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PREFACE

This is the harmonized ANCE, CSA Group, and UL standard for DC Charging Equipment for Electric
Vehicles. It is the first edition of NMX-J-817-ANCE, the first edition of CSA C22.2 No. 346, and the third
edition of UL 2202. This edition of UL 2202 supersedes the previous edition(s) published on October 2,
20009, titled Electric Vehicle (EV) Charging System Equipment.

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 Committee for Electric Vehicle Supply Equipment of the Harmonization of Electrotechnical

Standardgof e Nations of the ATmeTitas (CANENA) are gratefutty ackmowedged

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

The present Mexican standard was developed by the GT CONANCE from the @omite de Norralizacion
de la Asoriacion de Normalizacion y Certificacion, A.C., CONANCE, with the ecollaboration of different type
of manufacturers and users.

This stanflard was reviewed by the CSA Subcommittee on DC Fast Charging System for Electri¢ Vehicles,
under the jurisdiction of the CSA Technical Committee on industrial Products and the CSAl Strategic
Steering Committee on Requirements on Electrical Safety, and~has been formally approved by the CSA
Technical] Committee. This standard has been developed in compliance with Standards Council pf Canada
requirements for National Standards of Canada. It has beéipublished as a National Standard ¢f Canada
by CSA Group.

Applicatipn of Standard

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

Note: Althopigh the intended primary applicatien of this standard is stated in its scope, it is important to note that it femains the
responsibilify of the users of the standard,tojudge its suitability for their particular purpose.

Level of Harmonization
This stanflard uses thestEC format but is not based on, nor is it considered equivalent to, an IEC gtandard.

This stanpard isspublished as an equivalent standard for ANCE, CSA Group and UL.

An equiva ) ) A
Technical nat|onal dlfferences are allowed for codes and governmental regulat|0ns as WeII 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.

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.
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Interpretations

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

INTRODUCTION

1 Scope

1.1 These requirements apply to DC conductive charging equipment intended to be supplied with a
maximum input voltage of 1000 V ac or 1500 V dc, for recharging the propulsion batteries in over-the-road
electric vehicles (EV). DC charging equipment for EV installations are intended for either:

a)

b)

Equipment is intended to be installed in accordance with the Installation Codes in Annex A, Ref. Np.

1.2 The

1.3 For
"EV", |S
vehicles.

1.4 DC
end prod

of this Standard and the standard for the end produgct.

15 The

1.6 The

1.7 The

1.8 The
locations

2 Gloss

2.1 Inth
"EV" refg

Dry location only, or

Dry, wet, and damp location.

output of the DC charging equipment for EV shall not exceed 1500'V.dc.

the purposes of this Standard, the term "electric vehicle", designated throughout by
considered to cover electric vehicles, hybrid electric yehicles, and plug-in versiong

ict for compliance with the requirements in this ‘Standard is investigated under the req

e requirements do not cover battery chargers covered by Annex A, Ref. Nos. 2 and 3.

Se requirements do not cover Qn-board chargers.

such as near fuelydispensing stations.
ary

e text of this Standard, the term "unit" refers to any product covered by this standard.
rsido an electric vehicle, a hybrid electric vehicle, or plug-in versions of these \

e requirements do not cover electric vehicle supply equipment covered by Annex A, Ref.

he initials
of these

charging equipment for EV that is not a complete;assembly and depends upon installgtion in an

uirements

No. 4.

e requirements do ot cover DC charging equipment for EV intended to be used in hazardous

[ he letters
ehicles in

accordan

Wit -2 For the purpose of this Standard; the fottowing aefinitions apply-

2.2 ACCESSIBLE PART — A part so located that it is capable of being contacted by a person, either
directly or by means of an accessibility probe.

2.3 BARRIER - A part inside an enclosure that reduces access to a part that involves a risk of fire, electric

shock, inj

ury to persons, or electrical energy — high current levels.

2.4 BASIC INSULATION — The insulation required for the proper functioning of a device, and for basic
protection against electrical hazard.
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2.5 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.

2.6 BRANCH CIRCUIT — The portion of the building wiring system beyond the final overcurrent protective
device on the power-distribution panel that protects the circuit to the field-wiring terminals in a permanently
connected unit or to the receptacle outlet for a cord-connected unit.

2.7 CELL - Two electrodes of dissimilar material separated from one another by a common ionically
conductive electrolyte, that are intended to convert chemical energy directly into electrical energy.

2.8 CLAPBS 2 TRANSFORMER - A step-down transformer complying with the applicable req\llirements
in:

a) Annex A, Ref. Nos. 4 and 5; or

b) Annex A, Ref. No. 6.
2.9 CONTROL CIRCUIT — A circuit that carries electric signals but not main power current.

2.10 ELECTRIC VEHICLE (EV) — An over-the-road automative-typewehicle for highway use, $uch as a
passengef automobile, bus, truck, van, motorcycle, or similar vehicle, which receives pfimary or
supplementary propulsion power from an electric motor that draws current from a rechargeablp storage
battery.

2.11 ELECTROLYTE — A semisolid, liquid, or aqueous>salt solution that makes ionic conductior] between
positive and negative electrodes of a cell possible.

2.12 EN[LOSURE - A surrounding case constructed to provide a degree of protection to personnel
against aqcess to hazardous parts and to provide a degree of protection to the enclosed equipmeft against
specified ¢nvironmental conditions.

2.13 EXPOSED - Visible and able\to be contacted by an accessibility probe.

2.14 FA$TENED IN PLACE™ A mounting means for equipment which is specifically designed|to permit
periodic rgmoval of the equipment for relocation, interchangeability, maintenance, or repair witholit the use
of a tool.

2.15 FIHLD-WIRING LEAD — Any lead to which a supply, load, or other wire is intended be conpected by
an installgr.

2.16 FIECD-WIRING TERMINAL — A terminal 10 which a supply, 1oad, or other wire 1s intended to be
connected by an installer.

2.17 FIXED IN PLACE — A mounting means for equipment that requires a tool to remove the equipment
from its mounted position.

2.18 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.

2.19 GUARD - A part that reduces access to a component that results in a risk of injury to persons. See
Enclosures and Guards, Section 40.
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2.20 INSULATION, SUPPLEMENTARY — An independent insulation provided in addition to the basic
insulation to protect against the risk of electric shock in the event.

2.21 LEAKAGE CURRENT - Electric current which flows through a person upon contact, between
accessible parts of a unit and:

a) Ground, or

b) Other accessible parts of the unit.

2.22 LIMITED-ENERGY CIRCUIT — An ac or dc circuit having a voltage not exceeding 1000 volts and
the energy limited to 100 volt-amperes by either a secondary winding of a transformer, eoné¢ or more
resistors fomplying with 25.10, or a regulating network complying with 25.11.

2.23 LIVYE PART — A conductive part, such as metal, within the unit that during (intéended Wise has a
potential fifference with respect to earth ground or any other conductive part.

2.24 LQW-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 limitefl Class 2
transformer or power unit and an overcurrent protectivesdevice that is:

1) Not of the automatic reclosing type,
2) Trip-free from the reclosing mechanismy; and

3) Either not readily interchangeable with a device of a different rating or a marking in
accordance with 76.3.8 is provided; or

b)| A combination of an isolated transformer secondary winding and one or more resistors or a
repulating network complying with 25.11 that complies with all the performance requireménts for an
inherently limited Class 2 transformer or power source.

2.25 MHBASUREMENT INDIEATION UNIT (MIU) — The output voltage across the meter, in milljvolts rms,
in the mepsurement instrument in Figure 46.3, divided by 500 ohms. (The instrument indication |s equal to
the rms viplue in milliamperes when the frequency is 60 Hz (sinusoidal current). The reading is mot always
a direct indication of-the' rms or other common amplitude quantifier of leakage current when thie leakage
current is|of compiexswaveform or frequency other than 50 or 60 Hz.)

2.26 PQRTABLE UNIT — A unit that has no provisions for permanent mounting or wiring, anfl is easily
carried ofl cenveyed by hand and whose input rating does not exceed 16 ampere, 120 V ac.

2.27 PRESSURE TERMINAL CONNECTOR - A field wiring terminal that accomplishes the connection
of one or more conductors by means of pressure without the use of solder. Examples of pressure terminal
connectors are barrel and setscrew type, crimp-type barrel, and clamping plate and screw type.

2.28 PRIMARY CIRCUIT —Wiring and components that are conductively connected to a branch circuit.

2.29 RISK OF ELECTRICAL ENERGY — HIGH CURRENT LEVELS — The risk of damage to property or
injury to persons, other than by electric shock, from available electrical energy exists when between a live
part and an adjacent dead metal part or between live parts of different polarity, there exists a potential of 2
volts or more and either an available continuous power level of 240 volt-amperes or more, or a reactive
energy level of 20 joules or more.
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2.30 SAFETY CIRCUIT — Any primary or secondary circuit that is used to reduce the risk of fire, electric
shock, injury to persons, or electrical energy- high current levels. For example, in some applications, an
interlock circuit is considered to be a safety circuit.

2.31 SECONDARY CIRCUIT — A circuit supplied from a secondary winding of an isolating transformer.
See 27.1.3.

2.32 SERVICE PERSONNEL - Trained persons having familiarity with the construction and operation of
the equipment and the risks involved.

233 TG"\' A ol H L +l | tla - Py 'y l itala H 'I
. D=/ SCrewartivetr ComRKey,orany-otner-odfect natts usettooperatea screw,atc; or similar

fastening means.
3 Comppnents

3.1 Acomponent of a product covered by this Standard shall:

a) IComply with the requirements for that component as specified imthis Standard. A c¢mponent
shall comply with the ANCE, CSA, or UL standards as appropriate for the country where thie product
is fo be used.

b) Be used in accordance with its rating(s) established for the infended conditions of use; afd

¢) Be used within its established use limitations or conditions of acceptability.

3.2 A cgmponent of a product covered by this Standard is not required to comply with & specific
component requirement that:

a) [Involves a feature or characteristic not required in the application of the compongnt in the
praduct;

b

~

s superseded by a requirementtin this Standard; or

c) |s separately investigated.when forming part of another component, provided the component is
used within its established ratings and limitations.

3.3 Spegific componentsiare incomplete in construction features or restricted in performance capabilities.
Such components aredintended for use only under limited conditions, such as certain temperdtures not
exceeding specified fimits, and shall be used only under those specific conditions.

3.4 A component that is also intended to perform other functions such as overcurrent protectior}, ground-
fault circult-inferruption, surge suppression, any other similar functions, or any combination theteof, shall

comply additromatty-with—therequirementsof the—applicabte ANCE, € SAor St—standard(s)that cover

devices that provide those functions.

4 Units of measurement

4.1 Thevalues given in Sl (metric) units shall be normative. Any other values given shall be for information
purposes only.

5 Normative References

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

5.3 For products intended for use in Canada, general requirements are given in Annex A, Ref. No. 8. In
Mexico and the United States, this does not apply.

CONSTRUCTION

6 Ratings

6.1 Aunitshall have the following ratings:
a)|lnput rating in volts, number of phases, frequency, and amperes; and

b)|Output rating in volts dc and amperes.
7 Frame and Enclosure
7.1 Gereral

7.1.1 Except as noted in 7.1.2, a unit shall be provided withhone or more enclosures that hoyse all live
parts. The enclosure shall be formed and assembled so that'it has the strength and rigidity to|resist the
abuses tq which it may be subjected to in use without resulting in a risk of fire or electric shock due to total
or partial pollapse with resulting reduction in spacings, l6osening or displacement of parts, or othgr defects.
The partd of the enclosure that are required to be if\place to comply with the requirements for flisk of fire,
electric shock, injury to persons, and electrical energy — high current levels shall comply with the ppplicable
enclosurg requirements specified in this standard.

7.1.2 Liye parts, including terminals,that do not present a risk of electric shock or a risk of electrical
energy — high current levels, are not\required to be enclosed.

7.1.3 The frame or chassis of a.unit shall not be used to carry current during intended operation.

7.1.4 Apart, such as a dial, display face, or nameplate, that serves as a functional part of the|enclosure
shall comlply with the_enclosure requirements.

7.1.5 Except asurioted in 7.1.6, when an electrical instrument, such as a meter, forms part of the
enclosurg, the face or the back of the instrument housing, or both together, shall comply with the
requirements.for an enclosure.

