connected devices

12.1.1 General

12.1.1.1 Except as indicated in 12.1.1.2, a permanently connected device shall have provision for
connection of a wiring system. This provision shall consist of either wiring terminals as specified in

12.1.1.4 — 12.1.2.15 or wiring leads as specified in 12.1.1.4 and 12.1.3.1 — 12.1.3.6 and a means for
connection of cable or conduit as specified in 12.2.1.

In Canadd, a supply cord may be provided subject to acceptance by the Authority Having Jurisdiction, if
the power| supply is marked in accordance with 72.18. In Mexico and the United States/|this does not

apply.

12.1.1.2 [The requirements described in 12.1.1.4 — 12.1.3.6 do not apply to the’means for|connection to
accessiblg signal circuits.

12.1.1.3 [The requirement in 12.1.1.1 applies to the wiring connection means for alternatirjg current and
direct current power circuits of a device. These connections are intended to be made in the field when the
device is installed.

12.1.1.4 |A wiring terminal or lead shall be used for the connection of a conductor having an ampacity
based on Annex A, Ref. No. 69.

12.1.2 Wiring terminals

12.1.2.1 |A wiring terminal shall comply with the requirements in Annex A, Ref. No. 23 for @& wire of each
metal for Which it is marked. See 72.12.

12.1.2.2 [Except as indicated in 12:1:2.3 — 12.1.2.4, a wiring terminal shall be provided wjth a pressure
terminal cpnnector of other than the crimping type and the terminal shall be securely fastemed in place —
for example, firmly bolted or heldby a screw.

12.1.2.3 |A pressure terminal connector, including a crimping type, may be field installed in accordance
with 12.1.2.7.

12.1.2.4 |A wire-binding screw may be employed at a wiring terminal intended for conngction of a 10
AWG (5.3|mm?).or smaller conductor where upturned lugs, a cupped washer, or the equivalgnt is provided
to hold thelwire in pasition

12.1.2.5 Except as indicated in 12.1.2.6, a wiring terminal shall be prevented from turning or shifting in
position by a means other than friction between surfaces. This shall be accomplished by two screws or
rivets; by square shoulders or mortises; by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into an adjacent part; or by an equivalent method.

12.1.2.6 A pressure terminal connector of the type that secures the wire by crimping and used in
accordance with the requirements in 12.1.2.7 may turn when the least spacing between adjacent terminals
and also between terminals and dead metal parts complies with Spacings, Section 22, for when
connectors are oriented in such a position that results in these spacings.

12.1.2.7 As allowed per 12.1.2.2 and 12.1.2.5, a pressure terminal connector is not required to be
provided when the conditions in (a) — (e) are complied with:
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a) One or more component terminal assemblies shall be available from the device manufacturer or
others, and they shall be specified in the instruction manual. See 76.3(f).

b) The fastening hardware such as a stud, nut, bolt, spring, or flat washer, or similar part is
mounted on or separately packaged with the device, or specified in the instruction manual.

c) The installation of the terminal assembly shall not involve the loosening or disassembly of parts
other than a cover or other part giving access to the terminal location. The means for securing the
terminal connector shall be readily accessible for tightening before and after installation of
conductors.

d) Where the pressure terminal connector provided in a terminal assembly requires the use of other

th@n an ordinary tool Tor securing the conductor, the tool and any required Instruction

s for using the

togl shall be included with the device. See 76.3(h).

e)|Installation of the pressure terminal connector in the intended manner, shall resplt in a device

complying with the requirements of this Standard.
12.1.2.8 | An insulating base for support of a pressure terminal connector shall be supjected to the
Strength ¢f Terminal Insulating Base and Support Test, Section 60.
12.1.2.9 | Except as indicated in 12.1.2.10, a wire binding screw at a field wiring terminal shall not be
smaller than No. 10 (4.8 mm diameter).
12.1.2.10] A No. 8 (4.2 mm diameter) screw being used @at.a terminal intended only for the gonnection of a
14 AWG (2.1 mm?) conductor, or a No. 8 or 6 (4.2 mm.6t,3.5 mm diameter) screw being usdd at a terminal
intended for connection of a 16 or 18 AWG (1.3 or 0.82 mmz) control circuit conductor, is allgwed.
12.1.2.11| A wire binding screw shall thread into ' metal.
12.1.2.12| Except as indicated in 12.1.2.13, a terminal plate tapped for a wire binding scifew shall be of
metal notjless than 1.27 mm (0.050 inch) thick.
12.1.2.13| A terminal plate le§s than 1.27 mm (0.050 inch) thick may be used in a low \oltage, limited
energy cifcuit when the tapped threads withstand the tightening torque specified in Table 12.1 without
stripping.

Table 12.1
Tightening Torque for Wire-Binding Screws
Size of terminat Wire-sizes-to-be-tested-2 Fightening torque
ns:rfh‘::’r mm? AWG Newton meters | (Pound-inches)

6 1.31-0.824 (ST) 16 — 18 (ST) 1.4 (12)

8 2.08 (S)and 1.31—0.824 (ST) 14 (S)and 16 — 18 (ST) 1.8 (16)

10 5.26-2.08 (S)and 1.31-0.824 (ST) | 10—14(S)and 16 — 18 (ST) 23 (20)

@ ST — stranded wire; S — solid wire.

12.1.2.14 There shall be two or more full threads in the metal of a terminal plate. When the metal is
extruded at the tapped hole, at least two full threads shall be provided.

12.1.2.15 A terminal for connection of a grounded conductor of an alternating current power circuit shall
be identified as described in 72.14.
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12.1.3 Field wiring leads

12.1.31

12.1.3.2

12.1.3.3

12.1.34

A field wiring lead shall be rated for the voltage and temperature involved in normal use.

A field wiring lead shall be sized appropriately for the rated current anticipated in normal use.

A field wiring lead shall be subjected to the test specified in 54.2.4.

A field wiring lead provided for connection to an external line voltage circuit

shall not be

connected to a wire binding screw or pressure terminal connector located in the same compartment as the
free end of the wiring lead unless the screw or connector is rendered unusable for field wiring connection
or the leadl is insulated at the unconnected end, and a marking is provided on the device

with 72.15

12.1.35

[The free end of a field wiring terminal that is not used in every installatien, such

multivoltage transformer, shall be insulated.

12.1.3.6 |A field wiring lead for connection of a grounded conductor shall’be identified ag
72.14.

12.1.4 Wiring compartments

12.1.4.1 |A wiring compartment on a fixed device shall be located so that wire connectio
accessiblg for inspection, without disturbing either factory or field connected wiring, after
installed ir] the intended manner.

12.1.4.2 |Wiring compartments, raceways, or.(similar devices for routing and stowage
connected in the field shall not contain rough, sharp, or moving parts that are capable
conductor|insulation.

12.1.5 Openings for conduit or cable connection

n accordance

as a tap for a

described in

ns therein are

the device is

bf conductors

of damaging

mply with the

12.1.5.1 [For a permanentlysconnected device, openings for wiring and conduit shall co
requiremehts specified in Z.5.5.

12.1.6 Wire bendingspace

12.1.6.1 [In Mexieo and the United States, a permanently connected device employing pre
connectors for\field connection of circuits described in 12.1.1.3 shall be provided with sp
enclosure fied— i } } f

conductors that are employed in the installation.

In Canada, wire bending space shall comply with the requirements in Annex A, Ref. No. 24.

ssure terminal
ce within the

12.1.6.2 The conductor size used in judging the wiring space shall be based on the use of a conductor
sized in accordance with 12.1.1.4.

12.1.6.3 Wire bending space for field installed conductors shall be provided opposite any pressure wire
connector as specified in 12.1.6.4 or 12.1.6.5 and opening or knockout for a wireway or conduit in a gutter
as specified in 12.1.6.9.
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12.1.6.4 When a conductor is capable of entering or leaving the enclosure surface opposite its wire
connector, the wire bending space shall be as specified in Table 12.2. A wire is capable of entering or
leaving a top, back, bottom, or side surface when there is an opening for conduit or a wireway.

12.1.6.5 Where a conductor is not capable of entering or leaving the enclosure surface opposite its wire
connector, the wire bending space shall be as specified in Table 12.3. The wire bending space is in
accordance with Table 12.3 when a barrier is provided between the connector and the opening, or
drawings are provided specifying that the conductors are not to enter or leave the enclosure directly
opposite the wire connector. See illustrations A, B, and C of Figure 12.1.

Minimurh Wire-Bending Space for Conducto-ll-':qll'ﬁ::uZh a Wall Opposite Terminalscinmm (inches)
Wirel size Wires per terminal (pole)®
AWG or mm? 1 2 3 4 or more
kcmil
14-10
AWG 21-53 Not Specified - AN —
8 8.4 38.1 (1-1/2) - - -
6 13.3 50.8 2) - - -
4 21.1 76.2 (3) - - -
3 26.7 76.2 (3) - - -
2 33.6 88.9 (3-1/2) - - -
1 42.4 114 (4-1/2) - - -
0 53.5 140 (5-1/2) | 140 179 () -
2/0 67.4 152 (6) 152 191 (7-112) -
3/0 85.0 165 (6-1/2) | 165 127 (6-1/2) | 203 (8) -
4/0 107 179 (7) 191 381 (7-172) | 216 127 (8-112) -

250 kemil 127 216 (8-1/2»| 216 508 (81/2)| 220 254 9) 254 (10)
300 152 254 (10) 254 50.8 (10) 279 254 (1) 305 (12)
350 177 305 (12) 305 762 (12) 330 762 (13) 355 | 508  (14)
400 203 330 (13) 330 762 @ (13) 355 762 (14) 381 762  (15)
500 253 355 (14) 355 762  (14) 381 762  (15) | 406 | 762  (16)
600 304 381 (15) | 406 762  (16) 457 762  (18) | 483 | 762  (19)
700 355 406 (16) 457 76.2 (18) 508 76.2 (20) 559 76.2 (22)
750 380 432 (7) 483 76.2 (19) 559 76.2 (22) 610 76.2 (24)
800 405 457 (18] 508 (20) 559 22) 610 (24)
900 456 483 (19) 559 (22) 610 (24) 610 (24)
1000 507 508 (20) - - -

1250 633 559 (22) - - -
1500 760 610 (24) - - -
1750 886 610 (24) - - -
2000 1013 610 (24) - - -

Table 12.2 Continued on Next Page
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Table 12.2 Continued

Wire size Wires per terminal (pole)®

AWG or mm? 1 2 3 4 or more
kemil

Note — The table includes only those multiple-conductor combinations that are used. Combinations not specified shall be further
evaluated.

@ Wire bending space is not prohibited from being reduced by the number of inches shown in brackets under the following
conditions:

1) Only removable or lay-in wire connectors receiving one wire each are used (more than one removable wire connector
per terminal is possible) and

2) The removable wire connectors are removed from their intended location without disturbing structuraljof electrical parts
other than a cover, and are installed with the conductor in place.

12.1.6.6 |When a conductor is restricted by a barrier or other means from beingybént wherg it leaves the
connector) the distance shall be measured from the end of the barrier. See illustration D of Figure 12.1.

Table 12.3
Minimum Width of Gutter and Wire-Bending Space for Conductors Through a Wall Not Opposite

Terminals in mm (inches)

Wire size Wires per terminal (pole)
AWG or kcinil | mm? 1 2 3 4 5
Not

14 — 10 AWG 21-53 Specified - z - - -

8-6 8.4-13.3 38.1 (1-1/2) - - - -

4-3 21.1-26.7 50.8 (2) - - - -

2 33.6 63.5 (2-112) - - - -

1 424 76.2 (3) - - - -

1/0 — 2/ 535-7.4 88.9 (8-172) | 127 &) 178 (7) - -

3/0 — 4/( 85.0 — 107 102 4) 152 (6) 203 (8) - -

250 kem|l 127 114 (4-112) | 152 (6) 203 (8) 254 (10) -

300 - 35p 152 - A7%. 127 (5) 203 (8) 254 (10) 305 (12) -
400 — 50D 2034253 152 (6) 203 8 254 (10) 305 (12) 356 (14)
600 — 70p 304/ 355 203 (8) 254 (10) 305 (12) 356 (14) 406 (16)
750 — 90p 380 — 456 203 8 305 (12) | 356 (14) | 406 (16) || 457 (18)

1000 — 1256 567—633 254 10 -

1500 — 2000 760 — 1010 305 (12) - - - -

NOTE - The table includes only those multiple-conductor combinations that are frequently used. Combinations not specified shall
be further evaluated.
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Figure 12.1
Wire Bending Space
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D, is the distance between a wire_connector or an adjacent barrier and the opposite wall that conductors are|intended to pass
through.
D, is the disLance between awire connector or an adjacent barrier and the opposite wall or barrier that conductors gre not intended to
pass through.

D, is the width of a wirting gutter having a side through which conductors are intended to pass through.
@ A conduit gpening,or knockout is provided in the wall opposite the terminal lugs. D4 shall not be less than the minifnum wire bending
space specifiéd in Table 12.2. r

® A conduit opening or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. The wall opposite the
terminal lugs either is not provided with a knockout or conduit opening or a marking is provided indicating that the conduit opening or
knockout is not to be used. D, shall not be less than the minimum wire bending space specified in Table 12.3.

¢ A conduit opening or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. In addition, a conduit
opening or knockout is provided in the wall opposite the terminal lugs, however, a barrier preventing the use of the opening is
provided. D, shall not be less than the minimum wire bending space specified in Table 12.3.

9 When a barrier or other means is provided restricting bending of the conductor, the distance D; or D,, as applicable (see notes for
D, and D, above) shall be measured from the end of the barrier.

¢ A conduit opening or knockout is provided in a wiring gutter. The width of the gutter, D3, shall not be less than the minimum wire
bending space specified in Table 12.3.
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12.1.6.7 For a device not provided with a conduit opening or knockout, the minimum wiring bending
space mentioned in 12.1.6.4 — 12.1.6.6 shall be based on any enclosure wall capable of being used for
installation of the conduit, or only specific walls that are to be used as determined by a marking, drawing,
or template furnished with the device.

12.1.6.8 The distance mentioned in 12.1.6.3 — 12.1.6.5 shall be measured in a straight line from the edge
of the wire terminal closest to the wall in a direction perpendicular to the box wall or barrier. See
illustrations A — C of Figure 12.1. The wire terminal shall be turned so that the axis of the wire opening in
the connector is as close to perpendicular to the wall of the enclosure as it is capable of assuming without
defeating any means provided to prevent turning, such as a boss, shoulder, walls of a recess, multiple
bolts securing the connector, or similar part. A barrier, shoulder, or similar part shall be disregarded where

the eas ramant ic hatna maadA vwhan it Ao At radiinn tha radiic ta vahioh thin vaiea ot
n rerChTo oMt ywCH Tt GoCo o T CauCCTCTat oS tOwWwiCHtrCvwir e oot o

is provided with one or more connectors for the connection of conductors in
hall be measured from the wire opening closest to the wall of the enclosure.(Asvan
hts of 12.1.6.6 may be used.

a terminal

distance s
requireme

12.1.6.9

provided {
size that are used at that knockout. The values of the minimum required”width of a wirir]

respect to

space give

12.1.6.10
that are in

that accor
used in the intended wiring of the device.

12.2 Cornd connected devices

1221 G

12.2.1.1
the alternd

12.2.1.2

serviceabl
the power
from the f4

a)
of

e bent. Where

Except as indicated in 12.1.6.10, the width of a wiring gutter in whieh*ohe or more
hall be large enough to accommodate (with respect to bending) conductors of

conductors entering a knockout, are the same as the values of minimum req
n in Table 12.3. See illustration E of Figure 12.1.

The wiring space is not required to be of this width when knockouts are provid
compliance with these requirements, the wiring space at such other point or point
hmodates the conductors in question, and the Knockout or knockouts at such ot

leneral

For cord connected devices, flexible cords and attachment plugs shall be used for
ting current input circuit.

The cord shall be-type G, SEO, SO, STO, SJEO, SJO, SJTO, or W, or a cord
e. The flexible.power cord shall terminate at the enclosure of the device. The oV
cord shall’'comply with one of the following. The overall length of the power corg
ce of the attachment plug to the point where it enters the enclosure:

/Vhenthe interrupting device of the personnel protection system is located within

multiple, the
alternate, the

knockouts are
the maximum
g gutter, with
Lired bending

ed elsewhere
s is of a width
her points are

connection to

hat is equally
erall length of
is measured

the enclosure

he-device the power cord shall have a length carresponding to the values show

hin 9.2.3 and

the device shall be marked in accordance with 72.17.

b) When the interrupting device of the personnel protection system is located at the attachment
plug, or within the distances required by 9.2.3, the overall cord length shall be a minimum of 1.8 m
(6 feet) and shall be no greater than 4.6 m (15 feet).

12.2.1.3 A flexible power cord shall be rated for a voltage not less than the rated voltage of the
equipment, and shall have a current rating not less than the current rating of the device.

12.2.1.4 The attachment plug of a supply cord shall be of a non-locking type and shall have a current
rating in accordance with 12.2.1.7 and have a voltage rating corresponding to the voltage rating of the
device.
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In Canada, the requirements in 12.2.1.5 and 12.2.1.6 also apply. In Mexico and the United States, these
additional requirements do not apply.

12.2.1.5 A cord connected device having a rating of 208 V, single phase, may be provided with an
attachment plug for a supply cord, or an EV receptacle or EV connector at the output, rated 250 V,
provided that:

a) There is no evidence of a shock or fire hazard when the device is tested based on a 240 V rating
(see 46.1);

b) The supply cord is marked in accordance with 74.23; and

c) [The output EV Receptacle or EV Connector is marked in accordance with 74.24-

12.2.1.6 [ Notwithstanding 12.2.1.5(b), no marking is required on the supply cord if:

a)[The device complies with the requirements of the Leakage Current/Test (Section 46), the Input
Teft (Section 48), and the Temperature Test (Section 49); and

b)| The output value of the device does not exceed its outputrating by more than 10 % while
energized from a 240 V source of supply.

12.2.1.7 [With reference to 12.2.1.3, the current rating of an-attachment plug for the altefnating current
input circyit shall not be less than 125 % of the rated input current of the device.

12.2.1.8 | The attachment plug shall be a grounding typé attachment plug.
12.2.2 Strain relief

12.2.2.1 [ Strain relief shall be provided on(the flexible power cord to reduce the risk of me¢hanical stress
being transmitted to terminals, splices;.or interior wiring. See Pull Strain Relief Test, 54.2| A knot in the
flexible pqwer cord is not consideredan-acceptable form of strain relief.

12.2.2.2 | A metal strain relief ¢lamp or band provided in accordance with 12.2.2.1 shall bg provided with
auxiliary ihsulation over the cord if damage to the cord insulation results when the strain felief tests are
conducted without auxiliary jnsulation.

12.2.2.3 [Means shall-be provided to prevent a flexible power cord from being pushed into the equipment
through the cord.entry hole if such displacement would:

a)[Result in mechanical damage to the cord;

b) Expose the cord to a temperature higher than that for which it is rated; or

¢) Reduce spacings below the acceptable minimum values.

To determine compliance, the flexible power cord shall be tested in accordance with 54.3, Push-Back
Strain Relief Test.

12.2.2.4 Strain relief bushings used for indoor products shall comply with Annex A, Ref. No. 25. Strain
relief bushings used for outdoor products shall comply with the following:

a) The material used to form the strain relief bushing shall have a minimum flammability rating of
HB;
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b) The Relative Thermal Index (RTI) value of the material, for both electrical and mechanical, shall
be higher than the maximum temperature observed on the material during the Temperature Test,

Se

ction 49;

c¢) The strain relief bushing shall be subjected to the Effects of Cyclic Conditions in Annex A, Ref.
No. 20, using the Outdoor Use Application conditions;

d) After the strain relief bushing is subjected to (c), the product with the strain relief bushing
installed as intended shall be subjected to a repeated Strain Relief Test, Section 54;

e) Following the test in (d), the device shall be subjected to the applicable environmental test in
accordance with Annex A, Ref. No. 19;

f) 1

ap

12.23 B

12.2.3.1
enclosure

rounded s

barrier is

indoor ussg

use produ

12.2.3.2

rounded s

12.2.3.3
acceptabl
passes th

12.2.3.4

with the fld

12.3 Dir

12.3.1
connectio
addition, t

A

'he material shall be subjected to Chemical Exposure Tests in accordance,wit
plicable to the product type.

ushings

At the point where the flexible power cord passes through an-opening in a wall,
there shall be a bushing or the equivalent that is secured in¢place, and that has a
urface against which the cord may bear. An insulating bushing shall be provided
f metal, or if the construction is such that the cord could be subjected to strain

products, the bushing shall comply with the requirements in Annex A, Ref. No. 2
cts, the bushing shall comply with 12.2.2.4 (a) — (c)and (e) — (f).

q

A hole in porcelain, phenolic composition, orf/ether non-conducting material, hav
irface, is considered to be equivalent to a bushing.