7.1.6 A meter complying with the requirements in Annex A, Ref. No. 9 is not required to comply.
7.2 Access covers

7.2.1 Except as noted in 7.2.2, an access cover shall be hinged where it gives access to a fuse or other
overload-protective device, the functioning of which requires renewal or resetting, or where it is required to
open the cover in connection with intended operation of the unit. A means shall be provided to hold the
cover positively closed.

7.2.2 A hinged cover is not required when the only overload-protective device enclosed is:
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a) Connected in a control circuit, where the protective device and the circuit loads are within the

sa
b)
c)

d)

me enclosure,
Rated 2 amperes or less for loads not exceeding 100 volt-amperes,
An extractor fuse having an integral enclosure, or

Connected in a low-voltage, limited-energy circuit.

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

7.3 Castmetal enclosures
7.3.1 Expept as noted in 7.3.2, the thickness of cast metal for an enclosure shall be as specifiefl in Table
7.1
7.3.2 Dig-cast metal and cast metal of a lesser thickness is employed when.upon investigatipn (taken
into acco:tnt the shape, size, and function of the enclosure) it is found to_fiave equivalent mechanical
strength f¢r the intended use.
Table 7.1
Thickness of Cast-Metal Enclgsures
Minimum thickness, mm (inch)
Use, or dimension of area involved Di | Cast metal of ofher than
’ ie-cast metal the die-cas} type

Area of 154.8 cm? (24 square inches) or less and having no 16 (1/169) 3.2 (2/8)

dimension [greater than 152 mm (6 inches)

Area greatgr than 154.8 cm? (24 square inches) or having.any 24 (3/32) 3.2 (2/8)

dimension [greater than 152 mm (6 inches)

At a threaded conduit hole 6.4 (1/4) 6.4 (2/4)

Atan unthrleaded conduit hole 3.2 (1/8) 3.2 (1/8)

2 The areafimitation for metal 1.6 mm (1/16 inch) thick is obtained by the provision of reinforcing ribs subdividing a larger grea.
7.4 Sheg¢t metal enclosires
7.4.1 Sheet metal-enclosures shall comply with the requirements in Annex A, Ref. No. 10 or 7.4.4.
7.4.2 Withreference to 7.4.1, the thickness of a sheet-metal enclosure shall not be less than thaf specified
in Table 7].2.;and Table 7.3. Uncoated steel shall not be less than 0.81 mm (0.032 inch) thick, zirpc-coated
steel shall'not be Tess than 0.86 mm (0.034 inch) thick, and nonferrous metal shall not be Tess than 1.14

mm (0.045 inch) thick for surfaces of an enclosure at which a wiring system is to be connected. A part of
the enclosure that complies with the Mechanical Strength Tests for Metal Enclosures as specified in Annex
A, Ref. No. 11, is not required to comply with the thickness specified in Table 7.2 and Table 7.3.
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Table 7.2
Thickness of Carbon Steel or Stainless Steel Enclosures
Without supporting frame?® With supporting frame or equivalent Minimum thickness mm (inch)
reinforcing?®
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 051 | (0.0200 | 058 | (0.023)
121 (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 (7.0) 222 (8.75) 254 (10.0) 31.8 (12.5)
20.3 (8.0 Not limited 30.5 (12.0) Not limited 0.81 (0.032) 0.86 (0.034)
229 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (12.5) Not limited 495 (19.5) Not limited 1.07 (01042) 114 (0.045)
35.6 (14.0) 45.7 (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) 914 (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 lindited 1.70 (0.067) 1.78 (0.070)
737 (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) 213 (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)
1194 (47.0) 149.9 (59.0) 172.7 (6810) 2134 (84.0)
132.1 (52.0) Not limited 203.2 (80.0) Not limited 2.74 (0.108) 2.82 (0.111)
152.4 (60.0) 188.0 (74.0) 213.4 (84.0) 261.6 (103.0)
160.0 (63.0) Not limited 246.4 (97.0) Not limited 312 (0.123) 3.20 (0.126)
185.4 (73.0) 228.6 (90.0) 261.6 (103.0) 322.6 (127.0)
aSee7.4.4and 7.4.5.
b The widtH is the smaller dimension.6f a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of fan
enclosure may have supports in.common and be made of a single sheet.
¢"Not limitg¢d" 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 r¢moved in usex
d Sheet stdel for an.enctosure intended for use in wet and damp locations shall not be less than 0.86 mm (0.034 inch) thick when
metal coatpd and not less than 0.81 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? M@nimum
Maximum width® Maximum length® Maximum width® Maximum length thICrTI](quSS
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 (35) 10.2 (4.0) 216 (85) 24.1 (9.5) (0.023)
10.2 (4.0) Not limited 254 (10.0) Not limited 0.74
12.7 (5.0) 150 6.0) 26.7 (10.5) 343 @35) (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 711 (28.0) Norlimited 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 191
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 (60,9) Not limited 241
737 (29.0) 91.4 (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 3124 (123.0) Not limited 3.89
152.4 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0) (0.153)
2See7.4.4and 7.4.5.
b The widtH is the smaller dimension of a rectangular Sheet metal piece that is part of an enclosure. Adjacent surfaces offan
enclosure fnay have supports in common and be/made of a single sheet.
¢ "Not limitg¢d" applies only when the edge ofthe'surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surfaces not
normally r¢moved in use.
4 Sheet copper, brass, or aluminum fofian enclosure intended for use in wet and damp locations shall not be less than 0.4 mm
(0.029 incth) thick.
7.4.3 Taple 7.2 and-Fable 7.3 are based on a uniform deflection of the enclosure surface for any given
load concgntrated atithe center of the surface regardless of metal thickness.
7.4.4 With refefence to Table 7.2 and Table 7.3, a supporting frame is a structure of angle or ch@nnel or a
folded rigig'section of sheet metal that is rigidly attached to and has the same outside dimensions as the

enclosure surface and that has the torsional rigidity to resist the bending moments that are applied via the
enclosure surface. A construction has equivalent reinforcement when it produces a structure that is as rigid

as one bu

ilt with a frame of angles or channels.

7.4.5 With reference to 7.4.4 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;

¢) 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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7.5 Nonmetallic enclosures

7.5.1 A polymeric enclosure or polymeric part of an enclosure shall comply with the requirements in
Annex A, Ref. No. 12. See 7.5.2. For units intended for use in wet and damp locations, the material for the
enclosure, or part of the enclosure, shall be judged on the basis of the effect of exposure to water and
ultraviolet light in accordance with Annex A, Ref. No. 12. See also 7.5.3.

7.5.2 Withreference to 7.5.1, for a cord-connected unit that is intended to be supported on a bench, desk,
table, or similar apparatus, the flammability requirements for portable equipment specified in Annex A, Ref.
No. 12 shall be applied.

7.5.3 Except as noted in 7.5.4, a nonmetallic part that forms part of the enclosure, and issmdde from a
material ¢lassed as HB or better, is not required to comply with 7.5.1 under any one ©f, 'thg following
conditions:

a)| The nonmetallic part covers an opening that has no dimension greater than25.4 mm (1 jnch);

b)| The nonmetallic part covers an opening which does not allow access\to live parts involving a risk
of{fire, electric shock, or electric energy-high current levels — or maving parts to the usef when the
ngnmetallic part is removed;

¢)|The nonmetallic part covers an opening that has no dimension greater than 101.6 mm|(4 inches)
and there is no source of a risk of fire closer than 101:6imm (4 inches) from the surface of the
erclosure; or

d)| The nonmetallic part with a barrier or a device that forms a barrier made of a material ¢glassed V-
0 petween the nonmetallic part and a source of.a risk of fire.

7.5.4 Abpart of a component is not required to be classed V-0, V-1, V-2, or HB when it compligs with the
flammability class applicable to the componenit:

7.5.5 Aj|polymeric material enclosure™having in any single unbroken section, a projected sufface area
greater tHan 0.93 m? (10 square feet).@r'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 the:

a)|Requirements in Angex A, Ref. No. 13; or

b)|Radiant-panehfurnace method in Annex A, Ref. No. 14.

7.5.6 Amaterial'with a flame-spread rating higher than specified in 7.5.5 is a usable alternatjve for the
exterior finish er\covering on any portion of the enclosure when the flame-spread rating of the cdmbination
of the bagematerial and finish or covering complies with 7.5.5.

7.5.7 Except as noted in 7.5.8, a conductive coating applied to a nonmetallic surface (such as the inside
surface of a cover or an enclosure) shall comply with the appropriate requirements in Annex A, Ref. No.
12.

7.5.8 Where flaking or peeling of the coating does not result in a risk of fire or electric shock as a result of
a reduction of spacings or the bridging of live parts, then the coating is not required to comply with Annex
A, Ref. No. 12.

7.5.9 A nonmetallic enclosure intended for connection to a rigid conduit system shall comply with the
Polymeric Enclosure Rigid Metallic Conduit Connection Tests in Annex A, Ref. No. 10.
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7.6 Glass covered openings

7.6.1 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 101.6
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 1/8 inch thick and shall:

a) Be of a non-shattering or tempered type that, when broken, complies with Annex A, Ref. No. 15;
or

b

~

Be subjected to the test described in 61.1.
7.7 Opepings for wiring

7.7.1 The requirements described in 7.7.2 — 7.7.9 apply to fixed in place units.

7.7.2 Wrinen threads for the connection of conduit are tapped all the way through a hole in an ¢nclosure
wall or whien an equivalent construction is employed, there shali not be less than three nor morg than five
threads in|the metal, and the construction of the enclosure shall be suth that a conduit bushing is capable
of being 4ttached as intended. When threads for the connection,of“conduit are not tapped all the way
through alhole 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 equivalgnt to that
provided Iy a standard conduit bushing with an internal diameter the same as that of the corrgsponding
trade size|of rigid conduit.

7.7.3 Clamps and fasteners for the attachment.of conduit, electrical metallic tubing, armored cable,
nonmetalllc flexible tubing, nonmetallic-sheathied cable, service cable, and similar material| that are
supplied gs a part of an enclosure shall comply with Annex A, Ref. Nos. 16 and 17.

7.7.4 A knockout in a sheet-metal enclosure shall be secured and shall be removable withqut undue
deformatipn of the enclosure.

7.7.5 A Kknockout shall be provided with a flat surrounding surface so that the conduit bushing is capable
of being geated as intended,-and shall be located so that installation of a bushing at any knocKout to be
used durifg installation §o&€s not result in spacing between an uninsulated live part and the busling to be
less than that specifieg i Spacings, Section 23.

7.7.6 In measuring a spacing between an uninsulated live part and a bushing installed in a knpckout as

mentioned in 7:7.5, a bushing having the dimensions specified in Table 7.4 shall be in place, in cgnjunction
with a sinalexocknut installed on the outside of the enclosure
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Table 7.4
Knockout or Hole Sizes and Dimensions of Bushings
Metric designator ] Bushing dimensions
(Trade size) Knockout or hole diameter Overall diameter Height

mm (inches) mm (inches) mm (inches) mm (inches)

16 12) 222 (7/8) 25.4 @ 9.5 (3/8)

21 (3/4) 27.8 (1-3/32) 31.4 (1-15/64) 10.7 (27/64)

27 (M) 345 (1-23/64) 405 (1-19/32) 13.1 (33/64)

35 \J.-J./'q) e \J.-Lol'oc) 4I.2 \J.-J.J/J.U) 2 ore) (9/16)

41 (1-1/2) 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) 159 (5/8)

63 (2-1/12) 76.2 ©) 818 (3-7/32) 199 (3/4)

78 3 92.1 (3-5/8) 98.4 (3-7/8) 20.6 (13/16)
7.7.7 Fqr an enclosure not provided with conduit openings or knockouts, Spacings not lesg than the
minimum|specified in Spacings, Section 23 shall be provided between unigsulated live parts and a conduit
bushing ipstalled at any location that is to be used during installation. Rermanent marking on the ¢nclosure,
a template, or a drawing furnished with the unit are ways to specify such a location. The specifigd location
of the opgnings shall be such that damage to internal parts does\fot result when openings are hade.
7.7.8 With respect to the requirement in 7.7.7, means shallbe provided so that an opening for{conduit is
capable ¢f being made without subjecting internal parts{o contamination resulting from the presence of
metallic pgarticles. Compliance with this requirement-is\possible by the use of a removable, boltef plate.
7.7.9 Apolymeric- or metal-closure plug for arPunused conduit opening shall comply with Annex A, Ref.
No. 16.
7.8 Opdgningsin an enclosure
7.8.1 The enclosure of a unit shall be designed and constructed to reduce the risk of emission of flame,
molten netal, flaming or glowing particles, or flaming drops from exiting the enclosure and|falling on
combustible materials outsitie’of the enclosure.
7.9 Encllosure bottom openings
7.9.1 Exceptas noted in 7.9.2 — 7.9.5, the requirement in 7.8.1 requires a complete noncgmbustible
bottom of & construction employing individual honcombustible barriers under components, |groups of
componehts;“or assemblies_as specified in Figure 7 1

7.9.2 An enclosure may be provided with ventilating openings in the bottom panel when noncombustible
baffle plates are provided to reduce the risk of materials from falling directly from the interior of the unit
onto the supporting surface or any other location under the unit. An example of such a baffle is illustrated

in Figure 7.2.

7.9.3 An enclosure may be provided with ventilation openings in the bottom of an enclosure when the
openings incorporate a perforated metal plate as described in Table 7.5, or a galvanized or stainless steel
screen having a 25.4-mm (14- by 14-mesh per inch) constructed of wire with a diameter of 0.4 mm (0.018
inch) minimum.
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7.9.4 The bottom of the enclosure under areas containing only materials classed V-1 or better in
accordance with Annex A, Ref. No. 18, shall have openings no larger than 40 mm? (1/16 square inch).

7.9.5 An enclosure may be provided with ventilating openings without limitation on their size and number
and complying with 8.1.7 in the bottom panel in areas that contain only wires, cable, plugs, receptacles,
transformers, and impedance protected or thermally protected motors, and in areas that contain only
capacitors that are described in Section 30.

Figure 7.1

Enclosure Bottom

EB120A

A — Region 10 be shielded by barrier. This CONsISts of the entire component when It IS Not otherwise shielded, and of the unshielded
portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C - Inclined line which traces out minimum area of barrier. When moving, the line is always: (1) tangent to the component, (2) five
degrees 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 7.2

Example of a Bottom-Enclosure Baffle

—e= =— 27X BUT NEVER LESS THAN

L INCH (?R Rmm)

BAFFLE PLATES

(MAY BE BELOW
BOTTOM OF MACHINE)

BOTTOM OF MACHINEM

SB0O853
Table 7.5
Perforated Metal Plates for Enclesiire Bottom

Minimum thickness Maximum diameter of holes Minimum spacings of holes center tq center
mm (inch) mm (inch) mm (inch)
0.66 (0.026) 1.14 (0:045) 1.70 (0.067)

645 mm? (233 holes 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) 119 (0.047) 2.36 (0.093)
0.81 (0.032) 191 (0.075) 3.18 (0.1%5)

645 mm? (72 holes per inch?)
0.89 (0.035) 1.90 (0.075) 3.18 (0.1%5)
0.91 (0.036) 1.60 (0.063) 2.77 (0.109)
0.91 (07036) 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)

NOTE - Ip ac€ofdance with 7.9.3.

7.10 Enclosure top openings

7.10.1 Except as noted in 7.10.2, the minor dimension — see 8.1.6 — of any opening in the top of an
enclosure directly over an uninsulated live part involving a risk of electric shock or electrical energy — high
current levels — 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 7.3 for examples of top surface openings that reduce the risk of direct entry.

7.10.2 The 4.8 mm (3/16 inch) limitation does not apply for openings located 1.8 m (6 feet) or higher from
the floor, when the unit is installed in accordance with the manufacturer's instructions. Such openings shall
comply with the accessibility requirements in Protection of Users — Accessibility and User Servicing,

Section 8
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Figure 7.3

Cross Sections of Top-Enclosure Designs

SLANTED OPENINGS

L] 1]
B [ I Oy

EC500 VERTICAL OPENINGS

7.11 Englosures for wet and damp locations

7.11.1 General

71111 |All enclosures provided for units intended for useyin'wet and damp locations shall co
the requirgments in 7.11 or as an alternative, enclosures may be marked with a type rating suital

in wet and damp locations and shall comply with Annex’A, Ref. No. 19.

71112 |Units intended for use in wet and damp;locations shall be evaluated for rain exposure in
7.11.2. If the unit makes use of gaskets or support feet to comply with the rain exposure, then th

Mply with
le for use

Section
P gaskets

or suppor] feet are evaluated in accordaneé_with Section 7.11.3. If the polymeric enclosure makles use of

metallic cpatings for corrosion protection,-the coating thickness is evaluated in accordance wit|
7.11.4.

7.11.2

rigress protection

71121 [The unit shall comply with minimum Enclosure Type 3R rating in compliance with Ann
No. 19.

7.11.3 Gaskets

N Section

pX A, Ref.

71131 |Gaskets depended upon for protection from environmental elements shall comply with

Annex A,

Ref. No. 19.

7.11.4 Metallic coating thickness

71141  With reference to Corrosion Protection, Section 11, a metallic coating with a specified thickness

shall have that thickness verified through test.

71142 The solution to be used for this test is to be made from distilled water and is to contain 2

00 grams

per liter of reagent grade chromic acid (CrOs); and 50 grams per liter of reagent grade concentrated sulfuric
acid (H2S0u4). The latter is equivalent to 27 milliliters of reagent grade concentrated sulfuric acid, specific

gravity 1.84, containing 96 % of H2SOa.
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71143 The test solution is to be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube having an inside bore of 0.64 mm (0.025 inch) and a length
of 140 mm (5.5 inches). The lower end of the capillary tube is to be tapered to form a tip, the drops from
which are about 0.025 milliliters each. To preserve an effectively constant level, a small glass tube is to be
inserted in the top of the funnel through a rubber stopper and its position is to be adjusted so that, when
the stopcock is open, the rate of dropping is 100 £5 drops per minute. Where desired, an additional
stopcock is allowed in place of the glass tube to control the rate of dropping.

71144 The representative device and the test solution are to be kept in the test room long enough to
stabilize at room temperature. The room temperature is to be recorded. The test is to be conducted at an
ambient temperature of 21.1 — 32.2 °C (70 — 90 °F)

71145 |Each representative device is to be thoroughly cleaned before testing. All greaselacquer, paint,
and othef nonmetallic coatings are to be removed completely by means of solvents. Reprgsentative
devices gre then to be thoroughly rinsed in water and dried. Care is to be exercised to.avoid contact of the
cleaned qurface with the hands or any foreign material.

71146 |The representative device to be tested is to be supported 18 — 25\mm (0.7 — 1 inch)|below the
orifice, sqthat the drops of solution strike the point to be tested and run off quickly. The surface td be tested
is to be inclined 45° from horizontal.

71147 |The stopcock is to be opened and the time in seconds is to be measured until thg dropping
solution dlissolves the protective metallic coating, exposing-the base metal. The end point is the first
appeararice of the base metal recognizable by the change.in color at that point.

71148 |Each representative device of a test lot is_t0,be subjected to the test at three or mgre points,
excluding cut, stenciled, and threaded surfaces, on the inside surface and at an equal number of points on
the outside surface at places where the metallic cdating is expected to be the thinnest. On enclogure made
from pregoated sheets, the external corners_that are subjected to the greatest deformation are likely to
have thin|coatings.

71149 |To calculate the thickness.ef the coating being tested, the thickness factor from [Table 7.6
applicable for the temperature at which the test was conducted is to be multiplied by the time ip seconds
required fo expose base metal@as noted in 7.11.4.7.

Table 7.6
Thickness Factors
Temperature Thickness factors, 0.0003 mm (0.00001 inch) pgr second
°€ (°F) Zinc platings
211 0y 5980
21.7 (71) 0.990
222 (72) 1.000
228 (73) 1.010
23.3 (74) 1.015
23.9 (75) 1.025
24.4 (76) 1.033
25.0 77 1.042
25.6 (78) 1.050

Table 7.6 Continued on Next Page
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Table 7.6 Continued
Temperature Thickness factors, 0.0003 mm (0.00001 inch) per second

°C (°F) Zinc platings

26.1 (79) 1.060

26.7 (80) 1.070

27.2 (81) 1.080

27.8 (82) 1.085

283 (83) 1.095

289 () 1.100

29.4 (85) 1.110

30.0 (86) 1.120

306 87) 1.130

31.1 (88) 1.144

317 (89) 1.150

322 (90) 1.160
8 Protedtion of Users — Accessibility and User Servicing
8.1 Genegral
8.1.1 Thg requirements in this section apply to paris that are accessible to the user. For profection of
service pgrsonnel requirements, refer to Protection of-S€rvice Personnel, Section 36.
8.1.2 Tojreduce the risk of unintentional contactthat results in electric shock from an uninsulatef live part
or film-co@ted wire, electrical energy — high -current levels, or injury to persons from a moving part, an
opening in an enclosure shall comply withs€ither one of the following:

a)

b)
be

For an opening that has a miner dimension (see 8.1.5) less than 25.4 mm (1 inch), such a part or
witle shall not be contacted by/the probe illustrated in Figure 8.1, or

For an opening thatfias a minor dimension of 25.4 mm (1 inch) or more, such a part or yire shall
spaced from the opéning as specified in Table 8.1.
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Figure 8.1
Articulated Probe
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Table 8.1
Minimum Required Distance from an Opening to a Part that Involves a Risk of Electric Shock,
Electrical Energy-High Current Level, or Injury to Persons
Minor dimension of opening?® Minimum distance from opening to part®
mm (inches) mm (inches)
25.4 @ 165.0 (6-1/2)
318 (1-1/4) 190.0 (7-12)
38.1 (1-1/2) 318.0 (12-1/2)
476 (1-7/8) 3940 (15-1/2)
54.0 (2-18) 444.0 (17-1/2)
c 762.0 (30)
2See8.1.4.
b 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 tharp 54 mm (2-1/8 inches), and not more than 152 mm (6 inches).
8.1.3 ThE probe specified in 8.1.2 and illustrated in Figure 8.1 shall be applied to any accessibl¢ depth of
the opening and shall be rotated or angled before, during, and after insértion through the openipg to any

position tHat is required to examine the enclosure. The probe shallbeapplied in any possible configuration;

and, wherg required, the configuration shall be changed after insertion through the opening.

8.1.4 The probe mentioned in 8.1.3 shall be used as measuring instruments to judge the ac

provided
with a ma

8.1.5 Wi
the larges|

8.1.6 Th
enclosure

8.1.7 EX
be inserte
moved in

8.1.8 Fo
that are a|
position.

y an opening, and not as instruments to judge the strength of a material; they shall b
kKimum force of 4.4 N (1 pound).

th reference to the requirements in 8.12, the minor dimension of an opening is the di
E cylindrical probe that is capable of being inserted through the opening.

shall not touch any uninsulated live part that involves a risk of electric shock.

Cept as noted in 8.4.8; the probe shown in Figure 8.1 and the test pin shown in Figure

vhatever way tequired to make the entire bottom accessible for insertion of the probe.

I a floor-standing unit, the probe and test pin are to be inserted into all openings in th
ccessible without tipping, turning over, or otherwise moving the unit from its intended

Cessibility
e applied

ameter of

P test pin illustrated in Figure8:2, when inserted as specified in 8.1.3 through an opeming in an

8.2 are to

0 as specified in@8.1:3 into all openings, including those in the bottom of the unit. The unit is to be

e bottom
installed

8.1.9 During the examination of a unit to determine whether it complies with the requirements in 8.1.2, a
part of the enclosure that is capable of being opened or removed by the user without using a tool is to be
opened or removed. A fastener, such as a slotted-head thumb screw, that is turned by hand, does not
require the use of a tool.
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Figure 8.2

Test Pin

— la— 4

+0
20 =152 4
] +0
3-0.05
| 1 r
25 10 - - - —
+02 { | 9
+0
420.05
$2962 Dimensions in millimeters

1 mm =0.039 inch
8.2 Usegr servicing
8.2.1 Service functions that are intended to be carried out by the us€nin accordance with the Mgintenance
Instructiops, Section 81, shall comply with the requirements in 822 and 8.2.3.
8.2.2 The user shall not have access to any circuits or uninsulated parts that exceed the linmits for an
LVLE cirduit. If the user is intended to access circuits or parts of the device above these limits, ah interlock
system shall be provided that will completely remove the hazard prior to the user accessing the fprea.
8.2.3 Any user servicing that is intended to he gerformed shall not require the use of a tool to gccess the
area where the servicing is to be performed;.unless the tool is specified and that tool cannot lje used to
access any other area of the device.
9 Electiic Shock
9.1 Personnel protection systems
9.1.1 Electric vehicle «charging system equipment shall be provided with a system of prqtection in
accordange with therequirements in Annex A, Ref. Nos. 20 and 21.
9.1.2 The system of protection shall be either a grounded system or an isolated system.
9.1.3 Fargrounded systems of protection, the bond/ground connection is intended to he carrled on the

vehicle as a level of protection of the user. The connection to the vehicle is a bonding connection in

accordan

ce with Section 17, and it shall be suitably sized for the current involved in the system.