A bushing of the same material asy"and molded integrally with, a flexible p
¢ if the built up section is not lessythan 1.6 mm (1/16 inch) thick at the point w
rough the enclosure.

At a point of flexure, no additional wires or cables shall be routed through a bushi
xible power cord.

ect plug-in devices

product that-is constructed with a direct plug-in feature shall not be provided witl
to the alternating current source other than the blades provided for the direct plug
e product shall comply with the requirements in 12.3.2 — 12.3.10.

h 67.4 if it is

barrier, or the
smooth, well-

if the wall or
br motion. For
b. For outdoor

ng a smooth,

bwer cord, is
here the cord

ng or opening

h a means for
-in feature. In

|

12.3.2 The mechanical assembly of a direct plug-in device intended for indoor use shall be considered

acceptabl
a)

b)

e if the device:

Complies with the requirements in 12.3.3 — 12.3.10, or

Complies with Annex A, Ref. No. 26.

12.3.3 The integral blade assembly of a direct plug-in device shall comply with the construction
requirements in Annex A, Ref. No. 27. See 12.3.10.

12.3.4 The mechanical assembly of a direct plug-in device intended for outdoor use shall be considered
acceptable if the enclosure complies with the requirements for Additional Environmental Tests, Section 67,
in addition to the requirements in 12.3.2.
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12.3.5 The maximum acceptable moment, center of gravity, dimensions and weight of a direct plug-in
device shall comply with each of the following requirements (see 12.3.6):

a) The quotient of WY/Z shall not exceed 1361 grams (48 ounces);
b) The quotient of WY/S shall not exceed 1361 grams (48 ounces);
¢) The product of WX shall not exceed 0.56 N-m (80 ounce-inches); and

d) The weight of the device shall not exceed 794 grams (28 ounces).

In which:

W(is the weight of the device in grams (ounces);

Y is the distance illustrated in Figure 12.2 in mm (inches);

Z s the lesser of Z, or Z, as illustrated in Figure 12.2 in mm (inches);
S Is the lesser of S; or S, as illustrated in Figure 12.2 in mm (inches);

X Is the greater of X, or X, as illustrated in Figure 12.2 in mm (inches).
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Figure 12.2

Dimensions of Plug
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12.3.6 The values specified in 12.3.5 shall be determined as follows:

a) For devices with no provision for fastening in place, the product shall be tested with and without
the output cord in place. For tests with the output cord in place, four feet of the cord shall be left in
place and added to the weight of the overall device for the purposes of the calculation. For tests
without the output cord in place, the cord shall be cut off at the enclosure, or at the strain relief
means if the strain relief means is outside the enclosure.

b) For devices with directly mounted accessories, the values shall be measured with the
accessories in place.

c) A mounting tab shall not be included in the measurements of the linear dimensions for the
puffpose of determining moments Unless:

1) The tab and enclosure comply with the Drop Test, Section 59, with dng‘impact on the tab
itself, without deformation, and

2) For a polymeric enclosed device having an integral tab, the"tab and eng¢losure do not
distort at temperatures to which the material could be subjected under condifions of normal
and abnormal use as determined by the Mold Stress Test, Section 66.

12.3.7 When inserted in a parallel blade duplex receptacle, no part of a device, including @ mounting tab
or output|wiring, shall interfere with full insertion of an attachment plug or current tap intp the adjacent
receptacl¢ unless it renders the adjacent receptacle completely. unusable. See Figure 12.3.
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Figure 12.3
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12.3.8 Except as indicated in 12.3.9, the enclosure of the direct plug-in device shall be capable of being
gripped for removal from the receptacle to which it is connected, and the perimeter of the face section from
which the blades project shall not be less than 7.9 mm (5/16 inch) from any point on either blade.

12.3.9 For tab mounted devices, the perimeter of the face section may not be less than 6.4 mm (1/4 inch)
from any point on either blade.

12.3.10 With reference to 12.3.8, an extension from the face for mechanical support of the blades shall
not be considered in the measurement provided the extension measures 1 mm (0.04 inch) or less from the
face section of the direct plug-in device. See Figure 12.4.

12.3.11 [n Canada, a device shall not be provided with a means for being fixed In place Yo a receptacle
face. In Mexico and the United States, this does not apply.

Figure 12.4

Extension for Mechanical Support of Blades

Perimeter of
Direct Plug—in

Extension for
Mechanical
Support of

Blodes\\

SM229
13 Output Connections and Wiring
13.1 General

13.1.1  The requirements in 13.1.2 — 13.1.6 apply to the output supply connection means at the EV
supply equipment. In addition, 13.1.2 — 13.1.12 apply to the EV cable or wiring from the EV supply
equipment to the EV connector if provided; and 13.1.13 — 13.1.14 apply to the EV connector if provided.

13.1.2 The EV supply equipment shall be provided with one of the following means at the output:

a) An EV receptacle in accordance with Annex A, Ref. No. 5.
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b) A suitably rated grounding type receptacle in accordance with Annex A, Ref. No. 27.

c) Wire terminals for a permanently connected EV cable. The terminals shall comply with the

req

uirements for wiring terminals in accordance with 12.1.2.

13.1.3 With reference to 13.1.2(c), the permanently connected EV cable shall comply with the strain

relief requi

rements in 13.2 and the requirements for bushings in 13.3.

13.1.4 With reference to 13.1.2(a) and 13.1.2(b), the receptacle shall have a voltage and current rating
corresponding to the rated output of the EV supply equipment.

13.1.5 WithrTeference—to—t3-+2(a),am £V Teceptacte—shatt—edesigned—im—accordgnece  with the
standardized interface outlined in Annex A, Ref. No. 28 or the connection and interface shall be evaluated
based on possible misconnection and shall be marked in accordance with 74.17.

13.1.6 With reference to 13.1.2(a) and 13.1.2(b), the output connection shall be” marked Wwith the rated
voltage and current that is available at that connection. See 72.1(c).

13.1.7 E) cables provided to complete the connection from the EV supply equipment to the vehicle shall
be in accofdance with Annex A, Ref. No. 3.

1318 T

voltage rafing corresponding to the overall output rating of the.EV supply equipment.

1319 T

ne EV cables shall be type EV, EVJ, EVE, EVJE ¢EVA, or EVJT, and shall hay

ne EV cable shall contain conductors that aresuitably sized for the intended outpd

e a minimum

t rating of the

EV supply|equipment.
13.1.10 [Except as indicated in 13.1.11, the overall length of the EV cable shall not exceed 1.5 m (25 feet)
in length. The length is measured from the,point where the cable exits the EV supply equipment enclosure

for permanently connected EV cable, orfrom where the cable exits the EV plug enclosure

partof a c
the point W

13.1.11
excess of
rest on thg

f

13.1.12
EV cable

hble assembly intended to:connect to an EV receptacle located on the EV supply
here it enters the EV connector enclosure on the vehicle side of the EV cable.

7.5 m (25 feet).(The cable management system shall control the cable so that it is
floor or supporting surface after use.

For EVicables intended to connect to an EV receptacle located on the EV supply &
thall terminate in an EV plug on the EV supply equipment side. The EV plug sha

the applicar

ble)requirements in Annex A, Ref. No. 5. The EV plug shall be designed in accorg

if provided as
lequipment, to

EV supply equipment provided with a suitable cable management system may have a cable in

hot allowed to

quipment, the
Il comply with
ance with the

standardized interface outlined in Annex A, Ref. NO. 28 or the connection and interface shal

based on possible misconnection and shall be marked in accordance with 74.17.

be evaluated

13.1.13 For EV cables provided for connection of the vehicle to the EV supply equipment, the EV cable
shall terminate on the vehicle side of the cable in an EV connector. The EV connector shall comply with
the applicable requirements in Annex A, Ref. No. 5. The EV connector shall be designed in accordance
with the standardized interface outlined in Annex A, Ref. No. 28 or the connection and interface shall be
evaluated based on possible misconnection and shall be marked in accordance with 74.17.

13.1.14 EV plugs and EV connectors provided as part of the EV supply equipment shall have a minimum
voltage and current rating corresponding to the output rating of the EV supply equipment involved.

13.1.15 External connections at the output of EV supply equipment or at the vehicle connector shall be
protected by a means that de-energizes the cable conductors and vehicle connector upon exposure to a
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strain that results in a short circuit, separation of the cable from the EV supply equipment or the vehicle
connector, or access to uninsulated hazardous live parts. In addition, there shall be no exposure to live
parts after de-energization occurs. If breakaway couplings are used, they shall comply with Annex A, Ref.
No. 5.

13.1.16 Any connection at the output that is not a power-carrying conductor (a signal wire) shall be
LVLE.

13.2 Strain relief

13.2.1  An EV cable permanently connected to the EV supply equipment, or an EV cable connected to an
EV plug dnone end and an EV connector on the other, shall be provided with a means_of| strain relief in
accordange with EV Cable Secureness Test, Section 55.

13.2.2 A metal strain relief clamp or band provided in accordance with 13.2.1\ shall be| provided with
auxiliary ipsulation over the EV cable if damage to the EV cable insulation results when the strain relief
tests are gonducted without auxiliary insulation.

13.3 Bushings

13.3.1  Where the EV cable passes through a wall or enclosure; whether the enclosure of|the EV supply
equipment or the EV plug or EV connector, a bushing shall_.b€& provided to protect the EV cable. The
bushing shall comply with the requirements in 12.2.3.

14 Equipment Grounding

14.1 The grounding and bonding terms used in, this Standard are in accordance with thg UL column in
Figure 14{1. The corresponding CSA and ANEE terms are also provided for information.
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Figure 14.1
Grounding/Bonding Terms
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14.2 A product shall have provisions for grounding all exposed non-current-carrying conductive parts,
and all internal metal parts that are exposed to contact during servicing, that could become energized
through an electrical fault. A part shall be considered capable of becoming energized if failure of electrical
spacing or insulation or both can result in conductive connection to a current carrying part.

14.3 A dead metal part as described in (a) — (e) need not comply with the requirementin 14.2.
a) A small metal part (such as an adhesive attached foil marking, a screw, or a handle) that is:

1) On the exterior of the enclosure and separated from all electrical components by
grounded metal, or

2) Electrically isolated from all electrical components.

b)|A panel, cover, or other metal part that is isolated from all electrical compongénts, including
wifing, by a barrier of vulcanized fiber, varnished cloth, phenolic compositior, or gther moisture-
resgistant insulating material that is not less than 0.8 mm (1/32 inch) thick @hd is secufed in place.

c)|A panel, cover, or other metal part that does not enclose an uninsulated live ppart and that is
elgctrically isolated from other electrical components.

d){A door or the like that can only become energized through a-grounded part.

e)|A small assembly screw that is positively separated€rom wiring and all uninsulated live parts.

14.4 Exgept as indicated in 14.5, all non-current-carrying conductive parts shall be bondefl together and
connected to the electrical supply equipment grounding’ means in accordance with Bondirlg, Section 15.
The conngction to the electrical supply equipment grounding means is considered the princ|pal equipment
ground cgnductor path and it shall not include a tface on a printed wiring board.

14.5 Prqgducts provided with a ground monitor interrupter as part of the Personnel Protection System in
accordange with Annex A, Ref. No. 21and No. 22 may also have a trace as part of the ground path
provided the ground monitor interrupter-will function correctly if the trace opens under normpl operation or
abnormalloperation.

14.6 Cohnection to the el€ctrical supply equipment grounding means shall be accomplishgd as follows:

a

~

In a product.intended to be permanently connected, to:

1) A khockout or equivalent opening means in a metal enclosure intended tq be connected
to-a metal enclosed wiring system suitable for grounding, or

| 2) The equipment grounding field wiring terminal or lead

b) In a product provided with a flexible power supply cord and an attachment plug, to the equipment
grounding conductor of the flexible power supply cord.

14.7 Except as indicated in 14.8, the equipment grounding connection shall not contain any splices.

14.8 Products provided with a ground monitor interrupter as part of the Personnel Protection System in
accordance with Annex A, Ref. No. 21 and No. 22 may have a splice in the ground path provided the
ground monitor interrupter will function correctly if the spliced connection is lost.

14.9 An equipment grounding connection shall penetrate a nonconductive coating, such as paint or
vitreous enamel.
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14.10 An equipment grounding conductor shall be:

a) If insulated, provided with insulation having an outer surface that is green with or without one or
more yellow stripes, and

b) Of a size acceptable for the application in accordance with Table 14.1, but shall not be required

to be larger than the circuit conductors supplying the equipment.

Table 14.1
Minimum Size of Conductor
Rating of pranch- Size of equipment grounding conductor
circuit over-current- c ab,c Alumi
protective gevice to opper uminugm
which the product Wire Equivalent cross- Wire Equiyalent cross-
is intendgd to be sectional area sectional area
connegted, mm? AWG mm? cmil mm? AWG mm? cmil
Amp
15 2.08 14 2.02 3987 3.31 12 3.21 6334
20 3.31 120 3.21 6334 5.26 10 5.261 10380
30 5.26 10 5.261 10380 8.37 8 8.367 16510
40 5.26 10 5.261 10380 837 8 8.367 16510
60 5.26 10 5.261 10380 8.37 8 8.367 16510
10 8.37 8 8.367 16510 13.3 6 13.30 26240
20 13.3 6 13.30 26240 21.2 4 21.15 41740
30 21.2 4 21.15 414740 33.6 2 33.62 66360
40 26.7 3 26.67 52620 42.4 1 42.41 83690
50 33.6 2 33.62 66360 53.5 1/0 53.41 105600
60 42.4 1 4241 83690 67.4 2/0 67.43 133100
@ In Mexico, [the metric cross-sectional area is mandatory.
® In Canada| the minimum acceptable sizes of grotnding conductors are 14 AWG for 20A rated devices and 12 AWG for 30A rated
devices.
¢ In Canada| the terminals of a device intended to accommodate an 8 AWG or larger conductor shall also be capable of securing a
compact copper stranded construction
14.11  Ar equipment grounding conductor of a power supply cord shall be connected to the grounding

blade of thHe attachment-plug.

1412 Fd
grounding
conductor

r a product provided with a flexible power cord, a stud and nut combination used
conductor to the frame shall be secured to the frame by welding the stud in plac
shall be connected first and be in contact with the frame and secured in place by a dedicated

to secure the
2. The ground

nut and lock washer. Other bonding jumpers may be connected to the stud, but they shall be connected
above the main ground connection and secured by a separate nut and lock washer.

14.13 In a product provided with a flexible power supply cord and an attachment plug, the connection
between the dead metal parts required to be grounded and the equipment grounding conductor shall be
made by a positive means in accordance with 15.1 and 15.3. The connection shall be made by a means
not likely to be removed during ordinary servicing not involving the flexible power supply cord.

14.14 A sheet metal screw shall not be used to connect equipment grounding conductors to enclosures.

14.15 A grounding screw shall engage at least two full threads and shall be used in conjunction with
upturned lugs, a cupped washer, or an equivalent method that is capable of retaining a 5.26 mm? (10
AWG) conductor under the head of the screw.
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14.16 A ferrous metal part in a grounding path shall be protected against corrosion by enameling,
galvanizing, plating, or equivalent means.

14.17 A terminal intended for the connection of an equipment grounding conductor shall be identified by:
a) Use of a wire binding screw with a green colored head that is slotted or hexagonal, or both;
b) Use of a threaded stud with a green colored hexagonal nut;
c) Use of a green colored pressure terminal connector;

d) Being marked “G”, “GR”, “GND”, “Ground”, “Grounding”, or the like;

e)|A marking on a wiring diagram provided on the product; or

f) [The grounding symbol illustrated in Figure 14.2 on or adjacent to the terminal pr on a wiring
diagram provided on the product.

Figure 14.2
Grounding Symbol

15 Bonding

15.1 A donductor, including a strap, jumper, or similar part, that is used only for bonding shall:

a) Be of copper, copper atioy, afurminum, or other materiathat as been mvestigated and found

acceptable for use as an electrical conductor;

b) Be protected from mechanical damage;

c) Not be secured by a removable fastener used for any purpose other than bonding, unless the
bonding conductor is not likely to be omitted after removal and replacement of the fastener; and

d) Have the flexibility needed to withstand mechanical stress due to vibration or flexing during use.

15.2 Metal parts in a bonding path shall be galvanically compatible so as to reduce electrolytic action
between dissimilar metals. The combined electrochemical potential between dissimilar metals which are in
contact shall be less than 0.6 V as determined in accordance with Figure 15.1. Combinations of metals
that fall above the line in the table shall not be used.
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Figure 15.1

Electrochemical Potential
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o 0.0 055 | 0.7 0.8 085 09 1.0 1.05 11 1.6 165 1.7 175 Magnesiym, magnesium alloys
0 0.05 0.2 03 035 04 05 055 06 11 115 1.2 125 Zinc,, ZIng alloys
0 015 025 03 035 045 05 055 1.05 11 1.15 1.2 80 tin/40 Zn on steel,
Zn on irpn or steel
0 01 015 02 03 035 04 09 095 10 105 Aluminiufn
0 0.05 0.1 02 025 03 0.8 085 09/ 0095 Cd on sjeel
Q 005 015 0.2 0.25 075 08 08 09 Al/Mg afloy
[ 0.1 015 02 025 035 045 05 055 Mild stegl
0 005 01 015 025 035 04 045 Duralumih
0 0.05 041 0.2 03 035 0.4 Lead

0 005 0.15 0.25 0.3 0.35 Cr on sfeel, soft solder

Ag = Silver

Al = Aluminium 0 0.1 02 @25 03 045 05 055 0.6 Cr on N| on steel, tin on steel,
Cr = Chromium 12% Cr $tainless steel
Cd = Cadmium 0 0.1%N\0i5 02 035 04 045 05 High Cr [stainless steel
Cu = Copper
M9 = Magnesium ©) 005 01 025 03 035 0.4 Copper. kopper alloys
Rh = Rhodium
Zn = Zinc [} 005 02 025 03 035 Silver sqder,
steel
0 015 02 025 03 Ni on steel
NOTE. — Corrosion due to electrochemical action between dissimilor [¢] 005 01 015 Sliver
metfls which are in contact is minimized if the combined elgctro—
cherhical potential is below about 0.8V. In the following table_the 0 0.05 0.1 Rh on Ag on Cu,
ined electrochemical potentials are listed for a number ‘of pairs silver/adid alloy '
of nhetals in common use; combinations above the dividing line
0 0.05 Carbon

shoyld be avoided.

[ Gold, plqtinum
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15.3 Bonding shall be by a positive means, such as by a clamp, rivet, bolt, screw, welded joint, or a
soldered or brazed joint using materials having a softening or melting point higher than 454 °C (850 °F).
Terminals complying with the applicable requirements in Annex A, Ref. No. 29, are acceptable to connect
bonding conductors in sizes 0.824 — 2.08 mm? (18 — 14 AWG) under the following conditions:

a) For conductor sizes 0.824 — 1.31 mm? (18 — 16 AWG), the minimum connector and tab width
shall be 2.8 mm (0.110 in).

b) For conductor size 2.08 mm? (14 AWG), the minimum connector and tab width shall be 6.4 mm
(0.250 in).

¢) Quick connect tabs shall not be less than 0.8 mm (0.032 in) thick.

15.4 A bonding screw shall engage at least two full threads and shall be used_in) ¢dnjunction with
upturned [lugs, a cupped washer, or an equivalent method that is capable of retaining a|5.26 mm? (10
AWG) conductor under the head of the screw.

15.5 A bonding connection means shall penetrate nonconductive coatings; such as pdint or vitreous
enamel.

15.6 A metal-to-metal hinge-bearing member of a door or cover used’ as a means for bondjng the door or
cover shal be of the multiple bearing pin (piano) type.

15.7 Exgept as indicated in 15.8 and 15.9, in a product. provided with a power supply cord and an
attachment plug:

a)|A copper bonding jumper, including a clamp or strap, shall have a cross-sectiondl area not less
than that of the equipment-grounding conductor of the power supply cord; and

b)|An aluminum bonding jumper, ingcluding a clamp or strap, shall have a cross-sectional area not
legs than that of a conductor two AWG sizes larger than the circuit equipment groungling conductor
of the power supply cord.

15.8 A ¢onductor, including a strap, jumper, or similar part, having a smaller cross-se¢tional area is
acceptable if it complies with-the requirements in the Bonding Conductor Test, Section 62.

15.9 A gonductor, including a strap, jumper, or similar part, for a component or electrical gnclosure need
not be lafger than the“largest conductors supplying power to the component or components adjacent to
the dead metal parts.