9.1.4 For isolated systems of protection, the output high voltage circuits on the unit, the high voltage in
the output cable, and the high voltage circuits on the vehicle, are to be isolated from all accessible
conductive surfaces and the user. The connection to the vehicle will include a functional grounding
connection utilized for monitoring the isolation of the vehicle high voltage circuits from the vehicle frame.
As the connection is not intended to be a ground bonding connection, it need not be sized for the available
fault currents in the system.
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9.2 Stored energy

9.2.1 The allowable capacitance between capacitor terminals that are accessible as determined by the
requirements in Protection of Users — Accessibility and User Servicing, Section 8, and Protection of Service
Personnel, Section 36, shall satisfy the following expressions. For cord connected units, capacitors in the
primary circuit are considered accessible by contact with the attachment plug blades.

V < 40,000 where C <0.00328
V <729 C07 where 0.00328 < C < 2.67
V < 367 where 2.67<C<13.9
V <2314 Co7 where 13.9 C 2184.5 in a DRY environmert
V <60 where C =2 184.5 in a DRY environment
V <2314 Co7 where 13.9 < C <497 in a WET environment
V<30 where C 2497 in a WET envirenment
in which:

C | is the capacitance of the capacitor in microfarads; and

V [is the voltage across the capacitor in volts. V is to be-easured 5 seconds after the |capacitor
terminals are accessible by the removal or opening{ofvan interlocked cover, or simildr device.
Typical calculated values appear in Table 9.1, and the equation is shown graphically in Figure 9.1.

9.2.2 With reference to 9.2.1, a part involving a.potential of more than 40 kilovolts peak| is to be
investigatéd to determine whether or not it involves, arisk of electric shock.

Table 9.1
Risk of Electric Shock — Stored Energy Current

Environment Capacitance in microfarads® Maximum aIIowa_bIe v_oltagaacross
the capacitor, in volts
Wet or Dry 0.00328 or less 40,000
0.005 29,749
0.01 18,313
0.02 11,273
0.05 5,936
0.1 3,654
62 2249
0.5 1,184
10 729
2.0 449
2.0 449
2.67t013.9 367
20.0 284
50.0 150
100.0 92.1
184.5 60.0

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Environment

Capacitance in microfarads?®

Maximum allowable voltage across
the capacitor, in volts

10 Moupting

Dry only 184.5 or more 60.0
Wet 200 56.7
497 or more 30.0
@ See Figure 9.1.
F;Uul < 3.1
Limits for Voltage Across Capacitance
a — Dry Environment
109 V=40,000 b — Wet Environment
. v=729¢~0.7
o 107 4
S |
Iy 1
S 1
S 1
g 10°4 |
S L
367 =m0
a | —0.7 a
g | 2314 C
3] | —
-:Lc> 102 4 | | [ FV—GO
60 +—— e ——— e
g | i 1 IS b
3 ol e Sa
2 r -1 B - <
r | I | 1} V=30
10 4—f— ! — T '
0.001 0.01 0.1 1 10 0? 10° 10*
0.00328 2.67 13.9 184.5 497
Capacitance in Microfarads
S3260

10.1 Aynitthat is intended to be fastened in place shall have provision for mounting it securely in position.

Bolts, sc

WS, OF Otrier Parts useda 10r securing me mounling mears shdall be inuepenuenl of those used to

secure components of the unit to the frame, base, or panel. The unit shall be removable from the mounting

means without the use of a tool.

10.2 Where used, keyhole slots for mounting screws shall be arranged so that wall-mounting screws do
not project into a compartment containing electrical parts and reduce spacings to less than those specified

in Spacings, Section 23.

10.3 Except as noted in 10.4, for a floor supported unit having bottom ventilation openings, and the
supporting feet are made of rubber or neoprene material, then the aging and physical properties of the
supporting feet material shall be investigated in accordance with the requirements specified in Accelerated
aging tests of supporting feet, Section 73.
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10.4 As specified in 49.5 and 52.1.5 for a unit subjected to the temperature and abnormal tests with the
supporting means removed, this requirement does not apply.

10.5 Afixed in place unit shall not be provided with casters. For all units that are fixed in place by mounting
to a wall, post, pedestal, or other device, the unit shall only be removable with the use of tools. Casters are
not prohibited when they are used solely for transporting the unit and provided with leveling feet that are
intended to be lowered after the unit is installed.

11 Corrosion Protection

11.1 Forrunits—intended—foruse—in—dry—tocations—ontyiron—and-steetparts—shal-be—protected against
corrosion py painting, galvanizing, sherardizing, plating, or other equivalent means. For units,intended for
use in wgt and damp locations, corrosion protection shall be in accordance with 11.3 %¥11.11. This
requirement applies to all enclosure parts, whether of sheet steel or cast iron, and to all springs pnd other
parts upom which intended mechanical operation depends. Bearing surfaces shall be af-such matgrials and
constructdd so that binding due to corrosion is prevented.

11.2 With reference to 11.1, the parts specified in (a) — (d) are not required to be protected against
corrosion:

a) Bearings, or similar parts, where such protection is impracticakle;

b) [A minor part, such as a washer, screw, bolt, or<similar parts, where the failurg of such
unprotected parts does not result in a risk of fire, electrisishock, electrical energy-high currént levels,
or |njury to persons, or the operation of the unit being-affected adversely;

c) A decorative grille that is not required to form-a‘part of the enclosure; and

d) A part made of stainless steel.

11.3 Mefals shall not be used in conjunction such as to cause galvanic action that adversely gffects the
enclosure

11.4 Hinges and other attachments-shall be resistant to corrosion.

11.5 An gnclosure of castikon or malleable iron at least 3.2 mm (1/8 inch) thick shall be protectgd against
corrosion py:

a) A 0.0038.m17(0.00015 inch) thick coating of zinc, or the equivalent, on the outside surface and a
visible coaiing of such metal on the inside surface, or

b) [One coat of an organic finish of the epoxy or alkyd-resin type or other outdoor painf on each

faen \Ahaothaor tha naint mantc tha intant for \which i+ 1o racuirad  chall ha datarimg d b
suHace—Whether—the—paint—-neets—the—intentfor—which—it—is—required—shal-be—deter mined by

evaluation of its composition or, where required, by corrosion tests.

11.6 An enclosure of sheet steel having a thickness less than 3.2 mm (0.126 inch) when zinc-coated or
3.12 mm (0.123 inch) thick when uncoated shall be protected against corrosion by one of the following
means or by other metallic or nonmetallic coatings that have been found to give equivalent protection as
described in 11.8.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G90 in Annex A,
Ref. No. 22 with not less than 40 % of the zinc on any side, based on the minimum single-spot-test
requirement in this ASTM designation. The weight of zinc coating shall be determined by any
applicable method; however, in case of question, the weight of coating shall be established in
accordance with Annex A, Ref. No. 23.
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b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.0155 mm (0.00061 inch) on each surface with a
minimum thickness of 0.0137 mm (0.00054 inch). The thickness of the coating shall be established
by the metallic-coating thickness test described in 7.11.4. An annealed coating shall also comply
with 11.10.

¢) A zinc coating conforming with 11.7 (a) or (b) with one coat of an organic finish of the epoxy or
alkyd-resin type or other outdoor paint on each surface. Whether the paint meets the intent for
which it is required shall be determined by evaluation of its composition or, where required by
corrosion tests.

11.7 An
inch) thic
by other
described

a)
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11.9 Te

or more when uncoated, shall be protected against corrosion by one of the following
metallic or nonmetallic coatings that have been shown to provide equivalent’pro
in11.8.

Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G60

ot-test requirement in this ASTM designation. The weight of zinc Coating shall be dete
y applicable method; however, in case of question, the weight'ef,coating shall be esta
cordance with Annex A, Ref. No. 23. An A60 (alloyed) coating-shall also comply with 1

A zinc coating, other than that provided on hot-dippéd mill-galvanized sheet steel,

nimum thickness of 0.0086 mm (0.00034 inch). The thickness of the coating shall be €
the metallic-coating thickness test described in Section 7.11.4. An annealed coating
mply with 11.10.

Two coats of an organic finish of epoxylor alkyd resin or other outdoor paint on eac
mposition or, where required, by corrosion tests.

Any one of the means specifiediin 11.6.

h reference to 11.6 and 11.7, other finishes, including paints, special metallic fini
ons of the two are determined to be equivalent when comparative tests with galvani
ithout annealing,\wiping, or other surface treatment — conforming with 11.6(a) o

enclosure of sheet steel 3.20 mm (0.126 inch) thick or more when zinc-coated, or 3.12 fnm (0.123
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or A60 in
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rmined by
1blished in
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plied to an average thickness of not less than 0.0104\mm (0.00041 inch) on each surfce with a
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h surface.

hether the paint meets the intent for:which it is required shall be determined by evaluation of its

shes, and
zed sheet
11.7, as

b, indicate they provide equivalent protection. Among the factors that are taken into acc
hether such €eating systems meet the intent of the requirement are exposure to salt sy

x A, Ref."No. 24, for investigation of component coatings.

bunt when
ray, moist

pxide-sulfur.dioxide-air mixtures, moist hydrogen sulfide-air mixtures, ultraviolet light, and water.

st\Specimens of a finish as described in 11.5(b) or 11.8, 11.6(c), or 11.7(c), when the paint is

tested, are to be consistent with the finish that is to be used in production with respect to the base metal,
cleaning or pretreatment method, application method, number of coats, curing method, thickness, and
similar factors.

11.10 A hot-dipped mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing and that is not otherwise required to be painted shall be painted in the bent
or formed area if the bending or forming process damages the zinc coating, except that such areas on the
inside surface of an enclosure that are not exposed to water, as determined by the environmental testing
of 7.11, are not required to be painted. The zinc coating is evaluated at the outside radius of the bent or
formed section visible at 25 power magnification. Simple sheared or cut edges and punched holes are not

formed.
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11.11 Additional protection against corrosion is not required for aluminum, stainless steel, polymeric
materials, copper, bronze, or brass containing at least 80 % copper.

12 Mechanical Assembly

12.1 Loosening of parts in a unit as a result of vibration due to handling and operation of the unit shall not
result in a risk of fire, electric shock, injury to persons, or electrical energy — high current levels.

12.2 Screws with lock washers applied as intended, screws tightened by means of a power tool, rivets,
and staked and upset screws are considered not subject to loosening. See 12.3.

12.3 The construction of staked and upset screws is to consist of an interference fit between the nut and
bolt resulfing in uneasy turning of the screw. This shall be accomplished by the use of\a center punch
applied to|the end of a bolt after assembly, mismatching of the nut and bolt threads, orthe'équivalent.

12.4 A rptating part that, when loosened, results in a risk of fire, electric shock;el€ctrical energy — high
current leyels, or injury to persons shall be assembled so that the direction of-fotation tends to tighten the
means that hold the rotating part in place. A keyed part, a press fit, a partflocked in place with a pin, or
equivalent means to hold a rotating part in place is allowed.

12.5 Exgept as noted in 12.6, a switch, fuseholder, lampholder{attachment-plug receptacle, motor-
attachment plug, or other component that is handled by the operator shall be mounted securely| not turn,
and comply with the requirements specified in 12.7.

12.6 A sitch is not prohibited from turning when ali the foitowing conditions are met:

a) [The switch is of a plunger, slide, or other'type that does not tend to rotate during|intended
opgration (a toggle switch is considered to-be subjected to forces that tend to turn the switch);

Ry

b) [The means of mounting the switchreduces the risk that operation loosens the switch;
¢) Bpacings are not reduced below the minimum required value where the switch rotates; ahd

d) |Intended operation of the switch is by mechanical means rather than by direct cpntact by
pefsons.

12.7 The means of securing components mentioned in 12.5 shall include more than friction| between
surfaces. A lock washeris an example of a means to secure a device having a single-hole mounting means.

12.8 Exgept as-noted in 12.9, a blower or fan motor including the blower or fan blade ifself shall
be securdd by-bolts and nuts complying with 12.3, bolts and nuts having holes or slots with cotter pins
applied aq intended, bolts having a compression type lock nut, rivets, or the equivalent means to reduce the
risk of the motor, blower, or fan blade from vibrating loose and falling from its mounting support.

12.9 The following blowers and fans are not required to comply with 12.8:

a) A blower or fan motor, including the blower or fan blade itself, secured by means described in
12.2 and oriented, positioned, or located above a barrier such that either the motor, blower, or fan
blade does not contact other components resulting in a risk of fire, electric shock, or electrical
energy — high current levels in the event that such parts vibrated loose from their support; and

b) Blowers and fans rated 5.66 cubic meter (200 cubic feet) per minute or less.
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13 Swit

ches and Controls

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

13.2 A primary-circuit switch that controls an inductive load having a power factor less than 75 %, such
as a transformer or some ballasts and that does not have an inductive rating, shall be either rated not less
than twice the maximum load current under normal operating conditions, or be investigated for the
n.

applicatio
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bwitch or other device controlling a relay, solenoid coil, or similar device shall have &
nded for the application.

has been

pilot duty

ch pole of a snap switch rated as a 2-circuit, 3-circuit, or multi-circuit switch may control

ding 139 volts and the three poles may control the three legs of a 3-phase, 240- volt |

40-volt or 250-volt snap switch used in a circuit involving more than 120 volts to grour
such use as indicated by a double underlining under the voltage rating.

witch shall not disconnect the grounded conduictor of a circuit unless:
The switch simultaneously disconnecis-all'conductors of the circuit; or

The switch is so arranged that the-grounded conductor is not disconnected until the un
nductors of the circuit have been‘disconnected.

id state switches shali‘\.comply with the requirements in this standard. Mecha
chanical switches shall comply with the applicable requirements for switches such as
bs. 25 and 26, or gther applicable standards.

139 W

ere a unit switch or circuit breaker is mounted such that movement of the operati

between the on pasitiori and off position results in one position being above the other position,
position ghall be the’on position. This requirement does not apply to a switching device having
one on position,;a double throw switch, a rotationally-operated switch, or a rocker switch.

separate

e full voltage rating of the switch. Each pole of a snap switch ratéd}ds a 240-volt, 2-pple switch
ol a separate 120-volt load, and both poles are not prohibited from,controlling both legs pf a single
pad. Each pole of a snap switch rated as a 240-volt, 3-pole switch may control a sepprate load

ad.

d shall be
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hical and
in Annex
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14 Suppty Commections

14.1 Pe

rmanently connected units

14.1.1 General

14111

Except as noted in 14.1.1.2, a permanently connected unit shall have provision for connection
of a wiring system. This provision shall consist of either wiring terminals as specified in 14.1.1.4 —
14.1.2.15 or wiring leads as specified in 14.1.1.4 and 14.1.3.1 — 14.1.3.8 and a means for connection of
cable or conduit as specified in 14.2.1.
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14112 The requirements described in 14.1.1.4 — 14.1.3.4 do not apply to the means for connection to
accessible signal circuits complying with the requirements specified in Section 26.

14113 The requirement in 14.1.1.1 applies to the wiring connection means for the alternating current
and direct current input and output power circuits of a unit for connections that are intended to be made in
the field when the unit is installed.

14114 A wiring terminal or lead shall be used for the connection of a conductor having an ampacity
based on Table 310-16 of Annex A, Ref. No.1 (Mexico and US) and Table 2 of Annex A, Ref. No. 1
(Canada) and of no less than 125 % of the maX|mum current that the circuit carries during rated conditions
described m).

14.1.2 Wiring terminals

14121 [A wiring terminal shall comply with the requirement in 14.1.1.4 for the type«af eonductorfor which
it is markgd. See 76.2.9.

14122 |[Except as noted in 14.1.2.3 and 14.1.2.4, a wiring terminal shall\be provided with a| pressure
terminal cpnnector of other than the crimping type that is securely fasteried in place — for example, firmly
bolted or eld by a screw.

14123 |A pressure terminal connector, including a crimpingtype, may be used when field-irstalled in
accordange with 14.1.2.7.

14124 |A wire-binding screw may be employed at a wiring terminal intended for connection of 4 10 AWG
(5.3 mm?3)[or smaller conductor where upturned lugs, actipped washer, or the equivalent is providgd to hold
the wire ir] position.

14125 |[Except as noted in 14.1.2.6, a wiring terminal shall be prevented from turning or $hifting in
position by a means other than friction bétween surfaces. This shall be accomplished by two $crews or
rivets; by pquare shoulders or mortises; by a dowel pin, lug, or offset; by a connecting strap or|clip fitted
into an adjacent part; or by an equiyalent method.

14126 |[A pressure terminal.connector of the type that secures the wire by crimping and used in
accordange with the requirements.in 14.1.2.7 may turn when the least spacing between adjacent|terminals
and also Qetween terminals-and non-current carrying metal parts, complies with Spacings, Sectipn 23, for
when conpectors are.griented in such a position that results in these spacings.

14127 |In aceerdance with 14.1.2.3 and 14.1.2.6, a pressure terminal connector is not requfred to be
provided when.the conditions in (a) — (e) are complied with:

a) One or more component terminal assempblies shall be avallable irom the unit manuiacturer or
others, and they shall be specified in the instruction manual. See 78.2 (b) and (c).

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

¢) 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
than an ordinary tool for securing the conductor, identification of the tool and any required
instructions shall be included in the assembly package or with the unit. See 78.2(d).
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e) Installation of the pressure terminal connector in the intended manner shall result in a unit
complying with the requirements of this standard.

14128 Aninsulating base for support of a pressure terminal connector shall be subjected to the Strength
of Terminal Insulating Base and Support Test, Section 59.

14129 Exceptas noted in 14.1.2.10 and 14.1.2.11, a wire-binding screw at a field-wiring terminal shall
not be smaller than No. 10 (4.8 mm diameter).

141210 A No. 8 (4.2 mm diameter) screw being used at a terminal intended only for the connection of a

14AWG 2.4 2) ol % o Wal 40 AN\AICS (4 faWaYal 2) % 1 H HY <l % H ” d
<. LT )y CUNMUULiulr ura LU U LO AVVO (L.o Ul ' U.OZ T ] CUTTIUNUIELITLUIt CUTTUULLUT 1o owed.

141211 | A No. 6 (3.5 mm diameter) screw used for the connection of a 16 or 18 AWG1:3)0r 0.8 2 mm?3)
control-cifcuit conductor is allowed.

141212 | A wire-binding screw shall thread into metal a minimum two full threads,

141213 | Aterminal plate tapped for a wire-binding screw shall be of metal not less than 1.27 mm (0.050
inch) thick. A terminal plate less than 1.27 mm (0.050 inch) thick may beMsed in a LVLE circuit|or limited-
energy circuit (see 2.24 and 2.22) when the tapped threads withstand-the tightening torque specified in
Table 141 without stripping.

Table 14.1
Tightening Torque for Wire-Binding Screws
Size of terminal Wire sizes to be tested? Tightening torqgie
screw, fumber mm? AWG Newton meters | (Pouhd-inches)
4 1.31-0.824 (ST) 16— 18 (ST) 1.4 (12)
g 2.08 (S)and 1.31-0.824 (ST) 14 (S) and 16 — 18 (ST) 18 (16)
1p 5.26 — 2.08 (S) and.1.31—0.824 10-14(S)and 16 - 18 23 (20)
(ST (ST)
2 ST — strgnded wire; S — solid wire.

141214 | There shall be_fwo or more full threads in the metal of a terminal plate. When thge metal is
extruded jt the tapped:hole, at least two full threads shall be provided. Two full threads are not r¢quired for
aterminal in a LVLE@riimited-energy circuit — see 2.24 and 2.22 — when a lesser number of thregds results
in a secufe conneetion in which the threads do not strip when subjected to the tightening torque specified
in Table 14.1.

141.2.15
circuit shall be identified as described in 76.2.12.

OrTent power

14.1.3 Field wiring leads

14131 Except as noted in 14.1.3.2 and 14.1.3.3, a field-wiring lead shall not be more than two wire
sizes smaller than the copper conductor to which it is connected, and shall not be smaller than 18 AWG
(0.82 mm?), for example, a 10 AWG (5.3 mm?) or larger field-wiring lead is required for connection to a 6
AWG (13.3 mm?) field-provided conductor. The exposed length of the field-wiring lead shall not be less
than 152.4 mm (6 inches) long.

14132 A 18 AWG size field-wiring lead may be connected to a 12 AWG (3.3 mm?) size branch-circuit
conductor.
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14133 A lead may be more than two wire sizes smaller than the field-provided copper conductor to
which it is connected, and not smaller than 18 AWG (0.82 mm?2), when more than one factory-provided
copper lead is intended for connection to the same field-provided lead, and the construction complies with
the conditions in (a) — (c):

a) A wire connector for connection of the field-provided wire is provided as part of the unit or remote-
control assembly, and the wire connector is intended for the combination of wires that are spliced;

b) The factory-provided leads are bunched or otherwise arranged so that stress does not result on
an individual lead; and

& i ielaal i <l skl 700 N/ N
C) TMotTULUuUTIS AT PJruovidtu i avtutuaricT Wil 71 0.2(T).

14134 |In the US and Mexico, a field-wiring lead shall consist of general building wire,\or other wiring
where it hgs a rubber or thermoplastic insulation, and the insulation shall not be less than0.8-rhm (1/32-
inch) thicK. In Canada, a field-wiring lead shall be of a type permitted by Table 19 of the €anadian|Electrical
Code Parf 1.

14135 [Afield-wiring lead shall be subjected to the test specified in 54.2.3.

14136 |[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 df the wiring lead unless the screw or connector is rendefed unusable for field-wiring cpnnection
or the leadl is insulated at the unconnected end, and a markiag is’ provided on the unit in accordance with
76.2.16.

14137 |[The free end of a field-wiring lead that is notised in every installation, such as a tap for a multi-
voltage transformer, shall be insulated. For a grounding lead, see 18.1.8.

14138 |A field-wiring lead for connection of the identified/grounded conductor shall be ideptified as
described|in 76.2.12.

14.1.4 \Wiring compartments

14141 [Awiring compartmenton a permanently-connected unit shall be located so that wire cohnections
therein arg accessible forinspection, without disturbing either factory or field connected wiring{ after the
unit is installed in the intended manner.

14142 [Wiring conipartments, raceways, or similar devices for routing and stowage of cxnductors
connected in the-field shall not contain rough, sharp, or moving parts that are capable of glamaging
conductor|insulation.

14.2 Openings for conduit or cable connection

14.2.1 For a permanently-connected unit, an opening or knockout complying with the requirements
specified in 7.7.1 — 7.7.8 shall be provided for connection of conduit or cable wiring system. A unit
complying with the requirements specified in 7.7.6 and 7.7.7 is not required to be provided with an opening
or a knockout.

14.3 Openings for Class 2 circuit conductors

14.3.1 An opening for the entry of a conductor or conductors of a Class 2 circuit shall be provided with an
insulating bushing. The bushing shall be mounted in place in the opening or shall be within the enclosure
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so that it is mounted as intended when the unit is installed. The bushing is not required when the opening
accommodates armored cable or conduit and the installation instructions indicate that Class 1 wiring
methods are to be used as indicated in 78.2(n).

14.3.2 A bushing of rubber or rubber-like material provided in accordance with 14.3.1 shall be at least 3.2
mm (1/8 inch) thick, except that it shall be not less than 1.2 mm (3/64 inch) thick where the metal around
the hole is eyeletted or similarly treated to provide smooth edges. A bushing shall be located so that it is
not exposed to oil, grease, oily vapors, or other substances having a deleterious effect on the material of
the bushing. A hole in which such a bushing is mounted shall be free from sharp edges, burrs, projections,
or similar objects that are capable of damaging the bushing.

14.4 Colrd—connected units
14.4.1 General

14411 |For a portable unit or a fastened in place unit, flexible cords and attachment plugs and
receptacles shall be used for connection to the supply circuits. The requirements'described in 14.4.2.1 —

14.4.2.5 qo not apply to a Class 2 circuit or to an accessible signal circuit complying with the requirements
in Accesdible Signal Circuits, Section 26.