15.10 Ekeeptras indicated in 15.11 and 15.12, in a product intended to be permanently connected to the
electrical ‘suppty,a—copperoratuminumbondingjumper,incloding—ctamp—or—strap,—shatthot be smaller
than, or have an equivalent cross-sectional area less than, the size specified in Table 14.1.

15.11 A smaller bonding jumper may be used as provided in 15.8 and 15.9.
15.12 A bonding jumper need not be larger than the circuit conductors supplying the equipment.

15.13 If the continuity of a bonding system relies on the integrity of a nonmetallic material, the
dimensional stability of the material shall be considered in addition to any other material characteristics
that could affect the bond. These material characteristics include the material's mechanical strength,
thermal aging characteristics, moisture absorption properties, combustibility, and resistance to impact,
distortion, creep, arcing, and ignition. The bonding system, together with the nonmetallic material, shall
comply with the Bonding Conductor Test, Section 62.
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16 EV Bonding

16.1

If the EV cable and associated connections are provided with the EV supply equipment, means

shall be provided for incorporating the bonding means for the vehicle, or the vehicle shall be isolated from
the source in accordance with the applicable requirements for personnel protection systems in 9.2.

17 Internal Wiring

17.1 Wires

17.1.1  The internal wiring of a device shall be rated for the particular application with respect to the
temperatufe and voltage, exposure to oil or grease, and other conditions of service to which the wiring is
subjected.

17.1.2 With respect to 17.1.1, the effects of vibration, if installed on-board an EV/ximpact, gnd exposure
shall be eyaluated for wires smaller than 0.21 mm? (24 AWG).

17.1.3 A|l wiring shall be polyvinyl chloride (PVC), polytetrafluoroethylene’(PTFE), fluorinated ethylene
propylene|(FEP), or neoprene insulated, or shall comply with the vertical"wire flame test requirements in

Annex A, §

1714 T

Ref. No. 30, as evidenced by a surface marking “VW-1".

ne length of a power supply cord inside a device shall be limited to that needeq

connections.

17.2 Pratection of wires

17.2.1 In
Accessibil
the risk of

1722 W

ternal wiring shall not be accessiblehen judged in accordance with Protectic
ty and User Servicing, Section 8, unless it is located and secured within the enclo
t being subjected to stress or mechanical damage is reduced.

ires within an enclosure compartment, raceway, or similar part shall be located d

reduce the¢ risk of unintentional contact with any sharp edge, burr, fin, or similar part that

conductor

17.2.3 In
shall be sU

1724 A
provided Vi

insulation.

ternal wiring shall be so routed and secured that neither it nor related electricg
bjected to,stress or mechanical damage.

hole<inxa sheet metal wall through which insulated wires pass and on which they
ithva,smoothly rounded bushing or shall have smooth, rounded surfaces upon w

bear, to av

for electrical

n of Users —

sure such that

r protected to
damages the

| connections

bear shall be
hich the wires

oid-abrasion of insulation

1725 A

bushing provided in accordance with 17.2.4 shall comply with 12.2.3.

17.2.6 Metal clamps and guides used for routing stationary internal wiring shall be provided with smooth
well-rounded edges.

17.2.7 Auxiliary mechanical protection that is not electrically conductive shall be provided under a metal
clamp at which pressure is exerted on a conductor having thermoplastic insulation less than 0.76 mm
(0.030 inch) thick and no overall braid, and on any wire or wires that are subject to motion.


https://ulnorm.com/api/?name=UL 2594 2022.pdf

DECEMBER 15, 2022

NMX-J-677-ANCE-2022 ¢+ CSA C22.2 No. 280:22 ¢ UL
2594

57

18 Flam

18.1
so on, sha

mability

Il comply with the following requirements.

Nonmetallic materials used for insulation, barriers, internal parts, enclosures, decorative parts, and

18.2 Nonmetallic materials used to form enclosures shall have a minimum flammability rating in
accordance with Table 18.1.

Table 18.1
Flammability Ratings of Enclosures

Product type Flammability rating
Portable equipment V-1
Fastened in place equipment V-1
Fixed in place equipment B\

18.3 No
be rated
requiremsd
is located
located in

18.4 No
considere

185 Ca
electric v
applicabld

18.6 Pri
18.7 Fo

as part of
A, Ref. N(¢

hmetallic materials internal to the enclosure, but not intended fordirect support of |

V-2 minimum; however, the internal insulating system_-6f components whe
nts exist need not have a flame class rating. A small part, gasket, or other nonm
such that it cannot propagate flame from one area t6 another within the equipm
close proximity to uninsulated live parts, is not requiréd to have a flame class ratin

nhmetallic materials located outside of the enclesure, and not used to complete the
d decorative parts. These parts shall be rated-HB minimum, except as indicated in

bles entering and exiting the enclosuréZshall be rated FT2 minimum. Other compo
phicle couplers and attachment plugs, shall comply with the flammability requirements in the

component Standard for that component.

nted wiring board materials shall be rated V-2 minimum.

the requirements, outlined in 18.2 — 18.6, the flammability rating of the material sh
the material rating,-or the flammability rating may be determined by the applicable
.15.

19 Current Carrying Parts

191 Ad

urrent carrying part shall be of silver, copper, a copper-based alloy, stainless stee

ive parts, shall
re component
ptallic part that
ent, and is not

0.

enclosure, are
18.5.

hents, such as

all be provided
tests in Annex

, aluminum, or

t be used for

other mat
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parts that are depended upon to carry current. Wire binding screws shall not be of iron or steel.

19.2

Iron or steel, if protected against corrosion by zinc, tin, or equivalent plating, can be used for

screws, plates, yokes, or other parts that are employed as a means of clamping the conductor, providing
such parts are not the primary current carrying members.

19.3 Suitable means shall be provided for retaining live parts within such limits of alignment as to ensure

that plugs

will enter receptacles, connectors, and the like in the intended manner.

19.4 Uninsulated live parts shall be secured in place so that they do not turn or shift, when turning or
shifting results in a reduction in the clearance and creepage distances below those required in Spacings,
Section 22.
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19.5 A current carrying part shall be prevented from turning relative to the surface on which it is mounted
if such turning would adversely affect the performance of the device.

20 Electrical Connections

20.1

installed in the device.

20.2 A splice or connection shall be mechanically secure and shall make electrical contact.

20.3 A soldered connection is determined to be mechanically secure when the lead is:

The requirements described in 20.2 — 20.7 apply to connections of internal wiring that are factory

a)

b)

Wrapped one full turn around a terminal;

Bent at a right angle after being passed through an eyelet or opening, except on

printed wiring

boards where components are inserted or secured (as in a surface mounted component) and

wa

c)

204 Wh
that loose
use of pre
by any oth

205 An
6.35 mm (
quick con
forces of
Annex A, §

20.6 An
lug or bos

nut loosen

20.7 As

ve- or lap-soldered; or

Twisted with other conductors.

en stranded internal wiring is connected to a wire binding screw, the construction
strands of wire do not contact other uninsulated conductive parts. This shall be ac
ssure terminal connectors, soldering lugs, crimped eyelets, soldering of all strang
er equivalent means.

bminal 2.8 mm (0.110 inch), 3.2 mm (0.125(inch), 4.8 mm (0.187 inch), 5.2 mm ((
0.250 inch) wide quick connect terminalishall comply with Annex A, Ref. No. 29.
ect terminals shall be investigated with respect to crimp pull-out, engagement-d

I]‘he connector and tab, and temperature rise; all tests shall be conducted in ac

Ref. No. 29.

bpen end spade lug shallnot'be used unless an additional means, such as upturng
5es or shoulders on the tefminal, is provided to hold the lug in place when the bin
S.

blice shall be provided with insulation equivalent to that of the wires involved unle

spacings are maintaifed between the splice and other metal parts. Insulation over the sp

one or mo

a)

re of thefellowing:

A splicing device such as a pressure wire connector, employed when insulated f|

shall be such
omplished by
s together, or

.205 inch), or
Dther sizes of
sengagement
cordance with

d ends on the
ding screw or

SS permanent
ice may have

br the voltage

and temperature to which the device shall be subjected.

b) Insulating tubing or sleeving used to cover a splice shall be used in accordance with 22.2.4.

c) Two layers of thermoplastic tape, or two layers of friction tape, or one layer of friction tape and
one layer of rubber tape, where the voltage involved is less than 250 volts. Thermoplastic tape
wrapped over a sharp edge shall not be used.

21 Gask

211

ets

A gasket of elastomeric or thermoplastic material or a composition gasket utilizing an elastomeric

material that is provided on an enclosure to meet the environmental construction and performance
requirements of this Standard shall be in accordance with Annex A, Ref. No. 31, and considered suitable
for this use, or it shall comply with the Gasket Test, in Annex A, Ref. No. 19.
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21.2 A gasket shall be secured with adhesive or by mechanical means. The gasket and its securing
means shall not be damaged when the joint is opened.

22 Spacings
22.1 General
2211 Except as indicated in 22.1.2, the spacings for a device shall not be less than the applicable

values specified in Table 22.1 or as provided in Alternate Spacings — Clearances and Creepage
Distances, Section 23. For spacings requirements where liners and barriers are used, see 22.2.1.

22.1.2 The spacings requirements in Table 22.1 do not apply to inherent spacings of a.cdmponent such
as a switgh, power switching semiconductor, or similar component. See 22.1.7.

22.1.3 Where an uninsulated live part is not rigidly secured in position by means othgr than friction
between purfaces or where a movable dead metal part is in proximity to af-uhinsulateq live part, the
constructipn shall be such that, for any position resulting from turning or other” movement [of the parts in
question, jat least the minimum required spacings shall be maintained.

22.1.4 With reference to 22.1.3, a lock washer is not a method ofrigidly securing a part.

Table 22.1
Spacings

Minimum spacings, mm (inch)

Between any
uninsylated live part
and fhe walls of a
metal enclosure
including a fitting for

Between any uninsulated live part and an
uninsulated live part of opposite polarity,

uninsulated grounded part other than the conduit or armored
enclosure, or exposed metal part cable?

Potential involved, volts rms (Peak) Through air Over surface Shortest distance
-50 (05°70.7) 1.6 (1/16)°¢ 1.6 (1/16)>¢ 1.6 (1/16)°

Greater than 50 to 150 (70.7 to 212.1) 3.2 (1/8)P° 6.4 (1/4)° (1/4)
Greater than 150 to 300 (212.1 t0 424.2) 6.4 (1/4) 9.5 (3/8) 12.7 (1/2)
Greater than 300 to'600 (424.2 to 848.4) 9.5 (3/8) 12.7 (1/2) 12.7 (1/2)
Greater thgn 60001000  (848.4 to 1414) 19.1 (3/4)¢ 19.1 (3/4) (3/4)

2@ For the plirpose’of this requirement, a metal piece attached to the enclosure is a part of the enclosure when defgrmation of the
enclosure | e } A } RiA } -

® The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and a grounded
dead metal part shall not be less than 6.4 mm (1/4 inch).

¢ At closed-in points only, such as a screw and washer construction of an insulated stud mounted in metal, a spacing of 1.2 mm
(3/64 inch) meets the intent of the requirement.

9 Between uninsulated high-voltage parts and (1) uninsulated high-voltage parts of opposite polarity or different potentials, (2)
earth-grounded metal parts, (3) uninsulated primary-circuit parts, (4) insulated primary-circuit parts, (5) insulated high-voltage
parts of opposite polarity, or of different potentials.

22.1.5 Inherent spacings of the components in accordance with 22.1.2 shall comply with the
requirements for the component in question where the spacings are less than the values specified in this
Standard. Spacings from such components to another component and to the enclosure shall comply with
the applicable spacings specified in this Standard.


https://ulnorm.com/api/?name=UL 2594 2022.pdf

NMX-J-677-ANCE-2022 ¢+ CSA C22.2 No. 280:22 ¢ UL
60 2594 DECEMBER 15, 2022

22.1.6 With respect to judging spacings, an uninsulated live part is at opposite polarity to uninsulated live
parts in another circuit. Spacings shall be based on the highest of the circuit voltages.

22.1.7 Film coated wire is an uninsulated live part when judging spacings.

22.1.8 Spacings at field wiring terminals shall be measured with conductors installed in the terminals.
The gauge of these conductors shall be based on the rating of the circuit containing the terminals.

22.1.9 Spacings between uninsulated live parts of different potential and between such parts and dead
metal that are capable of being grounded in service are not specified for parts of limited energy circuits in
accordance with 5.31.

22.2 Instllation barriers

22.21 Ekcept as indicated in 22.2.2 and 22.2.3, an insulating liner or barrier of material such as
vulcanized fiber may be employed in lieu of required spacings (see 22.1.1), but-net as the sple support of
uninsulated live parts involving a risk of fire or electric shock, when it is not less,than 0.71 mm (0.028 inch)
thick and |t is so located that it is not adversely affected by arcing. Othethinsulating materigls used as a
barrier or @s either direct or indirect support of uninsulated live parts involving a risk of fire orjelectric shock
shall comply with the requirements in Annex A, Ref. No. 20.

22.2.2 Vlcanized fiber not less than 0.33 mm (0.013 inch) thick'shall be used only when:
a) In conjunction with an air spacing of not less tharn50 % of the minimum through airjspacing; and

b) Between a heat sink and a metal mounting surface, including the enclosure, ¢f an isolated
segondary circuit rated 50 volts rms or less,

22.2.3 Mica not less than 0.165 mm (0.006, inch) can be used as insulation between a h¢at sink and a
live case df a semiconductor device.

22.2.4 Insulating tubing complying with the requirements in Annex A, Ref. No. 32, shall be used as
insulation of a conductor in lieu of.the minimum spacings and for capacitor cases in lieu gf bonding the
case for gtounding, only when'the following conditions are met:

a) The conductor is-not subjected to compression, repeated flexure, or sharp bends;
b) The conductor or case covered with the tubing is well rounded and free from sharpledges;

c¢) The.tubing is used in accordance with the manufacturer’s instructions; and

d) Fheconductororcaseisnotsubjectedtoatemperatureorvoltagehigherthanthat for which the
tubing is rated.

22.2.5 A wrap of thermoplastic tape, complying with the requirements in Annex A, Ref. No. 33, may be
used when all of the following conditions are met:

a) The wrap is no less than 0.33 mm (0.013 inch) thick, is applied in two or more layers, and is used
in conjunction with no less than one-half the required through air spacing.

b) The wrap is no less than 0.72 mm (0.028 inch) thick when used in conjunction with less than
one-half the required through air spacing.

c) lts temperature rating is no less than the maximum temperature observed during the
temperature test.
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d)

e)

The tape is not subject to compression.

The tape is not wrapped over a sharp edge.

23 Alternate Spacings — Clearances and Creepage Distances

23.1 As an alternative to the spacing requirements of Section 22, as applicable, the spacing
requirements in Annex A, Ref. No. 34, may be used. The spacing requirements of Annex A, Ref. No. 34
shall not be used for field wiring terminals and spacings to a dead metal enclosure. In determining the
pollution degree and overvoltage category, the end use application shall be taken into account and shall

be capabl

e of modifying those characteristics given in 23.2 and 23.3.

23.2 Th
equipmen
enclosure
Performa

233 Th

234 In
achieved

23.5 All
without fu

24 Separation of Circuits

241 Fa

2411 H
wiresin a
separated

241.2 H
intended 1

2413 H

a)

b level of pollution for indoor use equipment shall be pollution degree 2o
t, the level of pollution shall be pollution degree 3. Hermetically sealed "or
s, or coated printed wiring boards in compliance with the Printed, Wiring B
nce Test of Annex A, Ref. No. 34, are pollution degree 1.

b equipment shall be rated overvoltage category Il as defined in Annex A, Ref. No.

brder to apply Clearance B (controlled overvoltage) clearafices, control of overv
by providing an overvoltage device or system as an integral part of the product.

printed wiring boards shall be considered to havea minimum comparative trackin
rther investigation.

ctory wiring

xcept as indicated in 24.1.2,%insulated conductors of different circuits within a de

or segregated from uninsulated live parts connected to different circuits.

or insulated condugctors of different circuits, when each conductor is provided
or the highest of the circuit voltages, no barriers or segregation are required.

or the putpose of the requirement in 24.1.1, different circuits include:

I outdoor use
encapsulated
Board Coating

34.

bltage shall be

g index of 100

vice, including

terminal box or compartment,“shall be either separated by barriers or segregated and shall be so

with insulation

b)
c)
d)

e)

Circuits connected to secondary windings of different transformers;
Input and output circuits of an optical isolator; and

AC power input and AC power output circuits.

Circuits connected to the primary and secondary windings of an isolation transformer;
MTWWMMW i i i vt = nsformer;

The power circuits outlined in (e) that are not provided with an isolation component — such as a
transformer — between the input and output, are not considered different circuits.

24 1.4 Segregation of insulated conductors shall be accomplished by clamping, routing, or an equivalent
means that maintains permanent separation from insulated and uninsulated live parts and from
conductors of a different circuit.
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24.2 Separation barriers

24.2.1 A barrier used to provide separation between the wiring of different circuits shall be grounded
metal or insulating material complying with the requirements for flammability classification in Flammability,
Section 18, and with the requirements for Insulating Materials, Section 31. The barriers shall be no less
than 0.71 mm (0.028 inch) thick, and supported so that it is not capable of being readily deformed so as to
defeat its purpose.

24.2.2 A barrier used to provide separation between field wiring of one circuit and field or factory wiring
or uninsulated live parts of another circuit shall be spaced no more than 1.6 mm (1/16 inch) from the
enclosure walls and interior mechanisms, component-mounted panels, and other parts that serve to

provide separatedcompartments:
24.3 Field wiring
24.3.1 The equipment shall be constructed so that a field-installed conductor of a cifcuit shall be

separated

a)
Cirg

b)
witl

as specified in 24.3.2 or separated by barriers as specified in 24.2.9)and 24.2.2 frd

Factory-installed conductors connected to any other circuity_unless the condd
uits are insulated for the maximum voltage of either circuit.

An uninsulated live part of another circuit and from an uninsulated live part wher
n it results in a risk of fire, electric shock, electrical erergy involving high current Ig

to persons.

2432 S
uninsulate]
enclosure
the condu
determinin
service in
average G
compartm

2433 W

bparation of a field-installed conductor from another field-installed conductor
d live part connected to another circuit.shall be accomplished by locating an g
for the conductor opposite to the conductor terminal so that, when the installatio
ctors and parts of different circuits*are separated by a minimum of 6.4 mm
g whether a device having such*openings complies with this requirement, it shall
Cluding 152.4 mm (6 inches)-of slack in each conductor within the enclosure.

are shall be exercised ip-routing the wiring and stowing the conductor slack i
ent.

ith reference to_24.8.2, where the number of openings in the enclosure does n

minimum fequired for the ‘infended wiring of the device, and where each opening is located

of termina
opposite t
a conduct
connected

s, it shall be:assumed that a conductor entering an opening shall be connected t
nat opening."Where more than the minimum number of openings are provided, th

and ‘the risk of it contacting insulated conductors or uninsulated current-

connected

m:

ctors of both

e short circuit
vels, or injury

and from an
pening in the
N is complete,
(1/4 inch). In
be wired as in
No more than
hto the wiring

bt exceed the
bpposite a set
p the terminal
b possibility of

br enteting an opening other than the one opposite the terminal to which it is iptended to be

arrying parts

te.a different circuit shall be investigated.

25 Control Circuits

25.1 Secondary control circuits

25.1.1
connected

to a single point reference ground.

An LVLE circuit as described in 5.33 or a limited energy circuit as described in 5.31 may be

25.1.2 Except as indicated in 25.1.3, an LVLE circuit is not required to be investigated. Printed wiring
boards and insulated wire used in such circuits shall be types that are required for the application. See
17.1.1 and 30.1.

25.1.3 Safety circuits shall be judged by the requirements for primary circuits.
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25.1.4 Except as indicated in 25.1.5, a control circuit, including associated electronic components on
printed wiring boards, is not required to be investigated when the maximum voltage and current are limited
as specified in Table 25.1. Printed wiring boards and insulated wires used in such circuits shall be types
that are required for the application. See 17.1.1, 17.1.3, and 30.1.

25.1.5 The current values specified in Table 25.1 do not apply when the circuit includes an overcurrent

protection device as described in 25.1.9 and 25.1.10.

Table 25.1
Limit for Control Circuits

Maximum voltage

Maximum current

0-42.4V peak
0-30Vdc
30-60Vdc

8A
8A
150A00

25.1.6 With reference to the current specified in Table 25.1, the maxitmum current shal| be measured
under any condition of loading including short circuit using a resistor that-shall be continuoysly readjusted
during the 1-minute period to maintain maximum load current, without exceeding the valje indicated in
Table 25.1.

ith reference to the voltage limit specified in Table 25.1, measurement shall be made with the
device cannected to the rated voltage of the device and\with all loading circuits disconnegted. Where a
tapped transformer winding is used to supply a full-wave rectifier, voltage measurement ghall be made
from eithgr end of the winding to the tap.