14.4.2 Cords and plugs

14421 | The cord shall be Type G, SEOW, SOW, SOOW, STOW, STOOW, SJIEOW, SJOW, SJTOW, W,

or a cord|that is equally serviceable in accordance with Annex A, Ref. No. 27. The length of the|cord used
for the supply circuit is measured from the face of the attachment plug to the point where the cordl emerges
from the ynit. The length of the power supply cord shaltbe as follows:

a)|For all units in which the interrupting device of the personnel protection system as dedcribed in
9.1 is located within 0.3 meters (12 inches) of the receptacle, the power supply cord shall be not
mpre than 4.6 meters (15 feet).

b)|For portable units, where thednterrupting device of the personnel protection system as|described
in]9.1 is located within the groduct enclosure, the power supply cord shall be not more tHan:

1) For Canada;«1:8 m (6 feet); and
2) For Mexico and the US, 300 mm (12 inches).

c)|For fastened-in place units, where the interrupting device of the personnel protection pystem as
dgscribed\in/9.1 is located within the product enclosure and the unit is installed at a height that
preventsthe power cord from touching the floor when plugged into the proper receptacle, the power
sUpply cord shall be not more than 1.8 m (6 feet).

14422  The voltage rating of a flexible cord shall be at least the rated voltage of the unit, and its ampacity
shall be at least the current rating of the unit.

14423  The attachment plug of a supply cord shall have a current rating in accordance with 14.4.2.4 and
have a voltage rating corresponding to the rated voltage of the unit.

14424  With reference to 14.4.2.3, the current rating of the attachment plug shall not be less than
125 % of the rating of the unit.

14425 In Canada, the attachment plug shall be of the grounding type.

In Mexico and the US, the attachment plug shall be of the non-locking, grounding type.
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14.5 Strain relief
14.5.1 General

14511  Strain relief shall be provided to reduce the risk of mechanical twisting or stress on a flexible
power cord or EV cable from being transmitted to terminals, splices, or interior wiring. The means for
preventing twisting is to be evaluated by inspection. The means for preventing stress on power supply
cords are to be evaluated by the Strain Relief Tests, Section 54, and the Flexing Test, Section 55. The
means for preventing stress on EV cables are to be evaluated by the EV Cable Securement Test, Section
56.

14512 |Aknotin aflexible cord shall not serve as means for strain relief.

14513 |A metal strain relief clamp shall be provided with auxiliary insulation over the,cofd if damage to
the cord insulation results from the Strain Relief Test in Section 56.

14514 [Means shall be provided to prevent a flexible power cord from being!pushed into the gquipment
through the cord entry hole if such displacement would:

a

Ry

Result in mechanical damage to the cord,;
b) Expose the cord to temperatures higher than that for which the cord is rated; or

¢) Reduce spacings below the minimum acceptable level.
14.6 Busghings
14.6.1 Af the point at which a supply cord passes through an opening in a wall, barrier, or the overall
enclosure| there shall be a bushing or the equivalent that is secured in place and that has a smqoth, well-

rounded durface against which the cord bears.

14.6.2

risulating bushings shall complywith the requirements in Annex A, Ref. No 28.

14.6.3 Albushing of the same material as is molded integrally with the supply cord may be used|when the
built-up sgction is not less tharg\1.6 mm (1/16 inch) thick at the point at which the cord passes thyough the
enclosure

14.7 Idehtification

14.7.1 Alunijt(shall have the grounded/bonded conductor connected to the following items when|provided:
the screw| sheéll of an Edison-base lampholder and the screw shell of an Edison-base fusehdlder. The
grounded/bordedtomductor of = fixed i ptace umit strat-becommectedtothefretd=wirimgtermmimal intended
for the connection of a grounded/bonded conductor — see 14.1.2.15 — or shall be connected to the field-
wiring lead intended for the connection of a grounded/bonded conductor — see 14.1.3.8. The
grounded/bonded conductor of a portable unit shall be connected to the blade of the attachment plug
intended for connection to the grounded supply conductor. A single-pole switch or single-pole overcurrent
protective device, other than an automatic control without a marked off position shall be connected to the
ungrounded conductor. See also 13.8.

15 Wire Bending Space

15.1 A permanently connected unit employing pressure terminal connectors for field connection of circuits
described in 14.1.1.3 shall be provided with space within the enclosure as specified in 15.3 — 15.7
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for the installation of conductors including bonding/grounding conductors that are employed in the
installation.

NOTE: In Canada, equipment complying with CSA C22.2 No. 0.12 is considered to comply with this requirement.

15.2 The conductor size used in judging the wiring space is to be based on the use of a conductor sized
in accordance with 14.1.1.4.

15.3 Wire bending space for field installed conductors shall be provided opposite any pressure wire
connector as specified in 15.4 or 15.5 and opening or knockout for a conduit or wireway in a gutter as
specified in-15.9

15.4 Wlen a conductor is capable of entering or leaving the enclosure surface oppoSite its wire
connectof, the wire bending space shall be as specified in Table 15.1. A wire is capable of gntering or
leaving aftop, back, bottom, or side surface when there is an opening or knockout for awireway dr conduit.
Table 15.1
Minimujm Wire-Bending Space for Conductors Through a Wall Opposite/Terminals in mm [inches)
Wirg size Wires per terminal (pole)?
All/ggi(l)r mm? 1 2 3 4 or mpre
14-10 | 2.1-53 Not Specified - - -
AWG
8 8.4 381  (1-112) - - -
6 133 50.8 ) £ - -
4 211 76.2 ©) - - -
3 26.7 76.2 ©) . - -
2 336 889  (3-1/2) - - -
1 424 114 (4-1/2) - - _
0 535 140  (5-1/2) § ) 140 179 @ -
2/0 67.4 152 ®) 152 191 (7-1/2) -
3/0 85.0 165 ((8-1/2) | 165 127  (6-12) | 203 ®) -
4/0 107 179 @ 191 381 (7-12) | 216 127 (8-1/2) -
250 127 246 (8-1/2) | 216 508  (8-1/2) | 229 25.4 ©) 254 (10)
kemil
300 152 254 (10) 254 50.8 (10) 279 254 12) 305 12)
350 177 305 (12) 305 76.2 12) 330 76.2 (13) 355 50.9 (14)
400 263 336 3) 336 762 £43) 355 762 {44y 384 762 (15)
500 253 355 (14) 355 76.2 (14) 381 76.2 (15) 406 76.2 (16)
600 304 381 (15) 406 76.2 (16) 457 76.2 (18) 483 76.2 (19)
700 355 406 (16) 457 76.2 (18) 508 76.2 (20) 559 76.2 (22)
750 380 432 17) 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) - - -

Table 15.1 Continued on Next Page
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Table 15.1 Continued
Wire size Wires per terminal (pole)?
AWG or 2
kemil mm 2 3 4 or more
1500 760 610 (24) - - -
1750 886 610 (24) - - -
2000 1013 610 (24) - - -

evaluated.

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

conditions:

2Wire benfling space is not prohibited from being reduced by the number of inches shown in brackets under the followinp

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\structural or glectrical
parts other than a cover, and are installed with the conductor in place.

15.5 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 152xThe wire bending sgace is in

accordange with Table 15.2 when a barrier is provided between the connector and the opening, orfdrawings
are provided specifying that the conductors are not to enter or leave'the enclosure directly opposite the
wire conngctor. See lllustrations A, B, and C of Figure 15.1.

Terminals inkmm (inches)

Table 152
Minimum Width of Gutter and Wire-Bending Spacefor Conductors Through a Wall Not Ogposite

Vire size Wires per terminal (pole)
AWG or mm? 1 2 3 4 5
kemil
1:VT/C150 21-53 Spglcc#ied \" - - - -
8-6 8.4-133 38.1 (1-172) - - - -
4-3 21.1-26.7 50.8 2 - - - -

2 336 635 (2-112) - - - -

1 24 76.2 ©)) - - - _
1/0-2/0 53.5-)7.4 88.9 (3-1/2) 127 (5) 178 @) - _
3/0-4/0 85:0— 107 102 (&) 152 (6) 203 () - -

250 kemij 127 114 (4-112) 152 (6) 203 ® 254 (10) -

300 - 350 152 -177 127 5) 203 ® 254 (10) 305 (12) —

400 - 500 203 - 253 152 ©) 203 (8) 254 (10) 305 (12) 356 (14)

600 — 700 304 - 355 203 ()] 254 (10) 305 (12) 356 (14) 406 (16)

750 — 900 380 — 456 203 8) 305 (12) | 356 (14) | 406  (16) | 457  (18)
1000 — 1250 507 - 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.

15.6 When a conductor is restricted by a barrier or other means from being bent where it leaves the
connector, the distance is to be measured from the end of the barrier. See illustration D of Figure 15.1.
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Figure 15.1
Wire Bending Space
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D, is the disfance betweefi.a.ire connector or an adjacent barrier and the opposite wall that conductors are intended to gass through.

D, is the distance betweeh a wire connector or an adjacent barrier and the opposite wall or barrier that conductors are nqt intended to
pass through.

D is the width©f-awiring gutter having a side through which conductors are intended to pass through.
& A conduit i knackout i i i i i
space specified in Table 15.1.
5 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 15.2.

¢ 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 15.2.

4 When a barrier or other means is provided restricting bending of the conductor, the distance D; or Dy, as applicable (see notes for
D; and D, above) is to 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 15.2.

provided in the \wall oppao e the ferminag Q D nall not pe le

wire bending
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15.7 For a unit not provided with a conduit opening or knockout — see 7.7.6 — the minimum wiring bending
space mentioned in 15.4 — 15.6 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 unit.

15.8 The distance mentioned in 15.3 — 15.5 is to 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 15.1. The wire terminal is to 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—preventturning—such—as—aboss—shoulder—walls of arecess—multiplebolts—seguring the
connector} or similar part. A barrier, shoulder, or similar part is to be disregarded where the mieasurement
is being npade when it does not reduce the radius to which the wire must be bent. Where & términal is
provided \vith one or more connectors for the connection of conductors in multiple, the.distancg is to be
measured from the wire opening closest to the wall of the enclosure. See aiso 15.6.

15.9 Exdgept as noted in 15.10, the width of a wiring gutter in which one or menelknockouts arg provided
shall be large enough to accommodate (with respect to bending) conductors-of the maximum size that are
used at that knockout. The values of the minimum required width of @ wiring gutter, with respect to
conductorg entering a knockout, are the same as the values of minimum réquired bending spacg given in
Table 15.2. See illustration E of Figure 15.1.

15.10 THhe wiring space is not required to be of this width when’knockouts are provided elsewhere that
are in conppliance with these requirements, the wiring space.atsuch other point or points is of a vidth that
accommogplates the conductors in question, and the knockeut or knockouts at such other points afe used in
the intended wiring of the unit.

16 Extefnal Connections and Wiring
16.1 Oufput Cable to the electric vehicle

16.1.1 Ah EV receptacle, EV plug,-#ehicle connector, or vehicle inlet shall comply with the reqlirements
in Annex A, Ref. No. 29.

16.1.2 The output cable to thé electric vehicle shall be connected to the EV charger and shall int¢rconnect
the charger output and the.vehicle inlet. The cable shall comply with one of the following:

a) [The cableshall be Type EVJ, EVJE, or EVJT, used with chargers having output voltages 300
volts or less,.and the conductors shall be suitably sized for the ampacity involved. See 16.1.3.

b) [Thé-cable shall be Type EV, EVE, or EVT, used with chargers having output voltages 1500 volts

or less_and the condiictors shall be Qui'rahly sized for the nmpar‘i'ry involved See 161 3

¢) The cable shall be of any type, suitably insulated for the output voltage of the charger, see
16.1.4, and the conductors shall be suitably sized for the ampacity involved. See 16.1.3.

16.1.3 In the US and Mexico, with reference to 16.1.2 (a), (b), and (c), conductors may be sized in
accordance with Annex A, Ref. No. 1, Table 400.5(A)(1) for up to 8 AWG, and Table 400.5(A)(2) for 8 AWG
and larger. Alternatively, the cable can be tested to show that under continuous conditions of use at rated
current values, the insulating materials of the cable do not exceed their maximum rated temperatures.

In Canada, conductors may be sized in accordance with the Annex A, Ref. No. 1, Table 12.
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16.1.4 With reference to 16.1.2(c), the suitability of the cable for the voltage involved can be determined
by a Dielectric Voltage-Withstand Test, Section 50, across the applicable insulation within the cable.

16.1.5 Inthe US and Mexico, and in dry locations in Canada, the overall length of the cable intended for
connection to an EV shall not exceed 7.63 m (25 feet) unless the charger is equipped with a cable
management system that is suitable for the purpose.

In Canada, the overall length shall not exceed 5 m (16.5 feet) unless the charger is equipped with a cable
management system that is suitable for the purpose.