25.1.8 When the control circuit mentioned in\25.1.4 is not limited as to available short-cincuit current by
the consfruction of a transformer and he circuit includes either one or more resistgrs, a fuse, a
nonadjusfable manual-reset protective device, or a regulating network — see 25.1.12 — the c|rcuits in which
the current is limited in accordance with-25.1.9, 25.1.10, or 25.1.11 are not required to be inVestigated.

25.1.9 A fuse or circuit-protéctive device provided in the control circuit used to limit [the current in
accordange with 25.1.8 shall'he rated or set at not more than the values specified in Table 2%.2.

Table 25.2
Rating for Secondary Fuse or Circuit Protector

Circuit voltage (volts, rms)

Maximum overcurrent protection (aTnperes)
1

20 or less S
More than 20 but not greater than 60 100/V®

2V is the maximum output voltage, regardless of load, with the primary energized.

25.1.10 A fuse or circuit protective device may be connected in the primary of a transformer to limit the
current in accordance with 25.1.8 when the protection is equivalent to that specified in 25.1.9 as
determined by conducting the Overcurrent Protection Calibration Test, Section 71.

25.1.11 One or more resistors or a regulating network used to limit the current in accordance with
25.1.10 shall be such that the current under any condition of load including short circuit does not exceed
the values indicated in Table 25.1.
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25.1.12 Where a regulating network is used to limit the voltage or current in accordance with 25.1.4 —
25.1.11, and the performance is affected by malfunction, either short circuit or open circuit, of any single
component — excluding a resistor — the network shall comply with the environmental tests specified in
Annex A, Ref. No. 35.

25.1.13 In a circuit of the type described in 25.1.8, the secondary winding of the transformer, the fuse or
circuit protective device, or the regulating network, and all wiring up to the point at which the current and

voltage are limited shall be investigated in accordance with the applicable requirements in this Standard.

25.2 Primary control circuits

25.2.1

that is cap|

2522 T

fuse, or cifcuit breaker that is intended for branch circuit use. See Overcurrent)Protective De

28. Wherg]

2523 A
external c
1000 volt
overcurrer
voltage. T

2524 A
the overcd

2525 A
in 25.2.3 4

AJcontrol circurt that extends from the device to a remote control panel, status pa
device shall be protected in accordance with 25.2.2 — 25.2.8 to reduce the risk of fire and

bble of resulting from overload and short circuit conditions.

ne overcurrent protective device specified in 25.2.1 shall be a supplementary typs

the protective device consists of a fuse, the device shall be marked in accordance

Class 1 power limited circuit, in accordance with Annex(A, Ref. No. 71, used
bntrol circuit shall be supplied from a source having a rated output of no more tha
amperes. When the source is other than a transfopmer, the circuit shall be pr
t protection device rated no more than 167 % of\the volt ampere rating divided
e overcurrent device shall not be interchangeable'with overcurrent devices of high

h external control circuit derived from a Class 2 transformer is not required to be
rrent protection specified in 25.2.1.

n external control circuit derived.from the secondary of a transformer other than f{
nd 25.2.4 shall be provided with overcurrent protection in accordance with 25.2

hel, or similar
electric shock

, thermal link,
vices, Section
with 74.9.

to supply an
n 30 volts and
ptected by an
by the rated
er ratings.

provided with

hat described
6 and 25.2.8.

For transf
25.2.8 sha

2526 E
control cir
25.3.

2527 W
current do|

brmers not having a rating;the rated primary or secondary current mentioned
Il consist of the maximum.current during normal operation of the device.

uit shall be provided with overcurrent protection in the primary circuit rated as indi

here the_rated primary current of the transformer is 9 amperes or more, and
bs noticorrespond to a Standard rating of fuse or circuit breaker, the next higher S

in 25.2.6 and

Kcept as indicatedin+25.2.7 and except as described in 25.2.8, a transformer used to supply a

cated in Table

125 % of this
tandard rating
Annex A, Ref.

of protecti

ve_device may be used. Standard ratings of protective devices are specified in

No. 70.

Table 25.3
Primary Overcurrent Protection for Control Circuit Transformers

Maximum rating of overcurrent device, percent of

Rated primary current (A) transformer primary current rating
Less than 2 300
2 or more, less than 9 167
9 or more 125

25.2.8 Except as indicated in 25.2.9 and 25.2.10, when a control circuit is derived from the secondary of
a transformer that is provided with primary circuit overcurrent protection rated at no more than 250 % of
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the rated primary current of the transformer, additional overcurrent protection is not required in the primary
circuit when the secondary circuit is protected at no more than 125 % of the rated secondary current of the
transformer.

25.2.9 Where the rated secondary current of the transformer is 9 amperes or more and 125 % of this
current does not correspond to a Standard rating of fuse or circuit breaker, the next higher Standard rating
of protective device may be used. Standard ratings of protective devices are specified in Annex A, Ref.
No. 70.

25.2.10 Where the rated secondary current of the transformer is less than 9 amperes, the overcurrent
protection in the secondary circuit shall be rated or set at no more than 167 % of the rated secondary
current.

26 Switches and controls

26.1 A switch or other control device shall have current and voltage ratings not less than those of the
circuit that it controls when the device is operated in its intended manner.

26.2 A primary-circuit switch that controls an inductive load having a pewer factor less than 75 %, such
as a transformer, shall be either rated not less than twice the, maximum load current{under normal
operating|conditions, or be investigated for the application.

26.3 A switch used to connect a load to various sources or potentials shall be a type fthat has been
investigated and rated for such use.

26.4 A switch or other device controlling a relay, selenoid coil, or similar device shall have a pilot duty
rating intgnded for the application.

26.5 Eagh pole of a snap switch rated‘as a 2-circuit, 3-circuit, or multicircuit switch may control a
separate |oad at the full voltage rating ofithe switch. Each pole of a snap switch rated as a 240-volt, 2-pole
switch mgy control a separate 120-voltload, and both may control both legs of a single 240-yolt load. Each
pole of alsnap switch rated as a 240-volt, 3-pole switch may control a separate load not ¢xceeding 139
volts, and|the three poles may €ontrol the three legs of a 3-phase, 240-volt load.

26.6 A 240-volt or 250-volt snap switch used in a circuit involving more than 120 volts to ground shall be
rated for §uch use as indicated by a double underlining under the voltage rating.

26.7 A gwitch shall not disconnect the grounded conductor of a circuit unless:

a)[The switch simultaneously disconnects all conductors of the circuit, or

b) The switch is so arranged that the grounded conductor is not disconnected until the ungrounded
conductors of the circuit have been disconnected.

26.8 Solid state switches shall comply with the requirements in this Standard. Mechanical and
electromechanical switches shall comply with the applicable requirements for switches such as in Annex
A, Ref. No. 36, or Annex A, Ref. No. 37.

26.9 Where a device switch or circuit breaker is mounted such that movement of the operating handle
between the on position and off position results in one position being above the other position, the upper
position shall be the ON position. This requirement does not apply to a switching device having more than
one on position, a double throw switch, a rotationally operated switch, or a rocker switch.
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27 Capacitors, Resistors, and Suppressors
27.1 Capacitors

27.1.1 The materials and construction of a capacitor, its case, or both shall be such that emission of
flame from the enclosure of the device during malfunction of the capacitor does not occur. See 27.1.3.

27.1.2 The materials and construction of a capacitor or its case within a device shall be such that
pressures capable of causing injury to persons do not develop in the capacitor in the event of malfunction
of the capacitor or the circuit in which it is connected. See 27.1.3.

27.1.3 Cpmpliance with the requirements described in 27.1.1 and 27.1.2 shall be detefqmined by the
Abnormal [Tests specified in Section 52.

27.1.4 Upder both normal and abnormal conditions of use, including internal shoxting of tHe capacitor, a
capacitor gontaining oil that is more combustible than askarel shall not resultin’a risk of fire or electric
shock and shall be constructed to reduce the risk of expelling dielectric medium from the enclosure of the
device. Sge 27.1.5 and 27.1.6.

27.1.5 With reference to the requirement in 27.1.4, a capacitor complying with the requirements for
protected pil-filled capacitors in Annex A, Ref. No. 38, shall be gonstructed to reduce the rigk of expelling
the dielectfic medium.

27.1.6 With reference to 27.1.4, a device having a capacitor other than that described in 47.1.5 shall be
provided with:

a) A complete noncombustible bottom papelbelow the capacitor;
b) A ventilated, bottom-panel construetion complying with 7.5.4.1; or

c) A ventilated, bottom-panel construction complying with the capacitor fault test descfibed in 52.5.

27.1.7 Almeans such as a bleeder resistor shall be provided to drain the charge stored in & capacitor so
that it does not provide a risk of-glectric shock. See 9.3.1.

27.1.8 Chppacitors connected across an input ac circuit shall comply with the requiremerjts for across-
the-line capacitors in-Annex A, Ref. No. 39.

27.2 Resistors

2721 The assembly ofa powerresistor,suchasawire-wound-type requiringaseparate support, shall
be reliable. The resistor shall be prevented from loosening or rotating by a means other than friction
between surfaces.

27.2.2 An assembly employing lock washers complies with the requirement in 27.2.1.
27.3 Suppressors

27.3.1 Suppressors shall be enclosed by housings of noncombustible, moisture-absorption-resistant
material. If sheet steel is used, it shall be not thinner than 0.52 mm (0.02 inches).

27.3.2 The housing required by 27.3.1 may be dispensed with if a suppressor is mounted in an enclosure
that affords protection equivalent to that of the housing.
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28 Overcurrent Protective Devices
28.1 General

28.1.1 Supplementary overcurrent devices are not required unless specifically stated as such in other
parts of this Standard or to reduce the risk of electric shock, fire, or injury to persons.

28.2 Supplementary protectors

28.2.1 Supplementary protectors shall not be used for overcurrent protection of circuits defined as
"branch circuits" as defined in Annex A, Ref. No. 1.

28.2.2 Yupplementary protection devices shall be in accordance with Annex.! A;”|Ref. No. 40.
Supplemeéntary protection devices that are user replaceable shall be accessible”from outside the
enclosurg, or shall be located behind a hinged cover —see 7.2.1.

28.2.3 Hxcept as indicated in 28.2.4, a supplementary protection device shall not be copnected in the
grounded|(neutral) side of the line.

28.2.4 Additional protection in the grounded side of the supply circuit is allowed when |the protection
simultanepusly disconnects all grounded and ungrounded conductors of the supply circuit.

28.2.5 Where the device has provision for connection of a grounded neutral conductor, inglividual single-
pole circyit breakers may be used as the protection for each ungrounded conductor of a| 3-wire single-
phase cir¢uit or for each ungrounded conductor of a*4*wire, 3-phase circuit, when no conduftor involves a
potential fo ground in excess of 150 volts. See 74.18.

28.3 Thermal links

28.3.1 Non-resettable thermal links~incorporated as overcurrent protection shall comply with the
applicable requirements in Annex A; Ref. No. 41.

28.4 Fuses

28.4.1 Huses used for overcurrent protection shall be plug fuses or cartridge fuses. Plug|fuses shall be
Edison bgse or Type)S:fuses and shall comply with 28.4.2. Cartridge fuses shall be Class CC, G, H, J, K,
RK1, RK§, or T, and shall comply with 28.4.3.

28.4.2 Rlug\fuses shall comply with Annex A, Ref. No. 42 and Ref. No. 43. The fuseholdgr shall comply
with AnnexA-RefNo—45-

28.4.3 Cartridge fuses shall comply with Annex A, Ref. No. 42 and additionally, the Standard based on
fuse class in accordance with Annex A, Ref. No. 46 and No. 48. Fuseholders shall comply with Annex A,
Ref. No. 44 and additionally, the Standard based on fuse class in accordance with Annex A, Ref. No. 47.

28.4.4 For plug fuses and cartridge fuses, except as indicated in 28.4.5, a disconnecting means shall be
provided on the supply side of each fuse. The disconnecting means shall be such that each individual
circuit can be independently disconnected from the source of supply.

28.4.5 For service replaceable fuses, the disconnecting means can be the circuit breaker in the building
installation. If so used, no additional disconnecting means is necessary, provided that manufacturer’s
service instructions inform the service personnel to disconnect power to the unit prior to changing the fuse.
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28.4.6 A device shall be constructed so that fuses will be readily accessible when the disconnecting
means is opened so that the fuse can be replaced without the service personnel or user inadvertently
contacting live parts.

28.4.7 If a Type S fuseholder, or Edison base fuseholder with or without a Type S adapter, is used, the
line connection shall be made to the center contact.

28.4.8 A fuse and fuseholder shall have a voltage and current rating not less than those for the circuit in
which they are connected. Plug fuses shall not be used in a circuit rated more than 125 volts or 125/250
volts, 3-wire.

28.4.9 F({ises shallbe Tocated in all ungrounded conductors.

28.4.10 A device shall be marked in accordance with 74.9 when it is provided with pyercurient protection
consisting| of an interchangeable fuse that is accessible to the user, whether the User ig instructed to
change th¢ fuse or not.

28.5 Circuit breakers

28.5.1 Cjrcuit breakers incorporated as overcurrent protection “shall comply with the applicable
requiremehts in Annex A, Ref. No. 73.

29 Transformers
29.1 General

29.1.1 Ajtransformer coil, unless inherently moisture resistant, shall be treated with an insylating varnish
and baked, or otherwise impregnated to exclude moisture or acid vapor. Film coated nfagnet wire is
moisture resistant for this case.

29.1.2 A|thermal cutoff or other device employed to reduce the risk of fire or electric [shock due to
overheating of a transformer during abnormal operation shall comply with the requirementq applicable to
such a deyice in addition to the'applicable requirements in this Standard. For example, a thermal cutoff
shall comply with the applicable requirements in this Standard and those of Annex A, Ref. Ng. 41.

29.1.3 Ajtransformertused to supply a signal circuit where the outlet is accessible to the uger shall have
its primary| winding-electrically isolated from its secondary winding and shall be constructed as specified in
29.2.1 — 29.2.7 so.that there is no electrical connection — under normal and overload conditigns — between
the primany and.'secondary windings, between the primary winding and the core, or between separate
adjacent secondary windings, where such connection results in a risk of fire or electric shock

29.1.4 With reference to the requirement in 29.1.3, a transformer complying with the requirements in any
of the following Standards complies with this requirement:

a) Annex A, Ref. No. 49 and Ref. No. 50;
b) Annex A, Ref. No. 51; or

c) Annex A, Ref. No. 26.
29.2 Coil insulation

29.2.1 A transformer winding including the start, all taps, finish, and crossover leads up to the point
where insulated leads are provided shall be constructed, when used, as specified in Table 29.1.
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Table 29.1
Transformer Insulation
Insulation required Type of insulation

1. Insulation between the primary wires of opposite polarity and between a,b,c,ord
secondary wires of opposite polarity having a potential greater than 30 volts,
rms (42.4 volts peak)

2. Insulation between the primary and any secondary winding a,b,c,ord
Insulation between any winding or lead connections and dead metal parts b,c,d, e, f,org

4. Insulation between the crossover leads and (1) the turns of a different a,d,e,g,orh
winding, (2) the metal enclosure of a unit, or (3) the core

a. Elgctrical grade paper that is waxed or otherwise treated to retard the absorption of moisture and that has|a total thickness
of hot less than 0.71 mm (0.028 inch); polyethylene terephthalate film, not less than 0.178 mm (0.007inch) thick; or
aramid paper, not less than 0.203 mm (0.0085 inch) thick.

b. A thermoplastic or thermoset coil form not less than 0.71 mm (0.028 inch) thick.

C. A [naterial having a thickness less than 0.71 mm (0.028 inch) is used only when it is equivaleht to note a dr b and the
material has a minimum dielectric breakdown strength of 5000 volts for the thickness used.as determined|by the test
deIcribed in Tests on Transformer Insulating Materials, Section 69.

d. Uding spacings specified in Table 29.2 in place of the specified insulation is not prohibited.

e. Elgctrical grade paper, waxed or otherwise treated to resist the absorption of frioisture, having a total thicqness of not less
than 0.33 mm (0.013 inch) when used in conjunction with an air spacing 6f.one-half that specified in note d¢.

f. Elgctrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a total thicqness of not less
than 0.71 mm (0.028 inch) where the insulation is in contact with the enclosure.

g. A material having a thickness less than that specified in notesie\anhd f is not prohibited where it is equivalept to notes e and
f apd the material has a minimum dielectric breakdown strepgth of 2500 volts for the thickness used for ngte e and 5000
volts for the thickness used for note f as determined by thé'test described in Section 51.

h. Anly type and thickness of insulation in addition to thesmagnet wire coating, or a through air spacing less than that
specified in Table 29.2 is not prohibited from being(used between a crossover lead and the winding to whigh it is
copnected when the construction complies with.gither of the following:
1)[The coil withstands the applicable dielectric:withstand potential described in 51.3.1 and 51.3.3. The potential shall be
applied between the coil leads with the trossover lead cut at the point where it enters the inner layer.
2)[The coil withstands the induced-potential described in 51.5.2 and 51.5.5.

Table 29.2
Spacings Within a Transformer

Minimum spacing through air and over surface, mm (inch)

ninsulated live
ore®

Between any uninsulated live part and an y

Potential involved, volts part of opposite polarity, or the g
0-50 1.2 (3/64)
Greater than 50 to 125 1.6 (1/16)
Greater than 125 to 250 2.4 (3/32)
Greater than 250 to 600 6.4 (1/4)
Greater than 600 to 1000 V 12.7 (1/2)

NOTE — This table applies only to transformers that are treated with an insulating varnish and baked or otherwise impregnated.

2 Includes turns of a coil having a magnet wire coating.

29.2.2

Insulating material, such as outer-wrap and crossover-lead insulation, employed to reduce the

risk of live parts from becoming accessible through openings in the outer enclosure in accordance with
Protection of Users - Accessibility and User Servicing, Section 8, shall comply with note (a) or (c) of Table

29.1.
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29.2.3 A flanged bobbin-wound transformer shall be constructed so as to maintain physical separation
between the primary and secondary windings. Physical separation accomplished by employing a 3-flange
bobbin for winding the primary and secondary windings adjacent to each other is allowed. As an
alternative, a telescoping bobbin construction, with each section containing an individual winding, shall be
used where the primary winding is wound over the secondary winding or the secondary winding over the
primary winding. The bobbin insulation shall comply with note (a), (b), (c), or (d) of Table 29.1.

29.24 A 2-flange bobbin having the primary winding wound over the secondary winding or the
secondary winding wound over the primary with the primary winding insulated from the secondary winding
by means of tape insulation meets the intent of 29.2.3 when:

a) The tape insulation complies with note (2) ar (r‘) of Table 29 1:

b) The tape insulation provides a continuous overlap on the bobbin flange;

c¢) The transformer complies with the tests described in the Flanged Bobbin\Iransformer Abnormal
Test, Section 53; and

~

d) The transformer complies with the induced potential tests described in 51.5.

29.2.5 A| 2-flange bobbin having the primary winding wound, over the secondary wjnding or the
secondary winding wound over the primary with the primary winding insulated from the secohdary winding
by means pf tape insulation meets the intent of 29.2.3 when:

a) The tape insulation complies with note (a) or (c)of fable 29.1,
b) The coils are layer wound, and

c) Al windings have end turns that are retained by a positive means and the spacing between end
malrgins of the primary and secondary windings comply with item (d) of Table 29.1.

29.2.6 Ajtransformer complying with the-requirements in either Annex A, Ref. No. 49 and Ref. No. 50 or
Annex A, Ref. No. 26 or Annex A, Ref.:No. 51 complies with 29.2.3.

29.2.7 With reference to note (€) in 29.2.4, the Flanged Bobbin Transformer Abnormal Test, Section 53,
is not required when the tfansformer is supplied from an LVLE circuit, or a limited energy circuit, or
complies with the requirements in 28.2.

30 Printed Wiring' Boards

30.1 Exdeptas‘indicated in 30.2, a printed-circuit board shall comply with the requirements in Annex A,
Ref. No. 5R,'and shall be classed V-1 in accordance with the requirements in Annex A, Ref. No. 15.

30.2 A printed wiring board located outside an enclosure, such as in an external control circuit, and
located in a LVLE circuit or a limited-energy circuit shall be classed as minimum V-2.

30.3 A resistor, capacitor, inductor, or other part that is mounted on a printed-circuit board to form a
printed-circuit assembly shall be secured so that it does not become displaced and cause a risk of electric
shock or fire by a force that is capable of being exerted on it during assembly, intended operation, or
servicing of the power supply.

30.4 Further evaluation shall be conducted for a barrier or a partition that is part of the device assembly
and that provides mechanical protection and electrical insulation of a component connected to the printed-
circuit board.
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31 Insulating Materials

31.1 An insulating material used for supporting live parts and a barrier material shall be moisture-
resistant and not be adversely affected by the temperature and stresses to which it is subjected under
conditions of use.

31.2 Insulating material shall be judged with respect to the application for which it is to be used. Materials
such as mica, some molded compounds, and certain refractory materials are usually used for the sole
support of live parts. When an investigation is required to determine whether a material is capable of being
used, such investigation shall be conducted in accordance with Annex A, Ref. No. 20. Consideration shall
be given to the material's mechanical strength, resistance to hot wire ignition, resistance to high-current-

arc ignitig
resistant

and any ¢
All factorsg

31.3 Ordinary vulcanized fibers used for insulating bushings, washers, separators, and b3

T, Tesistance tohigh=vottage=arcigmition, diefectric—strength, msutatiomr resistar
ualities, in both the aged and unaged conditions; the degree to which the materi
ther feature affecting the risk of fire, electric shock, hazardous energy levels{.orinj
shall be taken into account with respect to conditions of actual service.

ce, and heat-
Al is enclosed;
ury to persons.

rriers shall not

be the sole support for uninsulated live parts.
31.4 A sensor such as a current transformer, transducer, or simijlar device shall be |provided with
insulation| that has been evaluated for the maximum voltage and«temperature involved in jts application,

while taki

32 Protection of Service Personnel

32.1 Th
under, a
measurer

32.2 Liv
exposure

323 An
located, ¢
adjusting
equipmer

resetting a trip mechanism, or operating a manual switch.

32.4 Liv|
side of a ¢

Ng into account the presence of other circuits.

e requirements in Section 32 apply only, te*service personnel who find they m(
Lross, or around uninsulated electrical parts or moving parts to make a
nents while the device is energized.

to energy hazardous parts:while covers are being removed and replaced.

uninsulated live partfinvolving a risk of electric shock or exposure to hazardous ¢
uarded, or enclosed so as to reduce the risk of unintentional contact by sery
or resetting caontrols, or similar action or performing mechanical service fund
t energized, ‘such as adjusting the setting of a control with or without markeg

B parts. involving a risk of electric shock, or exposure to hazardous energy, locatg

st reach over,
djustments or

e parts shall be so arrangedand covers so located as to reduce the risk of elgctric shock or

nergy shall be
ice personnel
tions with the
dial settings,

d on the back

oonor cover shall be either guarded or insulated to reduce the risk of unintentiona

contact of the

live parts

Y service personnel.

32.5 A component that requires examination, resetting adjustment, servicing, or maintenance while
energized shall be so located and mounted with respect to other components and with respect to
grounded metal parts that it is accessible for electrical service functions without subjecting the service
person to the risk of electric shock or exposure to hazardous energy levels. Access to a component shall
not be impeded by other components or by wiring.

32.6 For an adjustment that is to be made with a screwdriver or similar tool when the device is energized,
32.5 requires that protection be provided so that the risk of inadvertent contact with adjacent uninsulated
live parts involving a risk of electric shock is reduced, taking into account that misalignment of the tool with
the adjustment means is capable of resulting where an adjustment is attempted. This protection shall be
provided by locating the adjustment means away from uninsulated live parts or by a guard that reduces
the risk of the tool contacting uninsulated live parts.
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32.7 A live relay frame or similar device involving a risk of electric shock or exposure to hazardous
energy levels and that is capable of being mistaken for dead metal shall be guarded to reduce the risk of
unintentional contact by the service person or be marked in accordance with 74.19.

32.8 Moving parts that can cause injury to service personnel that must be in motion during service
operations that do not involve the moving parts shall be so located or protected that unintentional contact
with the moving parts is not likely.

33 Electronic Protection Circuits

33.1  When circuit analysis or test results indicate that single component failure affects the ability of an
electronic [or solid-state circult to perform Its back-up, Tmiting, or other satety related funciign intended to
reduce the risk of fire, electric shock, or injury to persons the circuit shall comply with the rgquirements in
Annex A, Ref. No. 35, including environmental and stress tests applicable to the intended usage of the
end-produict. When such circuits employ a microprocessor executing softwareto ‘perform the safety-
related furlction, the software shall comply with the requirements in Annex A, Ref..No. 53.

33.2 When it is determined that environmental tests are required, the protection coptrol shall be
subjected fo the following tests in accordance with the method described'in’Annex A, Ref. Nd. 35:

a) Transient Overvoltage Test;

b) Ramp Voltage Test;

c) Electromagnetic Susceptibility Tests;
d) Electrostatic Discharge Test;

e) Thermal Cycling Test;

f) Humidity Test; and

g) Effects of Shipping and Storage Test.
Before andl after each test, the.control shall be checked for normal operation.

33.3 Thgqg following test pafameters shall be used in the investigation of the control covergd by 33.1 for
compliance with AnneXx:A, Ref. No. 35:

a) Electrical-supervision of critical components;

b) Visibility or audibility as a trouble indicator for an electrical supervision circuit;

c) A field strength of 3 volts per meter (0.91 volts per foot) shall be used for the Radiated EMI Test;
and

d) Exposure Class H5 shall be used for the Humidity Test.

33.4 The following test parameters shall be used in the investigation of the circuit employing software
covered by 33.1 for compliance with Annex A, Ref. No. 53:

a) The requirements for Software Class 1 shall be applied, and

b) A failure in the software during its intended operation does not affect compliance under the
following conditions:

1) There is no loss of protective function as specified by the manufacturer, or
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2) The EV supply equipment is de-energized such that there is no longer a risk.
34 Cord Reels

34.1 For EV supply equipment provided with a cord reel, the cord reel shall comply with Annex A, Ref.
No. 54.

34.2 Ifthe EV supply equipment is provided with hooks, or similar means, for manually winding a cord for
storage, whether it is the flexible power cord or the EV cable, the requirement in 34.1 does not apply. The
wound cord shall be subjected to temperature rating verification by temperature measurements on the
cord during the Temperature Test, Section 49, with 2/3 of the cord length wound as intended.

35 Lumjnaires

35.1 Elgctric vehicle supply equipment provided with an external luminaire|yshall comply with the
requiremgnts specified in 35.2 — 35.6. The luminaire shall comply with the¢applicable requirements in
Annex A, Ref. No. 55.

35.2 Luminaires provided as part of the electric vehicle supply ‘equipment shall be [provided with
overcurrept protection in accordance with Overcurrent Protective Devices, Section 28, unless as indicated
in 35.3.

35.3 Exgept as indicated in 35.4, a luminaire supplied by-the same source as the electric [vehicle supply
equipment shall be provided with a switch rated 20 A ‘mihimum on the supply side of the overcurrent
protectior.

35.4 A switch is not required to be providedif,the overcurrent protection can only be accessed after
power is removed or if the access panel, cover\or door, is provided with an interlock.

35.5 A luminaire supplied by a separate source from the electric vehicle supply equipment need not be
provided ith a switch and overcurrent protection when the electric vehicle supply equipmept is marked in
accordange with 74.21.

35.6 With reference to 35.5) the electric vehicle supply equipment shall be marked in agcordance with
74.20.

PROTECTION OF-USERS AGAINST INJURY

36 GenTral

36.1 Where the operation or user maintenance of a device involves a risk of injury to persons, means
shall be provided to reduce the risk.

36.2 For the purpose of the requirements described in 36.3 — 36.6, the words “injury to persons” are in
reference to physical harm to persons other than the physiological effects of electric shock.

36.3 When judging a product with respect to the requirement in 36.1, reasonably foreseeable misuse of
the device shall be a factor.

36.4 A functional attachment that is made available or specified by the manufacturer for use with the
basic device shall be included in the evaluation of the device. Unless the manufacturer specifies the use of
two or more attachments at the same time, only one attachment at a time shall be evaluated with the
device.
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36.5 Whether a guard, a release, an interlock, or similar device is required and whether such a device is
to be used shall be determined from an investigation of the complete device, its operating characteristics,
and the risk of injury to persons resulting from a cause other than gross negligence. The investigation shall
include evaluating the results of breakdown or malfunction of any component; not more than one
component at a time, unless one event contributes to another. Where the investigation shows that
breakdown or malfunction of a particular component results in a risk of injury to persons, that component
shall be investigated for reliability.

36.6 Specific constructions, tests, markings, guards, and similar specifications are detailed for some
common constructions. Specific features and products not covered herein shall be examined and tested to
determine whether they are to be used for the purpose.

37 Sharp Edges

37.1 An |enclosure, a frame, a guard, a handle, or similar device shall not have shafp edges that
constitute f risk of injury to persons in normal maintenance and use.

37.2 Where reference measurements are required to determine that apart as mentioned|in 37.1 is not
sharp enojgh to constitute a risk of injury to persons, the method described in Annex A, Refl No. 56, shall
be employled.

38 Enclosures and Guards

38.1 A fan blade or other moving part that is capable of.causing injury to persons shall be enclosed or
provided with other means to reduce the risk of unintentional contact therewith.

38.2 Thg degree of protection required by 38.1.depends upon the general construction and intended use
of a devicg.

38.3 Some guards are required to be\self-restoring. Other features of guards that shall{be evaluated
include:

a) Removability without the use of a tool;
b) Removability for-servicing;
c) $trength andrigidity;

d) Completeness; and

e) Creation of a risk of injury to persons, such as a pinch point, and the requirement for additional
handling because of the increased need for servicing, such as for cleaning, unjamming, or similar
service.

39 Strength of Enclosures

39.1 An enclosure provided to reduce the risk of fire, electric shock, injury to persons, or exposure to
hazardous energy levels, shall be resistant to damage or deformation from drop impact, ball impact, and
vehicle drive over in accordance with 39.2 — 39.4, as applicable for the type of device involved.

39.2 An enclosure shall not be adversely affected by dropping the product in accordance with the Drop
Test, Section 59. This test is required for all products that are intended to be carried by hand from location
to location, or for any products that are considered to be portable.
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39.3 An enclosure shall not be adversely affected by impact of a steel sphere in accordance with the
Impact Test, Section 57. This test is required for all products.

39.4 An enclosure shall not be adversely affected after being driven over by a vehicle in accordance with
the Vehicle Drive Over Test, Section 58. This test is required for any product that is carried by hand or is
considered portable and may be placed on the floor or ground during operation or in between operations.

40 Surface Temperatures

40.1 During the temperature test, the temperature of a surface that is capable of being contacted by the
user shall not be more than the value specified in Table 40.1. When the test is conducted at a room
temperatyre of other than Z5 “CT (/7 F), the resulis shall be corrected o that temperaiure. For devices
intended for installation outdoors or on-board an EV, the results shall be corrected to 40°Ci([104 °F).

Table 40.1
Maximum Surface Temperatures

Composition of surface®

Location Metal Nonmetallic
Handles ofl knobs that are grasped for lifting, carrying, or 50 °C (122 °F) 60 °C (140 °F)
holding
Handles o knobs that are contacted but do not involve 60 °C (140 °F) 85°C (185 °F)

lifting, carrying, or holding; and other surfaces subject to
contact angl user maintenance

Surfaces subject to casual contact but not required to be [0°C (158 °F) 95°C (203 °F)°
contacted {o operate the device

2 A handle| knob, or similar device made of a material othefthan metal that is plated or clad with metal having a th|ckness of 0.127
mm (0.005)inch) or less is judged as a nonmetallic part.

® If intendefd to be mounted in service, the surface tefperature shall not exceed 90 °C (194 °F). See Table 49.1.

41 Stabijlity

41.1 Unfder all conditions of'servicing and intended use after installation, a fully assemblgd device shall
not become physically upstable to the degree that an injury to operators or service persopnel results. A
device intended to be secured in place is considered to comply with this requirement.

41.2 A device_shall not be energized during the stability test. The test shall be conducted under
conditiong favorable to causing the product to overturn. The following conditions shall be cdnsidered such
as to resultin\the least stability:

a) Position of all doors, drawers, casters, and other movable or adjustable parts, including that of
the supply cord resting on the surface supporting the device;

b) Connection of or omission of any attachment made available by or specified by the
manufacturer;

c) Provision of or omission of any normal load where the product is intended to contain a
mechanical load; and

d) Direction in which the device is tipped or the supporting surface is inclined.

41.3 With reference to 41.2(a), where casters are used only to transport the device and jacks are
lowered after installation, then the jacks — not the casters — shall be used in the most unfavorable position
for the test, consistent with reasonable leveling of the device.
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41.4 In conducting the stability test, the device shall be:
a) Placed on a plane inclined at an angle of 10° from the horizontal; or

b) Tipped through an angle of 10° from an at rest position on a horizontal plane.

41.5 With reference to the requirement in 41.4(b), for a device that is constructed so that while being
tipped through an angle of 10° a part or surface of the device not normally in contact with the horizontal
supporting surface touches the supporting surface before the device has been tipped through an angle of
10°, the tipping shall be continued until the surface or plane of the surface of the device originally in
contact with the horizontal supporting surface is at an angle of 10° from the horizontal supporting surface.

42 Mounting Means

42.1 A mounting means for a fixed device shall withstand the load test without permanent deformation,
breakage,|or cracking of the mounting supports.

42.2 When mounted as specified by the manufacturer, a device shall comply with the Mdunting Means
Test, Section 64.

43 Strength of Handles

43.1 A handle used to support or carry a device shall withstand a load of four times the|weight of the
device without damage to the handle, its securing means,)or that portion of the enclosurg to which the
handle is gttached. See Strength of Handles Test, Section 65.

44 Height of Coupling Means

44 .1 For|devices intended to be wall or_ceiling mounted, the installation instructions shgll contain the
statements in 77.5.

44.2 For|outdoor use, pedestal mounted devices, the pedestal shall be of such a length thpat the storage
means or|location of the coupling device (receptacle, EV connector, or EV receptacle) ig located at a
height betfveen 600 mm (24 inches) and 1.2 m (4 feet) above grade.

44.3 For|indoor use, pedestal mounted devices, the pedestal shall be of such a length that the storage
means or|location of:the coupling device (receptacle, EV connector, or EV receptacle) i located at a
height betiveen 450 mm (18 inches) and 1.2 m (4 feet) above grade.

PERFORIYIANCE

45 General

451 A representative sample of a device shall be subjected to the applicable tests described in Sections
46 — Section 71. Unless otherwise specified, all tests shall be conducted at the worst-case voltage
specified by the manufacturer.

45.2 Except as indicated in 45.3, a unit marked with a dual frequency rating such as 50/60 hertz or a
frequency range such as 50 — 60 hertz, shall have tests conducted at either frequency covered by the
marking.

45.3 For a unit marked with a dual frequency rating or a frequency range, the Input Test, Section 48,
Temperature Test, Section 49, and the Transformer Burnout Tests, Section 52, shall be conducted at the
lowest frequency.
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45.4 For each type of product or intended use as described in 6.1.3, 6.2.3, and 6.3.3 specific tests shall
be included as applicable. See Annex B for a list of applicable tests and sample requirements.

46 Leakage Current Test

46.1 Except as indicated in 46.2 and 46.3, a cord-connected device rated for a nominal 250-volt or less
supply shall be tested in accordance with 46.4 — 46.10. Leakage current shall not be more than 0.75 mA.

46.2 Conductive parts of a unit that complies with the following conditions and that have a leakage
current greater than 0.75 mA shall have a leakage current from simultaneously accessible parts to the
grounded supply conductor no greater than 3.5 mA. The leakage current between simultaneously
accessibl§ parts shall not exceed U.5 mA.

a)[The device requires electromagnetic interference (EMI) suppression filtering for compliance with
other requirements;

~

b)[The device is equipped with a grounding type supply cord and plug;

c)[There is a low probability that a path for available current through the body exists ip the expected
environment. When the available current flows to ground, this involves the probabilify that the user
is grounded during the use of the unit;

~

d)[There is a low probability that high leakage conductiveparts are contacted during normal use of
the unit; and

€)[The probability of injury resulting from an invaluntary reaction is small.

46.3 For a device that upon loss-of grounding, dependably disconnects all sources that prpduce leakage
current, the leakage current to ground shall notiexceed 5 mA with the grounding conductor{open and with
the loss-qf-grounding circuit disabled. The-eakage current between simultaneously accegsible parts on
the unit shall not be more than 5 mA.

46.4 All|accessible conductive surfaces shall be tested for leakage currents to determipe compliance
with 45.1.[Where surfaces are simultaneously accessible, they shall be tested:

a)|[Individually,
b)|Collectivelysconnected together) with the combined current measured to ground, and

c) Point-to=point on the device for leakage current between the simultaneously accessible surfaces.

Surfaces pre_simultaneously accessible when they are capable of being touched by one or Hoth hands of a
person at the same time. Accessible parts within a 100 by 200 mm (4 by 8 inches) rectangle are
simultaneously accessible to one hand. The rectangle shall be flexed or bent to closely conform to the
surface of the device. Accessible parts that are capable of being touched at the same time by the ends of a
string 1.8 m (6 ft) in length are simultaneously accessible to both hands. The grounding pin, blade, or
contact of an attachment plug is an accessible part.

46.5 When a conductive part other than metal is used for an enclosure or part of an enclosure, leakage
current shall be measured using a metal foil with an area of 100 by 200 mm (4 by 8 inches) in contact with
the surface. Where the conductive surface has an area less than 100 by 200 mm (4 by 8 inches) the metal
foil shall be the same size as the surface. The metal foil shall conform to the shape of the surface and shall
not remain in place long enough to affect the temperature of the unit.

46.6 Typical measurement circuits for leakage current with the ground connection open are illustrated in
Figure 46.1 and Figure 46.2. The measurement instrument is defined in Figure 46.3. The meter that is
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used for a measurement need only indicate the same numerical value for a particular measurement as
does the defined instrument; it need not have all the attributes of the defined instrument.

Figure 46.1

Leakage Current Measurement Circuit Used for Devices Intended for Connection to 120 V Circuits

MEASUREMENT
APPLIANCE INSTRUMENT

S2
@ S Ay F—r— = T

Sy L] GND
oo OPEN
A-4——B 1 INSULATING TABLE
—_ i
GROUNDED SUPPLY CONDUCTOR f
su1247
Figure 46:2
Leakage [Current Measurement Circuit Used for Devices Intended for Connection to 208 V or 240 V
Circuits
MEASUREMENT
N o . APPLIANCE INSTRUMENT
A i [} l__s,
() 2
¥ 120V
120V | 208V é i ° /‘i’_‘L L
s == S| g+ ==
o) 12;” Sy A 7 GND ]
oo—e I OPEN
A==—=B [INSULATING TABLE |
LC205A = = GROUNDED SUPPLY CONDUCTOR X

" Separated and used as clip when measuring currents from one part of the device to another.
* Probe with shielded lead

NOTES -

1) All voltages shown in Figure 46.1 and Figure 46.2 are nominal.

2) When it is not feasible to isolate the device from ground, the supply circuit shall be isolated from ground. It is then also sometimes
required to reverse the leads of the measurement instrument.
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Figure 46.3

Measurement Instrument for Reaction (Leakage) Current

Body Impedance Model Frequency Sensitive Network
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!
|
|
|
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1

S3263A

Note — Detalled specifications and guidance for the calibration of this instrument are given in Annex A, Ref. No. 66.

46.7 Un|ess the measurement instrument-is being used to measure leakage current fronp one part of a
device to |another, it shall be connected between accessible parts and the supply conductor connected to
ground (the grounded or grounding-conductor) that has the least extraneous voltages introduced from
other equjpment operated on the same supply. For products rated 120 volts or 240 volts, with one supply
conductor grounded, this is likely 1o be the grounded supply conductor.

46.8 When there is no grounded conductor connected to the device under test (for example, a 240-volt,
2-conductor product supplied by a 120/240 volt source), then the instrument return lead may be connected
to either the grounded*or grounding conductor of the supply depending on the other glectrical loads
connected to the branch circuit and operating at the time the test is conducted. Use [the conductor
introducing the-ieast extraneous voltage, as indicated by the lowest leakage current reading. In
environments\having significant extraneous voltage introduced, an isolating transformer reduces the
effects of extraneous voltages

46.9 A sample of a device shall be tested for leakage current starting with the as received condition — the
as received condition being without prior energization, except that which occur as part of the production-
line testing. The supply voltage shall be adjusted to rated voltage.