1616 Eraved- 1 i £ it—aloalllo 4 tarcllo L H Lok 1 1 +lo h
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the connection is not energized unless it is coupled to the EV.

16.1.7 Hxternal connections of a unit shall be protected by a means that de-energizes |the cable
conductofs and connector upon exposure to a strain which results in either cable ruptufe or separation of
the cable|from the vehicle connector and allows for access to live parts.

16.2 Vehtilation connections

16.2.1 $ome electric vehicles may contain batteries that vent gases«during charging. These battery types
shall not| be charged indoors unless proper ventilation is provided to remove the expell¢d gases.
Permaneptly connected charging equipment that is designed~to charge batteries that requlre proper
ventilation shall be electrically interconnected with the ventilating’system such that the charging ¢quipment
will not sthart charging or will terminate charging if the ventilation system is not operational.

16.2.2 The provisions for connection shall consist of;

a)| Either wiring terminals as specified 4m14.1.1.4 — 14.1.2.15 or wiring leads as specified in
14.1.1.4,14.1.3.1 - 14.1.3.8, and

b)[A means for connection of cahle or conduit as specified in 14.2.1.

16.2.3 A permanently connected\unit which is not designed to charge batteries that require yentilation
shall be marked in accordancetwith 76.3.17.

16.2.4 A portable unit orla jastened in place unit shall be marked in accordance with 76.3.17.
17 EV Bonding

17.1 The petsonnel protection system required by 9.1 will be either a grounded system of prgtection or
an isolatefd System of protection. For grounded systems of protection, the output circuit of a| unit shall
provide a means for bonding the EV when connected. For 1solated systems of protection, the vehicle shall

be isolated from the source and the bonding means provided for monitoring purposes only. When bonded
as part of a grounded system of protection, the bonding conductor shall not be smaller than the conductors
supplying current to the EV or the conductor shall be evaluated in accordance with the Bonding Conductor
Connection Test, Section 60.

18 Equipment Bonding/Grounding
18.1 Input circuits

18.1.1 There shall be provisions for bonding/grounding all non-current-carrying conductive parts that are
exposed or that possess a risk of being contacted by a person during intended operation or adjustment
and that are capable of becoming energized as a result of electrical malfunction.
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18.1.2 The provisions for equipment bonding/grounding specified in 18.1.1 shall be provided for the input
wiring system to be connected to the alternating current supply. Accessible signal circuits described in
Accessible Signal Circuits, Section 26 are not required to have provisions for equipment grounding.

18.1.3 To determine whether a part is capable of becoming energized, factors such as construction, the
proximity of wiring, and results of a dielectric voltage-withstand test conducted after the appropriate
overload, endurance, and abnormal tests are to be evaluated.

NOTE: In Canada, a construction in compliance with CSA C22.2 No. 0.4 Clause 4.2 is considered to comply with this requirement.

squipment-

18.1.5 equipment-grounding or bonding terminal means or lead shall be connectedito the| frame or
enclosure| by a positive means, such as by a bolted or screwed connection. Te\reduce the risk of
inadvertent loosening, the head of the screw or bolt shall not be accessible from outside of the gnclosure.
The head |of a double-nut secured bolt or screw is not required to comply with respect to accessibility.

NOTE: In Cgnada, a construction in compliance with CSA C22.2 No. 0.4 is considered to comply with this requirement.

18.1.6 Ah equipment-grounding or bonding connection shall penetrate a nonconductive coating, such as
paint or vifreous enamel.

18.1.7 Ah equipment-grounding point or bonding means shall be located so that the risk of inaglvertently
removing the grounding means during servicing is reduced.

18.1.8 A|free end of an equipment-grounding or bonding lead shall be insulated (for example, the end is
to be fold¢d back and taped to the lead) unless the'lead is located so that it does not contact liie parts in
the event that the lead is not used in the field.

18.1.9 Ejicept as noted in 18.1.10, an‘€quipment-grounding or bonding lead shall be a size intended for
the applicption in accordance with Annex A, Ref. No. 1 (Mexico and US) and Annex A, Ref. No| 1, Table
16 (Canada). The lead shall have a free length of at least 152 mm (6 inches) and the surface of the jnsulation
shall be green with or without ore ‘or more yellow stripes. No other lead in a field-wiring compdrtment or
visible to the installer shall he so identified.

In Canadg, CSA C22.2:\N0. 0.4 shall be consulted for alternate markings.

18.1.10 [he calotedding requirement does not apply to low-voltage Class 2 circuits when the loy- voltage
leads are:

1 P | + £ +lo IH Iy 'H atla +1 L 'th th
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requirements in Separation of Circuits, Section 28, or

b) Marked in accordance with 76.2.17.

18.1.11 The equipment-grounding/bonding conductor of a power-supply cord shall be connected to the
grounding blade of a grounding attachment plug and shall be connected to non-current carrying metal parts
within the frame or enclosure by means of a screw not to be removed during ordinary servicing not involving
the power-supply cord. The surface of any insulation on the grounding/bonding conductor shall be green
with or without one or more yellow stripes and no other conductor shall be so identified. See

76.3.12. An external force applied to the power-supply cord shall not transmit stress to the equipment-
grounding/bonding connection on the frame or enclosure before the line-voltage connections are broken.

NOTE: In Canada, a construction in compliance with CSA C22.2 No. 0.4 is considered to comply with this requirement.


https://iecnorm.com/api/?name=43ec0831632b6bd57f71adf54a4b2441

NMX-J-817-ANCE-2022 ¢« CSA C22.2 No. 346:22 ¢ UL
DECEMBER 15, 2022 2202 45

18.1.12 An equipment-grounding/bonding conductor shall not be spliced.

18.1.13 A soldering lug, a connection means that depends on solder, a screwless (push-in) connector, a
quick-connect, or other friction-fit connector shall not be used for equipment-grounding/bonding. A quick-
connect terminal that is additionally secured by soldering may be used for connection of an equipment-
grounding/bonding conductor of a power-supply cord to non-current carrying metal parts within the unit.

NOTE: In Canada, a construction in compliance with CSA C22.2 No. 0.4 is considered to comply with this requirement.

18.1.14 The equipment-grounding/bonding terminal shall be capable of securing a conductor of a size
intended forthe :\pplir‘:\finn inaccaordance with Annex A, Ref Nao 1 . and-shallbe constructed-inaccordance

with the requirements specified in 14.1.2.1 — 14.1.2.14.

18.1.15 |A wire-binding screw employed for the connection of a field-installed ¢quipment
grounding/bonding conductor shall have a green colored head that is either hexagonal, slotted, or both,
and have|a head diameter of not less than that specified for pan head screws in_ Aanex A, Ref[No. 30. A
pressure [wire connector intended for connection of such a conductor shall be imarked as described in
76.2.10.

19 Bonfing of Internal Parts

19.1 Or] a unit having provisions for bonding/grounding — see-18.1.1 — all exposed non-curremt-carrying
conductie parts that are capable of becoming energized thrnough electrical fault that involve$ a risk of
electric shock or electrical energy — high current levels, shall be conductively connected to the ¢quipment
bonding/grounding means.

19.2 Exfept as noted in 19.3, in a unit having provisions for bonding/grounding, all uninsulated metal
parts of the enclosure, motor frames and mounting brackets, component mounting brackets, gapacitors,
and othef electrical components that involve‘\a Tisk of electric shock or electrical energy — high current
levels, shall be bonded when they are capable of being contacted by the user or inadvertently [contacted
by the quglified electrical maintenance personnel.

19.3 Anon-current carrying metal'part as described in (a) — (g) is not required to be bonded:

a)| An adhesive-attached metal foil marking label, a screw, a handle, or similar devite, that is
logated on the outside’of an enclosure or cabinet and isolated from electrical componentp or wiring
byl bonded/groufided metai parts so that the risk of them becoming energized is reduced,

b)|An isolated*metal part, for example, a magnet frame and an armature, a small assemply screw,
or| similar-device, such that a physical separation is maintained from wiring and uninsylated live
pdrts:

¢) A panel or cover that does not enclose uninsulated live parts when wiring is physically separated
from the panel or cover so that the risk of them becoming energized is reduced.

d) A panel or cover that is insulated from electrical components and wiring by an insulating barrier
of vulcanized fiber, varnished cloth, phenolic composition, or similar material not less than 0.8 mm
(1/32 inch) thick and secured in place.

NOTE: In Canada, an insulating panel and cover construction in compliance with CSA C22.2 No. 0.4 is considered to
comply with this requirement.

e) An isolated metal part that is mounted on a printed wiring board — such as transformer and choke
cores and heat sinks.

f) In Mexico and the US, an isolated metal part that is marked in accordance with 76.3.11.
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In Canada, sub-clause f) is not permitted. Clause 4.2 of C22.2 No. 0.4 shall apply.
g) A capacitor sleeved with insulating tubing complying with 23.2.4.

19.4 Inthe US and Mexico, an internal connection for bonding internal parts to an enclosure, and not for

a field-installed bonding/grounding conductor or for the bonding/grounding conductor in a supply cord, shall
not employ a quick-connect terminal unless:

In Canadg, CSA C22.2 No. 0.4 shall apply for quick-connect. See Annex A of No. 0.4.

¢) [The component is limited to use on a circuit having a branch-circuit protective device s
amperes or less.

a) The connector is capable of being displaced,

b) The terminal has the dimensions specified in Table 19.1, and

Table 19.1
Quick-connect Terminals for Bonding Internal Parts

ated 20

Nominal size of terminal, mm (inches)

Width Length Thickness

4. (0.187) 6.4 WA 05 ©
4 (0.0187) 6.4 {1/4) 0.8 ©
5.1 (0.205) 6.4 (1/4) 0.8 ©
6.4 (0.250) 8.0 (5/16) 0.8 ©

020)
032)
032)
032)

19.5 Metfal-to-metal piano-type hinges are anmexample of a means for bonding a door for groundi

19.6 Where the continuity of the honding/grounding system relies on the dimensional inte
nonmetalllc material, the material sfrall‘be in accordance with the requirements for creep in Ann
No. 31. S¢e also 19.10.

19.7 A deparate compopent/ bonding conductor shall be of copper, a copper alloy, or an §
electrical fonductor. Fegrous metal parts in the grounding path shall be protected against cor
painting, galvanizingplating, or equivalent means.

19.8 A separate-bonding conductor or strap shall be protected from mechanical damage or b
within the|outer-enclosure or frame, not be secured by a removable fastener used for any purp

than bong

ng.
prity of a
bX A, Ref.

quivalent
rosion by

e located
pse other

ingy unless the bonding conductor is not to be omitted after removal and replacemént of the

fastener, and not be spliced.

19.9 The bonding shall be by a positive means, such as by clamps, rivets, bolted or screwed connections,
or by welding, soldering, or brazing with materials having a softening or melting point greater than 455 °C
(850 °F). The bonding connection shall penetrate nonconductive coatings, such as paint or vitreous
enamel. Bonding around a resilient mount shall not depend on the clamping action of rubber or similar
material, other than as indicated in 19.11.

19.10 With reference to 19.9, when penetration of a nonconductive coating is not determined by
examination, a Grounding Impedance Test, 57.1, shall be conducted.

19.11 A connection that depends upon the clamping action exerted by rubber or similar material may be
used when it complies with the requirements in the Bonding Conductor Connection Test, Section 60, for
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bonding conductors under any normal degree of compression applied by a variable clamping device and
when the results are not significantly changed after exposure to the effects of oil, grease, moisture, and
thermal degradation that occur in service. Also, the effect of assembling and disassembling, for
maintenance purposes, such a clamping device is to be considered with particular emphasis on
reassembling it in its intended position.

19.12 A separate component-bonding conductor shall either be of size intended for the application in
accordance with Annex A, Ref. No. 1, see 19.12, not be smaller than the conductor supplying the
component, or comply with the Bonding Conductor Connection Test, Section 60.

NOTE: In Canada

19.13 When more than one size branch-circuit overcurrent device is involved, the size~gf/the bonding
conductof is to be based on the rating of the overcurrent device intended to provide ground-fault|protection
for the component bonded by the conductor. For example, when a motor is individually protgcted by a
branch-cifcuit overcurrent device smaller than other overcurrent devices used with'the unit, f bonding
conductof for that motor is sized on the basis of the overcurrent device intendegd,for ground-fault|protection
of the motor.