The test sequence shall be as follows, with reference to Figure 46.1 and Figure 46.2:

a) With switch S1 open, the device shall be connected to the measurement circuit. Leakage current
shall be measured using both positions of switch S2, and with the device switches in all their
normal operating positions.

b) Switch S1 shall then be closed, energizing the product. Within 5 seconds, the leakage current
shall be measured using both positions of switch S2 and with the product switch in all their normal
operating positions.
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c) Leakage current shall be monitored until thermal stabilization. Both positions of switch S2 shall
be used in determining this measurement. Thermal stabilization shall be obtained by operation as

int

he normal temperature test.

d) The leakage current shall also be monitored with switch S1 open while the device is at operating
temperature and while cooling.

46.10 A sample shall be subjected to the entire leakage current test, as specified in 46.9, without
interruption for other tests unless with the concurrence of those concerned, the tests are nondestructive

tests.

47 Leakage-GurrentTestFolHowingHumidity Gonditioning

471 Ac
current in 4
(90 +4 °F)

472 To

heated to
conditionir
under the
removed f

prd connected device rated 250 volts or less shall comply with the requiremeén
16.1, following exposure to air having a relative humidity of 88 +2 % at a temperatu

jetermine whether a unit complies with the requirement in 47.4, a’'sample of thg
a temperature just above 34 °C (93 °F) to reduce the risk of\condensation of m

conditions specified in 46.1. Immediately following the conditioning, the sarn
rom the humidity chamber and tested unenergized,as_described in 46.9(a). The

then be energized and tested as described in 46.9 (b) and«(c). The test shall be discontin

s for leakage
re of 32 +2 °C

unit shall be
pisture during

g. The heated sample shall be placed in the humidity chamber and shall remain for 48 hours

hple shall be
sample shall
ued when the

leakage cyrrent stabilizes or decreases.

48 Input) Test

48.1 Thqg input current to a device shall beimeasured with the device operating under|conditions of
maximum [rated load as described in 48.2. The current input shall not be more than 110 % of the rated
value.

48.2 Maximum rated load refers{ to"the rated output of the device. During this test, the EV supply
equipment shall be connected to a. variable resistive load set to draw the maximum rated optput from the
device.

49 Temperature Test

49.1 Under the conditions specified in 49.2, the device shall not reach a temperature at any point high
enough to|cause @ risk of fire, damage any material used, cause a protective device to operate, or exceed
the tempdrature limits specified in Table 49.1. During this test, the ambient temperaturg¢ shall be as
specified im49:S:

49.2 The device shall be loaded as indicated in 47.2, and additionally simulated ground fault currents
shall be applied. The simulated ground fault current shall be equal to 90 % of the trip setting employed with
the device.

49.3 For a fixed device, the ampacity of the conductors connected to the field wiring terminals or leads
shall be in accordance with the smallest conductor allowed by the National Installation Codes in Annex A,
Ref. No. 1.

49.4 A device intended for mounting or support in more than one position, or in a confined location, shall
be tested in a manner representing the most severe conditions. An adjacent mounting or supporting
surface shall consist of 1-inch thick trade size soft pine boards.
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Table 49.1
Temperature Limits

Materials and Components °C (°F)
A. COMPONENTS
1. Capacitors:
a. Electrolytic types 65° (149)°
b. Other than electrolytic 90° (194)°
2. Field wiring terminals 75¢ (167)°
3. Vulcanized fiber employed as electric insulation 20 (194)
4. Relgys, solenoids, and similar devices
3. Class 105 coil insulation systems:
Thermocouple method 90° (194)?
Resistance method 10 (203)
Iy. Class 130 coil insulation systems:
Thermocouple method 1102 (230)?
Resistance method 120 (248)
5. Trarpsformer insulation systems:
3. Class 105:
Thermocouple method 907 (194)?
Resistance method 95 (203)
. Class 130:
Thermocouple method 1102 (230)?
Resistance method 120 (248)
. Class 155:
Thermocouple method 1352 (275)?
Resistance method 140 (284)
d. Class 180:
Thermocouple method 1502 (302)?
Resistance method 160 (320)
¢. Class 200:
Thermogcouple method 165° (329)%
Resistance method 175 (347)
f| Class 220:
Thermocouple method 1802 (356)?
Resistance method 190 (374)
6. Phenolic composition employed as electrical insulation or as a part the deterioration 1504 (302)4
of which results in a risk of fire or electric shock
7. Rubber- or thermoplastic-insulated wire and cord 60¢9° (140)%°
8. Other types of insulated wires f f
9. A surface upon which a portable unit is mounted in service, and surfaces that are 90 (194)
adjacent to the unit when so mounted
10. Any point on or within a terminal box or compartment of a fixed unit on which field- 60° (140)°
installed conductors rests
11. Thermoplastic sealing compound g g
12. Selenium rectifier 7599 (167)

Table 49.1 Continued on Next Page
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Table 49.1 Continued

Materials and Components °C (°F)

13. Power semiconductor h h
14. Printed-wiring board i i

@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature measured by
means of a thermocouple is not prohibited from being 5 °C (9 °F) higher than that specified when the temperature of the coil as
measured by the resistance method is not more than that specified.

b A capacitor that operates at a temperature of more than 65 °C (149 °F) for electrolytic and more than 90 °C (194 °F) for other
types is not prohibited from being judged on the basis of its marked temperature limit.

¢ The temperature observed on the terminals and at points within a terminal box of a unit shall not attain a temperature higher than
the temperature marking required in items p and q of 76 3

9 The temp¢rature limitations on phenolic composition and on rubber and thermoplastic insulation do not apply.ta g compound that
has heat-repistant properties in accordance with Annex A, Ref. No. 57.

¢ A short lemgth of rubber- or thermoplastic-insulated cord inside the unit is exposed to a temperature of more than 0 °C (140 °F)
when supplementary insulation on each individual conductor is rated for the measured temperature andshas dielecfric properties in
accordancg with Annex A, Ref. No. 14 and No. 57.

fThe tempgrature is not to exceed the temperature limit of the wire except as noted in note e.

9 The sealirf]g compound temperature limit is 15 °C (27 °F) less than the softening point of thé\cempound as deternfined in
accordancg with Annex A, Ref. No. 58.

" For a powpr-switching semiconductor and similar components the temperature limit 6rjthe case is the maximum gase
temperaturg specified by the semiconductor manufacturer.

"For a printed wiring board, the temperature limit is the specified limit of the beard,

49.5 Unless investigated and found to meet the intent of\the requirement, a supporting megns formed of
rubber or heoprene material shall be removed prior to-the test. Where the supporting means has a metal
insert, sugh as a screw or rivet, the test shall be conducted with the device supported by th¢ metal insert.
At the requiest of the manufacturer, the test may beconducted without any means of support.

49.6 A thermocouple junction and the adjacent thermocouple lead wires shall be held seg¢urely in good
thermal contact with the surface of whieh the temperature is being measured. Usually, [good thermal
contact repults from securely taping or-cementing the thermocouple in place. Where a metal surface is
involved, Qrazing or soldering the thermocouple to the metal shall be done when required forfgood thermal
contact.

49.7 Coi| and winding temperatures shall be measured by thermocouples located on expgsed surfaces,
except that the resistanee method is an alternate method for a coil that is inaccessible| for mounting
thermocoyples, such™~as a coil immersed in sealing compound, wrapped with thermal |insulation, or
wrapped With mare_than two layers of material such as cotton, paper, or rayon more than [0.8 mm (1/32
inch) thick

49.8 The temperature of a winding shall be determined by the resistance method by comparing the
resistance of the winding at a temperature to be determined with the resistance at a known temperature
according to the formula:

R
T=—(k+tt)—k
r
in which:
T is the temperature of the winding in °C;
R is the resistance of the coil at the end of the test in ohms;

ris the resistance of the coil at the beginning of the test in ohms;
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tis the room temperature in °C at the beginning of the test; and

kis 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of the constant for
other conductors shall be determined.

The winding shall be at room temperature at the start of the test.

49.9 The values shown in Table 49.1 are the ultimate limits that shall be obtained during the temperature
test. The test can be performed at any ambient temperature in the range of 10 °C — 40 °C (50 °F — 104 °F).

49.10 When a device is rated for an ambient temperature higher than 25 °C (77 °F), the rating shall be

indicated

49.11
AWG (0.0
common

iron and d
thermoco
in accord
for specia
Annex A,

4912 A
intervals
continued

50 Capacitor Discharge Test

50.1 In

50.2 Th

connected to a suitable load such that rated current is drawn from the output of the dev

oscillosco
50.3 Th
condition.

capacitor

In Mexicol

Thermocouples shall consist of wires not larger than 24 AWG (0.21 mm?) apd.not s

primary cz

o . . 4 i ' TIPSR
I UIce mstruCuort marudr i accorddrice witlt 79.o(11).

5 mm?). When thermocouples are used in determining temperatures in electrical ¢
bractice to employ a temperature-indicating instrument with thermocouples consist
onstantan wire. Such equipment shall be used whenever referee temperature me
Liples are required. The thermocouples and related instruments-shall be accurate
hnce with good laboratory practice. The thermocouple wire shall conform with the
| thermocouples as listed in the Tolerances on Initial ValuesofEMF versus Tempe
Ref. No. 59.

temperature shall be determined to be constant when three successive reag
bf 10 % of the previously elapsed duration of the test, but not less than 15 minut
rise.

ccordance with 9.3.1, a cord connected device that is provided with filtering capa
pacitors, shall comply with this test.

b device shall be connected to a supply source of rated voltage at 60 Hz. The ¢
pe shall be conneeted'across the point of disconnection of the supply.
b device shalltbe connected to the source of supply and energized with the outp

The powér-shall then be removed and the resulting discharge curve for the stg
5 shall be measured and captured on the oscilloscope.

maller than 30
quipment, it is
ng of 30 AWG
hsurements by
and calibrated

requirements
ature tables in

ings taken at

Bs, indicate no

citors, or other

utput shall be
ice. A storage

ut open circuit
red charge on

% of its initial

and the United States, the value of the stored charge shall decay to less than 37

value with

In T second.

In Canada, the measured voltage shall be less than 42.4 V after 2 seconds.

50.4 The test shall be repeated with all switches in all possible positions and combinations.

51 Dielectric Voltage Withstand Test

511 Ge

51.1.1

neral

The test potential mentioned in 51.3.1 and 51.4.1 shall be obtained from any convenient source

having a capacity of at least 500 volt-amperes. A lower capacity is allowed when a meter is located in the
output circuit, and the test potential is maintained except in case of breakdown. The voltage of the source
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shall be continuously adjustable. Starting at zero, the applied potential shall be increased at a rate of 200
volts per second until the required test value is reached.

51.1.2 When a direct current potential is used for an ac circuit, a test potential of 1.414 times the
applicable rms value of alternating current voltage specified in 51.3.1 and 51.4.1 shall be applied.

51.1.3 Printed-wiring assemblies and other electronic-circuit components that are damaged by
application of the test potential or that short-circuit the test potential shall be removed, disconnected, or
otherwise rendered inoperative before the dielectric voltage-withstand tests are made. Testing for a
representative subassembly is an alternative to testing an entire device. Semiconductor devices in the
overall device shall be individually shunted before the test is made to avoid destroying them in the case of
a malfuncfomretsewhererthe secondary circuits:

51.2 Maximum voltage measurements

51.2.1 The maximum voltage used as a basis for the calculation of the dielectric voltage-ithstand test
potentials [ specified in 51.3.1 and 51.4.1 and determination of the minimum spacingsg specified in
Spacings, |Section 22, shall be determined in accordance with 51.2.2 and §4.2.3.

51.2.2 A|connector or comparable part that is capable of being dis¢onnected during intended operation
shall be bgth connected and disconnected during the test so that.the maximum voltage is obfained.

51.2.3 Where a complex voltage is present, the peak value. of the voltage shall be measpred, and this
value shall be used for calculation of the dielectric voltage-withstand potential and deternjination of the
minimum gpacings. For a sinusoidal or a direct currentvoltage, the rms or average valuep respectively
shall be measured.

51.3 ACjand DC power circuits (primary)

51.3.1 Ekcept as indicated in 51.3.2, the-ac and dc power circuits of a device shall withstand for 1 minute
without breakdown the application-of\a 60 hertz sinusoidal potential with the device at the maximum
operating femperature:

a) One thousand volts-plus twice the maximum rated voltage between
1) The primary circuit and dead metal parts,
2) The‘primary and secondary circuits, and

3)All secondary windings, including any ferro-resonant windings.

b) Five hundred volts between a secondary circuit operating at 50 volts or less and dead metal
parts; 1000 volts plus twice the maximum rated secondary circuit voltage between a secondary
circuit, including any ferro-resonant windings, operating at more than 50 volts and dead metal
parts.

c) One thousand volts plus the rated voltage of a capacitor between the terminals of a capacitor
used for radio-interference elimination or arc suppression.

51.3.2 A dc circuit having a potential of 30 volts or less is not required to be tested.

51.3.3 With reference to 51.3.1, the test potential between ac power circuits and dead metal parts shall
be based on the phase-to-ground voltage rating. The test potential for other points involving the ac power
circuit shall be based on the highest operating voltage of the circuits involved.
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51.4 Secondary circuits

51.4.1 Each secondary circuit, other than a power circuit covered in 51.3.1, shall withstand for 1 minute
without breakdown the application of a test potential between primary and secondary circuits, between
secondary circuits and grounded metal with grounding connections, where present, disconnected, and
between isolated secondary windings of transformers. The device shall be at operating temperature during
the test. The test potential shall be as indicated in Table 51.1.

Table 51.1
Magnitude of Test Potential for Secondary Circuits

Maximum voltage in the circuit®® Test potential
30 (42.4 pgak), 60 dc, or less No test
More than 30 (42.4 peak) but not more than 333.3 (471.3 peak) | Ten times maximum voltage in circuit (Maximurn of 1000 volts
or more than 60 dc rms)
More than 333.3 (471.3 peak but not more than 1000 (1414 Three times maximum voltage in circuit
peak)
More than [1000 (1414 peak) 1750 volts plus 1.25 times voltage in circuit

@ Where thp peak voltage is greater than 120 % of 1.414 times the rms voltage, the cifcuit shall be tested as if the yoltage were
peak voltage divided by 1.414.

® Values are rms unless otherwise indicated.

51.5 Induced potential

51.5.1 When an isolating power transformer waives the test outlined in Transformer burnjout test, 52.2,
because |t is protected by the intended branch>circuit protection device, the following tegt described in
51.5.2 — §1.5.5 shall be conducted.

51.56.2 The primary winding of the transformer shall be subjected to an alternating potent|al of twice the
rated voltage with the ends of all otherwindings opened. The potential shall be applied for 200 cycles or
for 60 sedonds, whichever is less, A-sinusoidal source shall be used, and the frequency of the service shall
be in the fange of 120 — 1000 hertz where required to prevent saturation of the core.

51.56.3 Rrimary- and secondary-circuit wiring connected to the transformer shall be disconnected for this
test.

51.5.4 A 3 phase’transformer may be tested with a single phase voltage. The voltagg mentioned in
51.5.2 ShT” be applied successively across each primary winding.

51.5.5 While in the heated condition obtained during the transformer overload test, the test voltage
required in 51.5.2 shall be initiated at one-fourth or less of the full value and brought up gradually to the full
value in not more than 15 seconds. After being held for the time specified, the voltage shall be reduced
slowly, but within 5 seconds, to one-fourth of the maximum value or less, and the circuit opened. The
results meet the intent of the requirement when there is no dielectric breakdown.

52 Abnormal Tests
52.1 General

52.1.1 A device shall not emit flame or molten metal or become a risk of fire, electric shock, or injury to
persons — see 52.1.3 — when subjected to the tests specified in 52.2 — 52.9. Separate samples shall be
used for conducting these tests.
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52.1.2 Following each test, a dielectric voltage-withstand test specified in Section 51 shall be conducted.
The potential shall be applied across the points indicated in 51.3.1.

Conducting more than one abnormal test on a sample and then performing the dielectric voltage-withstand
test after completion of the abnormal tests for that sample is allowed if agreed to by all parties.

5213 A

risk of fire, electric shock, or injury to persons exists when:

a) Flame, burning oil, or molten metal is emitted from the enclosure of the device as evidenced by

ign
b)

The insulation breaks down when tested in accordance with 52 1 2 ar live p

ition, glowing, or charring of the cheesecloth or tissue paper, or

rts are made

acq

5214 D

paper, andl a single layer of cheesecloth shall be draped loosely over the entire”enclosu

impractica|
openings.
pound), arf
other direq
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5216 E
the size of
does not g
rating sha
45.3.

5217 W
protection

5218 T
ground fug

5219 E
significant
test, the te

essible;

Lring these tests the device shall be placed on a softwood surface covered-with

to drape the entire device, cheesecloth is required to be placéd)only over
The cheesecloth shall be untreated cotton cloth running 26 — 28/m?/kg (14 —
d having, for any cm? (square inch), a count of 5 (32) threads in‘orfe direction and
tion.

which equals 125 % of the input current rating (20-ampere minimum), except wh
| be used. The test voltage and frequéncy shall be adjusted to the values spec
hen a marking on the product indicates a specific branch circuit protection
shall be used.

ne enclosure of thetdevice shall be connected directly to ground for these tests
e.

ach test shall*be continued until further change as a result of the test conditi
y (e.g., temperatures have stabilized). When an automatically reset protector fung

shall be

continued until the protector is operated for 10 cycles using the minimum resetting
faster thawwmmmmmammmm:

st shallbe continued for 7 hours. When a manual reset protector functions during

A white tissue
e. When it is
all ventilation
15 yards per
4.3 (28) in the

br a device having supporting feet made of rubber or nedprene material, the requifement in 49.5
shall apply.

xcept as indicated in 52.1.7, the supply circuit shall have branch circuit overcurrgnt protection,

ere this value

orrespond with the Standard rating of a fuse or circuit breaker, the next higher Standard device

fied in 45.1 —

rating, such

hrough a 3 A
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tions during a
h test, the test
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a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid state
devices, printed wiring board traces, or similar devices.

b) Opening of the intended branch circuit overcurrent protection device described in 52.1.6 — see
52.1.10.

c) Opening of an internal fuse or the 3 A fuse.

52.1.10 With reference to 52.1.9(b), when the branch circuit overcurrent protection device terminates the

test, the in

struction manual shall contain the information specified in 76.3(s).
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52.2 Transformer burnout test

52.2.1 Except as indicated in 52.2.2 — 52.2.9, an adjustable resistive load shall be connected directly to
the secondary winding of each transformer and adjusted to result in the load condition described in (a), (b),
or (c) below. Opening of the intended branch circuit overcurrent protection device described in 52.1.6 or an
internal overcurrent protection device connected in the primary-winding circuit is an example of when this
test is terminated.

a) For a transformer having a single isolated secondary winding, the load shall be adjusted to result
in maximum volt-ampere output but not result in more than three times the maximum normal
alternating current to flow in the primary winding.

b)|For a transformer having multiple isolated secondary windings, each secondary-winding shall be
tested separately; that is, with the winding under test loaded with an alternating, current equal to
thiee times the rms value of the secondary current flowing through that winding during maximum
normal operation of the device and the other isolated windings, each loaded with|an alternating
current equal to the rms value of the secondary current flowing through their respgctive windings
during maximum normal operation of the device.

c)|For an autotransformer, the conditions specified in (a) shall\be used with the $upply voltage
connected to the outer input legs and the load resistor connected to the outer output legs. See
Figure 52.1.

52.2.2 A transformer supplied from either an inverter cirCuit'or other means limiting the|current to the
transformer to less than three times rated current shallxbe loaded to a condition resulting in maximum
obtainablé input current without operation of overcurrent protection devices, where any are gresent.

52.2.3 A transformer employed in a switch-mode’ inverter or converter circuit shall be sybjected to the
transformpr overload test described in 52.3.5 in‘lieu of the transformer burnout test.

52.2.4 Any transformer, including a ‘control circuit transformer or a power transformer used for the
transfer of either the input or output\power of the device, and having overcurrent protection described in
28.4.3, is hot required to comply with/52.2.1.

52.2.5 A transformer thatis,'protected by the intended branch circuit protection device that is sized in
accordange with the requirements in 28.4.3 and is provided in a device marked in accordange with 76.3(s)
is not requiired to comply.with 52.2.1. See 52.1.10.

52.2.6 An isolating power transformer used for the transfer of either the input or outpuf power of the
device shgall comply with Annex A, Ref. No. 60 or Ref. No. 61, and shall be subjected to the transformer
overload jand) induced potential tests described in 51.5.1 — 51.5.5 and 52.3.1 — 52.3.4(in lieu of the
transformer burnout test.

52.2.7 Inlieu of the transformer burnout test, a transformer may be subjected to the transformer overload
and induced potential tests described in 51.5.1 —51.5.5 and 52.3.1 — 52.3.4.

52.2.8 An isolating power transformer used for the transfer of either the input or output power of the
device complying with the requirements in either of the following Standards is not required to comply with
52.2.1:

a) Annex A, Ref. No. 49 and Ref. No. 50,

b) Annex A, Ref. No. 51.
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52.2.9 A signal or gate-drive transformer that is rated 10 watts or less and having a secondary circuit that
does not extend out of the device is not required to comply with 52.2.1.

52.2.10 A ferro-resonant transformer shall be tested in accordance with 52.2.1 with the secondary
winding loaded to maximum input current. The transformer shall be operated continuously until ultimate
conditions are observed.

52.2.11 During the tests described in 52.2.1 and 51.2.2, secondary circuit protective devices that are
external to the transformer shall be bypassed. Primary circuit protective devices shall be left in the circuit.

Figure 52 1

Autotransformer Burnout Test

- .
% g Load

Supply

Voltage

S3512

NOTE — See|51.2.1(c) for desgription of test.

52.3 Trapsformeroverload test

52.3.1 hen an isolating power transformer is to be tested in accordance with 52.2.7, the tests
described in 52.3.2 — 52.3.4 shall be conducted. When a transformer employed in a switch-mode inverter
or converter circuit is to be tested in accordance with 52.2.3, the test described in 52.3.5 shall be
conducted.

52.3.2 A resistive load shall be connected directly to each transformer secondary winding and adjusted
to a value so each secondary winding carries 50 % of rated load until temperatures of the transformer core
become stabilized. The load shall then be increased to 200 % of the rated value; no further adjustment of
the overload current shall be made. The duration of the overload shall be as specified in Table 52.1. The
short circuit method as described in Annex A, Ref. No. 62 is one method used to obtain the 200 % of rated
load current. Where the short-circuit test method is used, all secondary windings shall be shorted and the
voltage applied to the primary windings shall be adjusted to result in rated current to flow in the secondary
windings.
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Table 52.1
Overload Test Times
Insulation class Overload time, minutes
105 30
130 30
155 30
180 26
200 23
220 20
52.3.3 With reference to the requirement in 52.3.2, testing of a transformer rated more than 500 kilovolt-
amperes |s not required when the test has already been performed with results that meet the intent of the
requiremgnt on a smaller transformer rated not less than 500 kilovolt-amperés, when the smaller
transformer has the same insulation system and same general construction as the’larger transformer, and
the tempgratures recorded during the temperature test are no greater for the larger transformer than those
recorded fduring the temperature test for the smaller transformer.
52.3.4 Within 1 hour following the overload test, the transformer shall. perform as intended in a repeated
dielectric voltage-withstand test, except that the test value shall be, at65 % of value specifig¢d in Dielectric

Voltage-V

52.3.5 H

ithstand Test, Section 51, and the induced potential testydescribed in 51.5.1 — 51.4

or a transformer employed in a switch-mode .inverter or converter circuit, the

supplied by the transformer shall be connected to a resistive load that draws maximum obf

.5,

power circuit

ainable output

tion circuit or

requirement in

e device shall

power without causing operation of internal overcdrrent protection devices or a proteg

resulting in opening of a circuit component such as:a diode, resistor, sold state device, or sinmilar device.
52.4 Shprt circuit test

52.4.1 The device shall be tested as described in 52.4.2. The device shall comply with the

52.1.1.

52.4.2 With reference to 524.1, fuses and other protective devices provided as part of tf

remain in the circuit. The\.output connections of the device shall be short-circuited a

connected to a sourceof'supply adjusted to its highest test voltage. The test shall be conf

internal p
automatig
protector
52.5 Ca

52.5.1

otection opens, constant temperatures are attained, or the transformer winding o
ally reset\protector is provided, the test shall be continued for 7 hours. When a
s provided the test shall be continued until the protector operates for 50 cycles.

hd the device
inued until the
ens. When an
manually reset

pacitor fault test

Where required by 27.1.6, a device having a bottom-ventilated enclosure containing oil-filled

capacitors shall be subjected to the performance tests specified for protected, oil-filled capacitors in Annex
A, Ref. No. 38. These tests shall be conducted with the capacitors mounted in the device enclosure as
intended, and oil leakage from the capacitors passing through the enclosure, where present, shall be
extinguished — see 52.1.3(a).

52.6 Fo

52.6.1

rced ventilation test

A device having forced ventilation shall be operated with the fan disconnected. For a device

having more than one fan, the test shall be conducted with each fan disconnected, one at a time, or with
two or more fans disconnected if they are controlled or powered by the same connection.
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52.6.2 A device having filters over ventilation openings shall be operated with the openings blocked to
represent clogged filters. The test shall be conducted initially with the ventilation openings blocked 50 %,
shall then be repeated under fully blocked condition.

52.7 Component fault tests

52.7.1 A component, such as a capacitor, diode, solid state device, or similar device, connected in the
input and output power circuits shall be short- or open-circuited, any two terminals one at a time, during
any condition of operation including start-up. This test is not required:

a) Where circuit analysis indicates that no other component or portion of the circuit is overloaded.

b) For electromagnetic radio frequency interference capacitors subjected to the dielgectric voltage-
withstand test across their terminals in accordance with 51.3.1, resistors, transformérs, inductors,
and optical isolators.

52.8 Elettrolytic capacitor fault test

52.8.1 Ekcept as noted in 52.8.2, for a device having dc electrolytic storage capacitors operating above
60 V dc, the fault test described in 52.8.3 shall be conducted.

52.8.2 This requirement does not apply to a capacitor that complies with the requirements in Annex A,
Ref. No. 38. The capacitor shall have an available fault currentirating of 10,000 amperes or|a lower value
where a cifcuit analysis indicates that because of a seriesimpedance, the lower value is applicable.

52.8.3 With reference to the requirement in 52.8.1,"a fault in one of the capacitors in the storage
capacitor bank shall be simulated. This shall be accomplished by connecting the capacitof under test in
reverse while the input ac supply to the device.is’not energized. The device shall then be ¢nergized and
operated as in normal operation.

52.9 Vibration test

52.9.1 Ap EV cord set shall be subjected to the vibration test described in 52.9.2. After the fest:
a) The device shall.cemply with the requirements in 52.1.1;
b) There shall beino loosening of parts, and

c¢) The device shall operate normally.

52.9.2 Thewibration test shall consist of vibration for 48 hours at a frequency of 22 cyclgs per second
with a displacement of 6.4 mm (1/4 inch) in a vertical plane. The device shall be mounted as intended
during the test.

53 Flanged Bobbin Transformer Abnormal Test

53.1 Except as indicated in 53.2 and 53.3, a flanged bobbin transformer required to be tested as
provided in 29.2.4(c) — also see 29.2.7 — shall operate for 15 days with the secondary winding or windings
loaded to the conditions described below in (a) — (c). A risk of fire or electric shock shall not result from:

a) Short-circuiting the secondary winding;

b) Loading the secondary winding to a current equal to maximum normal current plus X % of the
difference between the short-circuit current and the rated current - where X equals 75, 50, 25, 20,
15, 10, and 5, respectively; and
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c¢) Loading the secondary winding to maximum normal current.

53.2 A flanged bobbin transformer used in a circuit where isolation is not required or where the
secondary circuit does not extend out of the device — see 29.1.3 — is not required to be subjected to this
test.

53.3 A transformer complies with this requirement when it complies with the requirements in either of the
following:

a) Annex A, Ref. No. 49 and Ref. No. 50.

b) nnex A _Ref No 51
53.4 The results of the test do not meet the intent of the requirement when the cheese¢loth glows, or
flames, is|charred or a breakdown occurs when the test described in 53.6 is conducted:
53.5 Samples for the 15-day abnormal operation tests shall be prepared asfollows:
a)| The transformer shall be mounted either in the device enelosure as intended under the
cohditions described in 52.1.4 or on a test bench with the chegsecloth mentioned in[52.1.4 draped
over the transformer.
b)| All secondary windings shall be loaded to rated_current before the abnormal condition is
introduced, and the loads, other than that connected:to the winding to be overloaddd, shall not be

readjusted thereafter.

53.6 WH
dielectric
dielectric
the abnor

53.7 Th

external protective device used with the transformer in the device connected in either

secondar
abnormal

53.8 Fo
that is usq

53.9 Fo

ile still in a heated condition from the tests-described in 53.1, a transformer shal
voltage-withstand test applied between*the primary winding and the secondary
voltage-withstand-test potential shall\be applied to the transformer 1 minute after
Mmal-operation test.

b abnormal tests shall be . cenducted with a protective device built into the transfor

circuit, or in both. A\protective device that is relied upon to open the circuit as
test shall be one that-has been investigated and found to meet the intent of the reg

the purpose. of‘these requirements, each secondary winding tap and each primg
d to supplypower to a load in the device is the equivalent of a secondary winding.

the sequence of tests described in 53.1, when an abnormal-operation test contind

without a

withstand the
winding. The
completion of

mer or with an
he primary or
a result of an
uirement.

ry winding tap

es for 15 days

winding or a protective device opening, the remaining tests are not required to be ¢

onducted. For

example, when the test described in 53.1(a) continues for 15 days, the tests described in 53.1 (b) and (c)
are not required to be conducted.

53.10 To determine whether a transformer complies with the requirement in 53.1, three separate
samples shall be subjected to each condition described in 53.1 (a) — (c¢). For a transformer that employs
more than one secondary winding, each of the secondary windings shall be loaded for each condition
specified in 53.1 with the other windings loaded to rated current. The test conditions shall be as described
in 53.11 — 53.16.

53.11 To determine the short-circuit current value for conducting the tests described in 53.1(b), the
transformer shall be at room temperature at the beginning of the measurement, and the short-circuit
current shall be measured 1 minute after the voltage is applied to the primary winding. A protective device
outside the transformer, where provided by the manufacturer, shall be short-circuited during the
measurement of the short-circuit current. When the line fuse or transformer winding opens within 1 minute
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after the application of the primary voltage, the short-circuit current is that value recorded just before the
line fuse or winding opens. The short-circuit current of any one winding shall be measured with the other
secondary windings open-circuited.

53.12 Except as indicated in 53.13, for the loading conditions, a variable resistor shall be connected
across the secondary winding. Each test described in 53.1 (a) — (c) shall be continued until a risk of fire
develops, the 3-ampere fuse opens, a winding of the transformer or a protective device opens, or 15 days
have passed. In conducting the tests described in 53.1 (a) — (c), the variable resistance load shall be
adjusted to the required value as quickly as possible and readjusted, where required, 1 minute after

voltage is applied to the primary winding.

53.13 Fq
connected

5314 W
then the n
variable Ig
burn out.

53.15 Fd
tested in

discontinu
started. Th
replaceab

53.16 W
abnormal-
samples s|
winding of
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shall be cg

raswitch-modetransformer ,thetoad—shat-beconmectedtotheoutput of the
to the transformer.

ext test in the sequence described in 53.1 (b) and (c) that continues for 15 days
ad resistor reduced to zero impedance at the end of the 15 days™to-cause the f

r a transformer that is provided with a protective device builtinto the transformer @

ed when the protective device opens the circuit, and.the next test in the sequ
e protective device mentioned above includes automatic recycling type, manual rq
e type.

hen a protective device opens the circuit 6@ winding on any sample opens duri
bperation tests while the samples aretunattended, the variable resistor load
hall be increased, by reducing the resistance, until the protective device opens thg
ens, so that the samples are subjected to the dielectric voltage-withstand test des
heated condition. The next test in the sequence in 53.1 (b) and (c) that continue
nducted.

54 Strain Relief Tests

conjunction with an external protective device, a test<described in 53.1 (a) +

power supply

nen short-circuiting the secondary winding causes one of the windings to open bgfore 15 days,

thall have the
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cribed in 53.6
s for 15 days

54.1 General
54.1.1 The following-ests apply to the flexible power cord connection to the EV supply equipment.
54.1.2 All of.the tests can be performed on the same sample, but each test is performed ong at a time.

54.1.3 The internal connections shall be disconnected or cut prior to the tests in 54.2 and 54.3.

54.2 Pul

54.2.1

| strain relief test

After the test outlined in 54.2.2, the flexible power cord shall not have been longitudinally

displaced by more than 2 mm (0.08 inch), nor shall there be any indication of strain at the connections due
to displacement of the cord, and spacings shall not be reduced, as described in Spacings, Section 22.

54.2.2 The flexible power cord shall be subjected to a steady pull of 150 N (35 pounds force), applied in

the most u

nfavorable direction for a period of 1 minute.

54.2.3 During the test, the flexible power cord shall not be damaged as verified by visual inspection.
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54.2.4 A wiring lead intended for field wiring connection shall withstand without damage or displacement
a direct pull of 89 N (20 pounds) for 1 minute applied to a lead extending from the enclosure and 45 N (10

pounds) for 1 minute applied to a lead within a wiring compartment.

54.3 Push back strain relief test

54.3.1

A flexible power cord shall be tested in accordance with 54.3.2 without occurrence of mechanical

damage to the flexible power cord, exposure of the cord to temperatures higher than the temperature
rating of the cord, or reduction of spacings in accordance with Spacings, Section 22.

54.3.2 The flexible power cord shall be held 25.4 mm (1 inch) from the point where the flexible power

cord emg
removabl
test. Whe
holding th
incremen
product €
flexible pq

55 EVQ

55.1 EV|
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After this
jacket of
specified
live parts,

55.2 Th
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right anglq
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incremen
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554 At

Fges from the product and an attempt shall be made to push it back into the-d
e bushing that extends further than 25.4 mm (1 inch) is present, it shall be remo¥
h the bushing is an integral part of the flexible power cord, then the test shall 'be
e bushing. The flexible power cord shall be pushed back into the productin 25,
s until the flexible power cord buckles or the force to push the flexible power
xceeds 26.7 N (6 Ibf) in Mexico and the United States, or 45 N0’ pounds) in
wer cord within the product shall be manipulated to determine cempliance with 54/

able Secureness Test

bvice. When a
ed prior to the
carried out by
4 mm (1 inch)
cord into the
Canada. The
3.1.

cables provided with EV supply equipment, and pertanently attached to this equipment, or EV

pvided with EV plugs or EV connectors, shall be subjected to the test outlined i
est, there shall be no axial displacement of the‘supply conductors, conductor insu
he EV cable from the assembled condition €xceeding the maximum allowed di
n Table 55.1. In addition, there shall be no“evidence of damage to the EV cable, th
the strain relief means, or the grounding'path integrity.

b device shall be assembled as intended onto a 300 mm (12 inch), or longer, lengt
ctors positioned as if the conductors were to be connected to the terminals. Sq
ware shall be tightened accérding to the manufacturer’s instructions. The cable s
b to its major axis but not'stripped.

b cable clamp shalkbe held firmly in place. A force equivalent to the pressure o
) times the cross-sectional area of the EV cable [rounded up to the nearest
], but not lessithan 156 N (35 Ibs), shall be applied gradually to the EV cable at 2
mm (6 inches) from the cable grip in a direction perpendicular to the plane of the

he cabl€. The force shall be applied and sustained for one minute.

N 55.2 — 55.4.
ation, or outer
splacement as
e enclosure of

h of cable with
rews, nuts, or
hall be cut at a

1.034 N/mm?
222 N (5 Ib)
point not less
bpening and in
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brque’shall also be applied to the EV cable at a point 150 mm (6 inches) from th
bte-55-4F i X ectior ‘ I I 'En.

Table 55.1
Cable Secureness Test Values

cable grip as

Torque Maximum displacement
Device rating amperes N-m (ft-lb) mm (inches)
15 0.41(0.3) 2.38 (3/32)
16 — 20 0.54 (0.4) 2.38 (3/32)
21-35 0.68 (0.5) 2.38 (3/32)

Table 55.1 Continued on Next Page
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Table 55.1 Continued

Torque Maximum displacement
Device rating amperes N-m (ft-1b) mm (inches)
36-70 1.4 (1.0) 2.38 (3/32)
71-125 2.7 (2.0) 2.38 (3/32)
126 — 200 5.4 (4.0) 2.38 (3/32)
201 — 400 10.8 (8.0) 4.76 (3/16)
401 — 800 16.3 (12.0) 4.76 (3/16)

56 Grouhding Tests
56.1 Grqund impedance test
and the metal part that is required to be bonded to ground shall not be more than 0.1 ohm when measured

in accordgnce with 56.1.2. The resistance of the equipment grounding €onductor of a power supply cord
shall not be included in the resistance measurement.

56.1.1 The impedance at 60 hertz between the point of connection of the equipment—groInding means

56.1.2 Cpmpliance with 56.1.1 shall be determined by passing.a current of 25 amperes derived from a
60 hertz spurce with a no-load voltage not exceeding 6 volts between the following points and measuring
the voltage across these points: the equipment groundingcconnection and the metal part in qiestion.

56.1.3 In Canada, the above test shall be performed.in accordance with 4.1 of Annex A, Ref. No. 63. In
Mexico and the United States, this requirement does not apply.

56.2 Grqund continuity test

56.2.1 The ground path for EV supply equipment provided with a permanently attached| length of EV
cable shall be continuous when fequired for grounding of the vehicle. Compliance is ¢getermined in
accordange with the testin 56.2.2.

56.2.2 The ground path(fom the main ground terminal of the EV supply equipment to the|ground pin at
the EV copnector shallthe connected in series with an ac or dc source of voltage less thah 30 V, and a
means of jndicatingsan unbroken circuit (e.g., an incandescent lamp, a bell, a buzzer). Operation of the
indicator shall be évidence of continuity of the ground path under test.

57 Impact Test

57.1 After the test described in 57.2 — 57.5, there shall not be any cracking, breakage, or deformation of
the enclosure to the extent that results in making uninsulated live parts or internal wiring accessible to
contact in accordance with Protection of Users — Accessibility and User Servicing, Section 8.

57.2 A solid, smooth steel sphere, 50.8 mm (2 inches) in diameter, and weighing approximately 0.54 kg
(1.18 pounds), shall fall freely from rest through a vertical distance in accordance with 57.5 onto the
enclosure as shown in Figure 57.1.

57.3 Except as indicated in 57.4, for surfaces other than the top of the enclosure, the sphere specified in
57.2 shall be suspended by a cord and shall fall as a pendulum dropping a vertical distance in accordance
with 57.5 as shown in Figure 57.2. The enclosure shall be placed so that the surface tested is vertical and
in the same vertical plane as the point of support for the pendulum. Parts of the enclosure that could
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interfere with the cord of the pendulum shall be removed. During the test, the enclosure shall be placed
against a vertical wall.

57.4 A horizontal impact on vertical or sloping surfaces may be performed in place of the pendulum
impact in 57.2, by mounting the sample at 90° to its normal position and applying the vertical impact test
from 57.2.

57.5 The vertical distance mentioned in 57.2 and 57.3 shall be 1.3 m (51 inches). In Canada, if a surface
area is greater than 25800 mm? (40 in?), then the vertical distance shall be increased to 2.6 m (102.4
inches). In Mexico and the United States, this requirement does not apply.

57.6 Thg test shall be performed on one sampleé at room temperature and on a.sgcond sample
conditiongd in a cold chamber at minus 30 + 2 °C (minus 22 + 4 °F) for 24 hours. Forithe conditioned
sample, the sample shall be removed from the chamber prior to being subjected,to the impact force.
Gloves shall be worn when handling the conditioned sample to minimize heat transfer:

Figure 57.1
Vertical Impact Test
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Figure 57.2

Pendulum Impact Test
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58 Vehigle Drive Over Test

58.1 As a result of the test outlined.in 58.2, there shall not be any cracking, breakage, or deformation of
the enclospre to the extent that results'in any of the following:

a) |[Making uninsulated-Jlive parts or internal wiring accessible to contact in acgordance with
Pragtection of Users.-4 Accessibility and User Servicing, Section 8; or

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

58.2 Eagh of three’enclosures, wired as intended, shall be subjected to this test. The enclogures shall be
placed on|a concrete floor in any normal position of rest. A crushing force of 4893 N (110D Ibf) shall be
applied by|aconventional automotive tire, P225/75R15, or an equivalent tire suitable for the load, mounted
on a steel rim and inflated to a pressure of 218 + 13 kPa (32 + 2 psi). The wheel shall be rolled over the
enclosure at a speed of 8 + 2 kmph (5 + 1.25 mph). Each enclosure shall be oriented in a natural resting
position before applying the force. Any position that the product can rest in without outside supports is
considered a “natural resting position” for this test. For the test, the device under test shall be held or
blocked in the natural resting position so that it does not move substantially during the application of the
applied force.

59 Drop Test

59.1 After the test described in 59.2 and 59.3, there shall be no access to hazardous live parts in
accordance with Protection of Users — Accessibility and User Servicing, Section 8.

59.2 The test shall be performed on one sample at room temperature (nominal 25 °C or 77 °F) and on a
second sample conditioned in a cold chamber at minus 30 £ 2 °C (minus 22 + 4 °F) for 24 hours. For the
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conditioned sample, the sample shall be removed from the chamber prior to being subjected to the drop
test. Gloves shall be worn when handling the conditioned sample to minimize heat transfer.

59.3 Two samples shall be subjected to three impacts that result from being dropped onto a concrete
surface in positions likely to produce the most adverse results. The height of the drop shall be 100 cm
(39.4 inches). Each drop should impact a different part of the sample.

60 Strength of Terminal Insulating Base and Support

60.1 Aninsulating base or support is considered to comply with the test described in 60.2 when there are
no cracks in insulating base materials, no rotation of the insulating base, bosses or recesses or other
means to[prevent furning perform their intended funciion, or the NIke. Minor deformation or ¢leterioration is
allowed ap long as the performance of the connection is not affected.

60.2 Anlinsulating base or support shall be subjected to the force created when the Connegtors, securing
short lengths of conductors sized as described in 12.1.1.4, are torqued to 110 % of the vaJue marked on
the devicg.

61 Imp3ct on Glass Covers

61.1  With reference to 7.5.8.1(b), a glass covered opening shathwithstand an impact as inIicated without
cracking g@r breaking to the extent that a piece is released or dtopped from its normal position:

a)[ln Mexico and the United States, 3.38 J (2-1/2 feet-pounds) impact.

b)|In Canada, 7.0 £ 0.2 J (5.16 foot-pounds) impact.

61.2 The impact specified in 61.1 shall be applied by means of a smooth, solid steel sphgre 50.8 mm (2
inches) inldiameter and having 535 g (1.18-pounds) mass. The sphere shall fall freely from|rest through a
vertical distance of:

a)[In Mexico and the United States, 63.5 cm (25 inches).

b)|In Canada, 130 cm (51.2 inches).

62 Bongling Conductor. Tests

62.1 General

62.1.1 Iff tests are required to determine the acceptability of the bonding conductod the bonding
connection ar conductor shall comply with the tests of 62 2 and 62 3

62.2 Current test

62.2.1 A bonding conductor shall not open when carrying a current that equals twice the branch circuit
protective device rating but not less than 40 amperes, for the time specified in Table 62.1.
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Table 62.1
Duration of Current Flow, Bonding Conductor Test
Rating or setting of branch-circuit Test time, minutes
overcurrent protective device,
amperes 135 % of current 200 % of current
0-30 60 2
31-60 60 4
61-100 120 6
101 — 200 120 8
62.3 Linjited short circuit test
62.3.1 A|bonding conductor shall not open when subjected to the limited short circuit test described in
62.3.2 and 62.3.3.
62.3.2 Three samples of the bonding conductor shall be subjected to the test. The currept shall be as
specified in Table 62.2. The test circuit shall have a power factor of 0.9 *<\¥.0 and shall be|limited to the
current specified in Table 62.2. The open circuit voltage of the test circiit shall be 100 — 105 P4 of the rated
voltage of|the equipment. The bonding conductor shall be connected-fo the circuit by a serles connected
nonrenewable fuse that does not open in less than 12 seconds when carrying twice its rated current. One
test shall e performed on each sample.
62.3.3 The fuse specified in 62.3.2 shall have a current rating equal to that of the pranch circuit
overcurrent protective device to which the equipmentis’intended to be connected, but nof less than 20
amperes.
Table 62.2
Circuit Capacity for Short Circuit Test
Rating of unit, volt-ampere Capacity of test circuit,
Single phase 3-phase Volts amperes
- 1176 0-832 0-250 200
- 1176 0-832 251-600 1000
11f7 - 1920 833 — 1496 0-600 1000
19p1 — 4080 1497 — 3990 0-250 2000
40B1 — 9600, 3991 - 9145 0-250 3500
9601 or more 9146 or more 0-250 5000
1924 cFmore 1497 ormore. 251 800 5000

63 Evaluation of Reduced Spacings on Printed Wiring Boards

63.1

Printed-wiring board traces on printed wiring boards with deficient spacings shall be short-circuited,

one location at a time, and the test shall be conducted in accordance with 52.1.1 — 52.1.3, 52.1.5, 52.1.8,
and 52.1.9. As a result of this test:

a) The overcurrent protection associated with the branch circuit to the device shall not open, and

b) A wire or printed wiring board trace shall not open.
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When the circuit is interrupted by opening of a component, not including overcurrent protective device, the
test shall be repeated twice using new components as required. The same component shall interrupt the
test in each iteration.

64 Mounting Means Test

64.1 The mounting means of a fixed in place product shall withstand a force of four times the weight of
the equipment, but not less than 4.5 kg (10 Ibs), without malfunction of or damage to the mounting means,
including any bracket, securing means, or the equipment. When tested as described, the equipment and
mounting means shall remain in place with no evidence of damage to the mounting means or the

equipment.

64.2 To

with the mpanufacturer’s installation instructions, using the hardware and construction,as pre

manufact
nominal 5
as the su
indicated,
Adjustabl
wall. The
equipmen
device ply
the moun

65 Strength of Handles

65.1 A
to four tim

65.2 Th
length at
attained i
force shal

in the intended carrying position. If a device with more than one handle can be carried U

handle, th

66 Molo

determine if the equipment complies with 64.1, the equipment shall be mounted

irer. If the details of mounting are not specified, 9.5 mm (3/8 inch) thick plasterbog
by 10 cm (2 by 4 inch) trade size wood studs spaced on 406 mm (16 inch) centers
pport surface. The hardware shall be applied as specified in the instruetions, and i
the securing screws shall be positioned between the studs and secured into the
b equipment shall be adjusted to the position that will give the maximum progre
force shall be applied through a (76-mm) 3-inch wide strap at the dimensiona
t and shall be increased over a 5 to 10 second intervalyuntil a load equal to the
s a force of three times the weight of the device, but'not less than 4.5 kg (10 Ibs
ing means. The load shall be maintained for one mintte.

andle specifically intended for lifting or-Garrying a portable product shall withstang
es the weight of the equipment without-breaking when tested in accordance with 6

p force shall be applied with the handle in the intended carrying position, over a 71
the center of the handle. The force shall be applied gradually such that the req
n 5 to 10 seconds and then” maintained for 1 minute. If more than one handle is
be determined by the percentage of the device weight sustained by each handle

en each handlesshall sustain the entire test weight in separate tests.

Stress-Rélief Distortion Test

66.1 Aq

reviously unused sample of the enclosure shall be subjected to the test as outline

in accordance
scribed by the
rd (drywall) on
5 shall be used
not otherwise
plasterboard.
5sion from the
center of the
weight of the
), is applied to

a force equal
5.2.

6 mm (3 inch)
uired value is
provided, the
with the device
sing only one

d in 66.2. After

this test, tfwe sample shall not show any signs of distortion, deterioration, shrinkage, warpingp, or softening,
or access totiveparts:

66.2 The sample shall be placed in an air circulating oven at a temperature equal to 10° higher than the
maximum temperature observed adjusted based on maximum operating ambient temperature) on the
enclosure during the temperature test, but not less than 70 °C (158 °F) for all fastened-in place equipment.
For EV cord sets, the minimum test temperature shall not be less than 90 °C (194 °F). The sample shall be
conditioned in the oven for 7 hours.
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67 Additional Environmental Tests
67.1 General

67.1.1 The following tests as applicable shall be performed on a sample of the enclosure. Internal parts
or frames are not required to be provided as part of this test; however, they may be required to complete or
strengthen an enclosure for the test.

67.1.2 The tests shown in 67.2 — 67.4, shall be applied in accordance with 7.7.

67.2 Water exposure test

67.2.1 The enclosure is considered to comply with this test if at the conclusion of the-test'method for the
Water Exgosure Test in Annex A, Ref. No. 19, all the minimum property retention requirenmpents in Table
67.1 are met.

Table 67.1
Minimum Property Retention Limitations After Water Immersion Conditioning

Property Water immersion?®
Flammability Classification Unchanged
Tensile or Flexural Strength® 50 %
Tensile, 1zod, or Charpy Impact® 50 %

27 days at f0 °C.

® For functignal support, the test methods are Tensile Strengthiand Flexural Strength. For impact resistance, the teft methods are
Tensile, Izof, or Charpy Impact.

67.3 UV|exposure

67.3.1 The enclosure is considered to comply with this test if at the conclusion of the test method for the
UV Exposlire/Weathering Test in Annex A, Ref. No. 20, all the minimum property retention rgquirements in
Table 67.1are met.

67.4 Chemical exposure

67.4.1 Tywo samples of the material used to form the enclosure shall be subjected to this test. The
material shall not show any indication of cracking, deterioration, or other signs of defgrmation after
exposure fo.the“following:

a) One sample shall be subjected to a 40 hour immersion in accordance with Annex A, Ref. No. 67.

b) One sample shall be subjected to a 40 hour immersion in accordance with Annex A, Ref. No. 68.

67.4.2 Two samples of a strain relief or bushing material required to be subjected to chemical exposure
in accordance with 12.2.2.4 or 12.2.3.1 shall be subjected to this test. The material shall not show any
indication of cracking, deterioration, or other signs of deformation after exposure to the following:

a) One sample shall be subjected to a 40 hour immersion per Annex A, Ref. No. 67.

b) One sample shall be subjected to a 40 hour immersion per Annex A, Ref. No. 68.
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68 Tests for Permanence of Cord Tags

68.1 After being tested as described in 68.2 — 68.5, a tag used for a marking is considered to be
permanently affixed to a flexible cord if there is no:

a)

Tearing at any point for more than 1.6 mm (1/16 inch);

b) Movement of the tag more than 12.7 mm (1/2 inch) along the length of the flexible cord;

c¢) Shrinkage, wrinkling, cracking, or other deformation that renders the marking illegible; or

d)

Visible curling or loosening around the edges of a tag with an adhesive back.

68.2 Nin
length of
an adhes
samples s
68.4 prior

68.3 Th
temperatt
at a temp
testing.

68.4 Th
3.6 °F) a
removed

68.5 Ea
in a vertic
minute at
edge of th
the cord.
tag, such

69 Test:

69.1  WH
subjected

69.2 Th

lexible cord to which the tag has been attached in the intended manner. Ifthe ta

ve, the test shall be conducted no sooner than 24 hours after appli¢ation of

hall be tested as received; the additional samples shall be conditioned’as describ
to testing.

re of 87.0 £ 1.0 °C (188.6 £ 1.8 °F). Following removal fromithe oven, the samplg

ee additional samples shall be conditioned for 72-hours at a temperature of 32.0 4
nd a relative humidity of 85 £ 5 %. The samples shall be tested within 1 mind
rom the humidity chamber.

bl plane with the attachment plug pointing upward. A 22.2 N (5 pound) force shall b
the uppermost corner of the tag.furthest from the cord and within 6.4 mm (1/4 inch

Following the test, the sample shall comply with the requirements in 68.1. Mani
as straightening by hand; is permitted.

5 on Transformer Insulating Materials

ere required by note (c) or (g) of Table 29.1, the transformer insulating ma
to thetest described in 69.2.

e samples of a cord tag shall be tested as described in 68.5. Each samplé |shall consist of a

is secured by
he tag. Three
ed in 68.3 and

ee samples shall be conditioned for 240 hours in an air-circulating oven maintaingd at a uniform

s shall remain

erature of 23.0 £ 2.0 °C (73.4 = 3.6 °F) and a relative humidity of 50 £ 5 % for 30 minutes before

20°C(89.6
te after being

ch sample of flexible cord with attached tag shall be tightly suspended and clampgd at each end

e applied for 1
of the vertical

e tag. The force shall be applied vertically downward in a direction parallel to th¢ major axis of

bulation of the

terial shall be

b insulating material shall be placed between two opposing electrodes. The elect

rodes shall be

cylindrica

brass or stainless steel rods 6.4 mm (1/4 inch) in diameter with edges rounded to a 0.8 mm

(1/32 inch) radius. The upper movable electrode shall weigh 50 +2 grams to exert sufficient pressure on
the specimen to provide good electrical contact. The test potential shall be increased to the test value and
the maximum test potential shall be maintained for 1 second. The result complies when there is no
dielectric breakdown.

70 Metallic Coating Thickness Test

70.1 The solution to be used for this test shall be made from distilled water and shall contain 200 grams
per liter of chemically pure chromic acid (CrO3;) and 50 grams per liter of chemically pure concentrated
sulfuric acid (H,SO,4). The latter is equivalent to 27 milliliters per liter of chemically pure concentrated
sulfuric acid, specific gravity 1.84, containing 96 % of H,SO,.


https://ulnorm.com/api/?name=UL 2594 2022.pdf

NMX-J-677-ANCE-2022 ¢+ CSA C22.2 No. 280:22 + UL
102 2594 DECEMBER 15, 2022

70.2 The test solution shall be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube of approximately 0.64 mm (0.025 inch) inside bore and 140
mm (5.5 inches) long. The lower end of the capillary tube shall be tapered to form a tip, the drops from
which shall be approximately 0.025 milliliters. To maintain an effectively constant level, a small glass tube
shall be inserted in the top of the funnel through a rubber stopper and its position shall be adjusted so that
the rate of dropping is 100 +5 drops per minute when the stopcock is open. When desired, an additional
stopcock may be used in place of the glass tube to control the rate of dropping.

70.3 The sample and the test solution shall be kept in the test room long enough to acquire the
temperature of the room maintained at an ambient temperature of 21.1 — 32.2 °C (70 — 90 °F).

70.4 Eagtrsampte—shattbethoroughty cleamedbeforetesting—Aittgrease;,facquer,paint, and other
nonmetallic coatings shall be removed completely by means of solvents. Samples then shallbe thoroughly
rinsed in Water and dried. The cleaned surface shall not contact the hands or any foreignymaterial.

70.5 Thg sample to be tested shall be supported 8 — 25 mm (0.7 — 1 inch) below the orifi¢ge, so that the
drops of golution strike the point to be tested and run off. The surface to\be tested shall be inclined
approximdtely 45° from horizontal.

70.6 Thg stopcock shall be opened and the time, in seconds, required for the dropping solution to
dissolve the protective metallic coating and expose the base metal shall be measured. EXposure of the
base metgl shall be considered as the first appearance of the-base metal recognizable by the change in
color at that point.

70.7 Eagh sample of a test lot shall be tested at thfée or more points, excluding cut, stenciled, and
threaded surfaces, on the inside surface, and at an.equal number of points on the outsifle surface, at
places on|both surfaces where the metallic coating can be expected to be the thinnest. ®n enclosures
made from precoated sheets, the external corfiers that are subjected to the greatest defprmation may
have thin goatings.

70.8 Thgqg thickness of the coating.being tested shall be calculated by selecting from Tpble 70.1 the
thickness [factor appropriate for the temperature at which the test was conducted, and multiplying that
thickness factor by the time, in seconds, required to expose base metal as noted in 70.6.

Table 70.1
Thickness of Coatings

Temperature, Thickness factors, 0.0003 mm (0.00001 inch) per second
°G (°F) Cadmium platings Zinc glatings
AR (707 331 07980
21.7 (71) 1.340 0.990
22.2 (72) 1.352 1.000
22.8 (73) 1.362 1.010
23.3 (74) 1.372 1.015
23.9 (75) 1.383 1.025
24.4 (76) 1.395 1.033
25.0 (77) 1.405 1.042
25.6 (78) 1.416 1.050
26.1 (79) 1.427 1.060

Table 70.1 Continued on Next Page
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Table 70.1 Continued

Temperature, Thickness factors, 0.0003 mm (0.00001 inch) per second
°Cc (°F) Cadmium platings Zinc platings
26.7 (80) 1.438 1.070
27.2 (27.2) 1.450 1.080
27.8 (82) 1.460 1.085
28.3 (83) 1.470 1.095
28.9 (84) 1.480 1.100
29.4 (85) 1.490 1.110
30.0 (86) 1.501 11120
30.6 (87) 1.513 11130
311 (88) 1.524 1141
31.7 (89) 1.534 11150
322 (90) 1.546 11160

71 Overcurrent Protection Calibration Test

71.1 A fuse, or circuit protective device, provided in the primary of a transformer for pr
secondary circuit shall operate to open the circuit in not more‘than the time indicated in T4

the transfprmer is delivering the specified secondary current:

Table 71.1
Maximum Time to Open

btection of the
ble 71.1 when

Rated gsecondary potential, volts

Secondary test current, amperes

Maximum time for
protective device to ¢

pvercurrent
pen, minutes

20 or less
20 or less
Over 20
Over 20

10
6.75
2000V
135/V

2
60°
2
60°

@ After 15 rpinutes of operation;-the current shall be readjusted to the value shown.

71.2 To|determine when a fuse or circuit protective device complies with the requireme]
transformer shall "deliver the test current to a resistance load with the primary connected
described in“45.1. During the 2-minute test, the load shall be adjusted continuously tg

nt in 71.1, the
to a circuit as
maintain the

required testTurrent—Duringthe80-minutetest,thetoad—shattbe—adjustedonce—after

operation and the test shall be continued without further adjustment.

15 minutes of

71.3 When the fuse or circuit protective device is used to protect more than one secondary winding or
taps, each winding or partial winding shall be tested as indicated in 71.1 or 71.2 with the remaining
windings delivering rated load.

MARKINGS

Advisory Note: In Canada, there are two official languages, English and French, and in Mexico, the official
language is Spanish. Annex C provides translations in French and Spanish of the English markings
specified in this Standard. Markings required by this Standard may have to be provided in other languages
to conform with the language requirements of the country where the product is to be used.
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72 General

72.1 A device shall be legibly and permanently marked, where readily visible during use, with:

a) The manufacturer’'s name, trade name, or trademark or other descriptive marking by which the
organization responsible for the device is able to be identified;

b) The catalog number or an equivalent designation, where practicable;

c¢) The electrical rating in both volt and amperes for the input and output of the device;
In Canada, products with a rating of 127 Vac or less shall have a nominal voltage rating marked
within the range of 108 — 125 Vac, single phase. In Mexico and the United States, this requirement

dogs not apply.

d)

The date gf manufacture may be abbreviated, or may be in a nationally accepted convention

The environmental enclosure type. See 73.1;

°C to 40 °C (minus 22 °F to 104 °F); and

Ambient temperature rating, if the ambient temperature extends outside the range of minus

he date or other dating period of manufacture not exceeding,any)three consecutivg¢ months.

Al code orin a

code affirmed by the manufacturer, provided that the code does)hot repeat in less than 20 ygars, and does
not requirg¢ reference to the production records of the manufacturer to determine when the product was

manufactyred.

72.2 Wh
distinctive

72.3 Al

72.4 All
shall be vi

bn a manufacturer produces devices at*more than one factory, each device
marking, to identify it as the product of alparticular factory.

EV supply equipment shalllbe marked with the words “Ventilation Not Required.”
bible during normal use.

shall have a

FV supply equipment shall be marked with the words “For use with Electric Vehicles.” This
marking shall be visible during intended-use:

This marking

72.5 Matkings may be located on a tag that is attached to the power supply cord and complies with the

requireme

726 A
applicable

72.7 A marking that is required to be permanent shall be molded, die-stamped, paint-stenc

hts in Tests forPermanence of Cord Tags, Section 68.

ressure.sensitive label or a label secured by cement or adhesive shall cor
requirements for indoor and outdoor use labels in Annex A, Ref. No. 64.

nply with the

led, stamped,

or etched metal that is permanently secured, or indelibly applied lettering on a label secured by adhesive
that, upon investigation, is found to be suitable for the application. Ordinary usage, including likely
exposure to weather and other ambient conditions, handling, storage, and the like, of the equipment is
considered in the determination of the acceptability of the application.

72.8 With reference to the requirement in 72.1(c), the symbols described in (a) and (b) are used for

markings:

a) A circuit intended to be connected to an alternating-current supply shall be identified by
markings indicating that the supply shall be alternating current. The markings shall include the
supply-circuit frequency or supply-circuit frequency-range rating (cycles per second,
cycles/second, hertz, c/s, cps, or Hz). The symbol illustrated in Figure 72.1 is an example for this
marking. See 72.9.
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b) The number of phases shall be indicated if the device is designed for use on a polyphase circuit.
The symbol illustrated in Figure 72.2 is an alternative for the word “phase.” See 72.9.

Figure 72.1
Alternating Current Supply Symbol

Figure 722
Phase Symbol

MS510

72.9 When the symbol referenced in 72.8 (a) or (b) is used, the information described in 76.3(k) shall be
provided.

7210 The operating positions of a handle, knob, or other means intended for manual operation by the
user shall be marked.

72.11  Wiring terminals shall be marked to indicate the proper connections for the device, or a wiring
diagram coded to the terminal marking shall be securely attached to the equipment.

72.12 Equipment field-wiring terminals shall be marked with the following:
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