20 Intennal Wiring
20.1 Wifes

20.1.1 The internal wiring of a unit shall be rated for.the' particular application with respgct to the
temperatyire and voltage, exposure to oil or grease, and<ether conditions of service to which the wiring is
subjected.

20.1.2 With respect to 20.1.1, the effects of vibration, impact, and exposure are to be evaluatefl for wires
smaller than 24 AWG (0.21 mm?2).

20.1.3 All wiring shall be Appliance Witing Material (AWM) in accordance with Annex A, Ref. Nlo. 32 and
shall be rpted and surface marked “VW-=1."

20.1.4 Hxcept as noted in 2014.5 and 20.1.6, helical wraps and other continuous forms of Harnessing
shall be dlassed V-2 or less(flammable when tested in accordance with Annex A, Ref. No. 18.

20.1.5 A harness is-fiot required to be classed V-2 or less flammable when, after tested as an pssembly,
the assembly is classed V-2 or less flammable.

20.1.6 Uacing.tape, twine, individual cable clamps, and noncontinuous cable ties are not reqyired to be
classed \[-2of less flammable.

20.1.7 Wiring that extends from the enclosure to a hinged door or other part that is subject to movement
in use other than installation and servicing shall be stranded and the arrangement shall preclude twisting
or stressing of conductors as a result of the movement. The wiring shall be routed or protected to reduce
the risk of damage to the insulation. The conductors shall be of a jacketed type, such as Type SJ, SJO, or
SJT, and provided with strain relief so that stress is not transmitted to terminals or splices.

20.1.8 The conductors of a low-voltage, limited-energy circuit described in 2.24 are not required to comply
with 20.1.7.

20.1.9 Abonding lead used for grounding a door is not required to be jacketed in accordance with 20.1.7.
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20.1.10 Wiring of a type other than those mentioned in 20.1.7 that is subject to motion, and any
supplementary insulation provided on the wire that complies with the Flexing test, Section 55, are not
required to comply with 20.1.7.

20.1.11 The length of a power-supply cord inside a unit shall be limited to that needed for electrical
connections.

20.2 Protection of wiring

20.2.1 Internal wiring shall not be accessible when judged in accordance with Protection of Users —
Accessibility-atd-ser-ServicingSection8untessittstocatedand-secured-withinthe—enctosurejsuch that
the risk oflit being subjected to stress or mechanical damage is reduced.

20.2.2 Wires within an enclosure, compartment, raceway, or similar part shall be located’or protected to
reduce the risk of unintentional contact with any sharp edge, burr, fin, moving part, ot similar| part that
damages the conductor insulation.

20.2.3 Internal wiring shall be so routed and secured that neither it nor related electrical connegtions are
to be subjpcted to stress or mechanical damage.

20.2.4 Alhole in a sheet-metal wall through which insulated wires pass and on which they bear shall be
provided \vith a smoothly rounded bushing or shall have smooth; founded surfaces upon which|the wires
bear, to ayoid abrasion of insulation.

20.2.5 Albushing used on other than smooth, rounded surfaces of a hole through which wires pass shall
be of matgrial that has mechanical and heat-resistant‘properties — such as porcelain, phenoli¢, fiber at
least 1.2 fnm (3/64 inch) thick, a material complying*with Annex A, Ref. No. 12 — see 34.2 — of smooth,
rounded metal.

20.2.6 Metal clamps and guides used forreuting stationary internal wiring shall be provided with smooth
well-rounded edges.

20.2.7 Alxiliary mechanical protection that is not electrically conductive shall be provided undér a metal
clamp at which pressure is exerted on a conductor having thermoplastic insulation less than [0.76 mm
(0.030 indh) thick and no,overall braid, and on any wire or wires that are subject to motion.| Auxiliary
mechanicgl protection is,.net'required for conductors having cross-linked synthetic insulation.

21 Currgnt-Carrying Parts

21.1 General

21.1.1 A current-carrying part shall be of silver, copper, a copper-base alloy, stainless steel, aluminum, or
the equivalent. Using plated steel for secondary-circuit parts and for some primary-circuit parts (such as
for capacitor terminals where a glass-to-metal seal is required and for leads or threaded studs of
semiconductor devices) is allowed. Blued steel or steel with equivalent corrosion resistance may be used
for the current-carrying arms of mechanically operated leaf switches and within a motor and its governor,
motor terminals included, or where the temperature is in excess of 100 °C (212 °F).

21.1.2 An uninsulated live part and a component that has uninsulated live parts shall be so secured to
the base or mounting surface that they do not turn or shift in position where such displacement results in a
reduction of spacings below the minimum required values in Section 23.
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21.2 Busbars

21.2.1 Each bus bar shall be plated at each joint with tin, silver, or nickel, except that:

a) Welded or brazed joints are not required to be plated;

b) Copper bus bars are not required to be plated when the current at the joint is 600 amperes or
less;

c¢) Other coatings used for aluminum bus bars are allowed when investigated for the application in
accordance with the requirements for current-carrying parts described in Section 66; and

d)]A bus bar provided with an oxide inhibiting compound over the joint surfaces is pot/rpquired to
bg plated when the compound is in accordance with 21.3.2.
21.2.2 The bending of a bus bar shall not result in visible cracks with the exception.of roughenirjg or slight
surface cfazing.
21.2.3 Hach riveted joint connection shall have a spring washer at one end)and either a spring|washer or
a flat wagher at the other end except that:
a)| A connection rated 225 amperes or less employing copper bus bars only is not required to
cdmply; and
b)| Other constructions employing a rivet may be used when they are investigated in agcordance
with the applicable requirements in Bus Bar Tests, ‘Section 66.
See21.2/5and 21.2.6.
21.2.4 Hach joint connection shall employ a spring washer at one end of a bolt except that:
a)| The spring washer may be replaced with a split ring lock washer and flat washer wherj each bus
infthe joint is copper or when each aluminum bus in the joint has a tensile yield strength|of at least
2Q,000 psi (138 MPa);
b)| A flat washer, a split-fing lock washer, or a bolthead that complies with 21.2.5 may be used in

See 21.2.

ug

c)

refuiremeénts in Section 66.

place of a spring washer when the joint does not include any aluminum or when aluminun

ed with aluminum/bus bars; and

Other constructions may be used when they are investigated in accordance with the

N bolts are

bpplicable

6.

21.2.5 The flat washer mentioned in 21.2.3 and 21.2.4 shall have a thickness of at least one-sixth that of
the diameter of the rivet shank or bolt and shall have an outer diameter at least 150 % of the rivet shank or
bolt and not less than the outer diameter of any adjacent spring washer.

21.2.6 A spring washer as mentioned in 21.2.3 and 21.2.4 is a dished washer of stainless, or hardened
and tempered steel, having an outer diameter not less than 150 % of the bolt diameter, a thickness not
less than one-eighth of the bolt diameter, and dished not less than 3-1/2 % of the bolt diameter.

21.2.7 Unless investigated for such use, a bolted connection between two bus bars or between a bus bar
and another current-carrying part shall not depend on the dimensional integrity of a thermoplastic material.
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21.2.8 Insulation over bus bars such as tape or tubing as described in 23.2.4 and 23.2.5 shall not be
provided over a bolted joint so that tightening of the joint is accomplished without removal of the insulation.

21.2.9 The current density of a bus bar shall not exceed the values specified in Table 21.1 or Table 21.2
unless:

a) The bus bar has characteristics that do not result in maximum bus bar temperatures exceeding
the values specified in Table 49.1.

b) The bus bar contained in a unit has forced air ventilation that does not result in maximum bus
bar temperatures exceeding the values specified in Table 49.1.

Table 21.1
Ampacity of Single or Multiple Bus Bars and Clamped Joints
Current density in amperes per square inch (6.45 cm?)
Bus par material® Current Bus bar cross section Contact ajroeiitast lamped
Copper 0—600 amperes 1000° 200
Copper Over 600 1000° 2002b
AluminumS Any 750° 2002P
2See21.141,21.2.10-21.2.12.
b Joints bolted and plated with silver, tin, or nickel.
¢ Minimum |conductivity of 55 % of International Annealed-Copper Stantard.
4 Multiple Qus bars in parallel shall be of the same material.
€ See also [Fable 21.2 for 800 ampere maximum single bus bars.
Table 21.2
Rating and Sizes of(Single Bus Bars — 800 Amperes Maximum
i b
Current Copper'bus Aluminum bus
rating in Bus size%® Cross section Bus size? Cross gection
amperes 2 2 2 2
mm (Inches) mm (Inch?) mm (Inches) mm (Inch?)
(0.250 by
225 3.2by22.2 (0.125 by 0.875) 70.3 (0.109) 6.4 by 22.2 0.875) 141.3 (0.219)
(0.250 by
400 6.4 byr38.1 (0.250 by 1.500) 242.0 (0.375) 6.4 by 50.8 2.000) 322.6 (0.500)
600 64by50.8  (0.250by2.000) | 3226  (0.500) Seg Ii‘ﬂ Se;‘ E‘ﬂ 5181 | (0.800)
800 6.4by762  (0.250by3.000) | 4839  (0.750) Se;’ Iiﬁ Se‘; Ii‘ﬁ 6884  (L.067)
NOTES
1 See 21.2.10 - 21.2.12; for multiple buses in parallel, refer to Table 21.1. The minimum contact area at a clamped joint shall
provide not less than 6.5 cm? (1 square inch) per 200 amperes.
2 Bolted joints and bus bars plated with silver, tin, or nickel.
2 A bus bar having other dimensions is not prohibited when it has not less than the cross-sectional area specified in the table and
when it has equivalent rigidity.
b Minimum conductivity of 55 % of International Annealed-Copper Standard.

21.2.10 The cross section of a bus as covered in Table 21.1 or Table 21.2 shall be reduced by not more
than 5 % due to rounding, shaping, or dimensional tolerances.
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21.2.11 Removing part of the bus material for slots or holes (whether used or not) is allowed when:;

a) The remaining material at any cross section along the length of the bus bar has at least 70 % of
the required ampacity in accordance with Table 21.1 or Table 21.2 and 21.2.10, and

b) The remaining metal in any 152 mm (6-inch) length of bus is at least 93 % of the metal of a bus
having the required ampacity in accordance with Table 21.1 or Table 21.2 and 21.2.10. For
example, a 25.4 mm (1-inch) wide bus is capable of having 7.1 mm (9/32 inch) holes on 1-inch
centers or a 102 mm (4-inch) wide bus is capable of having 10.3 mm (13/32-inch) wide slots 81.3
mm (3.2 inches) long every 6 inches.

These limitations do not apply to a bus bar having characteristics that do not result in maximu

temperat
Tempera

21.2.12

a)
fu

b)

cifcuit breaker, or fuseholder, and not more than 25.4 mm~(l inch) from the terming

re
of

21.3 Li

21.3.1 A
equivaler
following:

a)

b)
th

c)

21.3.2 A
temperat
adversely
temperat
specified

ires exceeding the values specified in Table 49.1 under the test conditions) jn
ure Test, Section 49.

The limitations on current density mentioned in Table 21.1 and Table 21.2.donot apply t

Connecting strap, bus, or similar device comprising a part of a!circuit breaker,
seholder employed in the unit.

Portion of a strap, bus, jumper, or similar part adjacent and tonnected to a terminal o)

fHuced cross section in that portion is required because ofthe recessing of the terminal g
barriers adjacent to it.

e heat sinks

current-carrying, aluminum heat sink shall be plated, conductive anodized, irradiaj
t at surfaces contacting the solid-state component. This requirement does not ap|

A live heat sink that is not usedto‘conduct current;

A heat sink provided with an oxide inhibiting compound over the heat sink surfaces
b solid-state component when the compound is in accordance with 21.3.2; and

A heat sink subjected to the heat cycling tests described in Section 63.

n oxide inhipiting compound as referenced in 21.3.1(b) shall be stable at both elevate
ires andthe thermal conductivity of the heat sink/solid state component junction sh
affected” by temperature cycling. The elevated temperature is based on the
ire-of_the live heat sink during the temperature test, or the maximum ambient temp
by.the manufacturer, whichever is higher. The lower temperature is equal to the lowe

M bus bar
licated in

D a:

Switch, or

f a switch,
I, when a
r because

ed or the
ply to the

Contacting

d and low
all not be
maximum
prature as
5t ambient

temperature as specified by the manufacturer.

22 Electrical Connections

22.1 The requirements described in 22.2 — 22.7 apply to connections of internal wiring that are factory

installed i

n the unit.

22.2 Asplice or connection shall be mechanically secure and shall make electrical contact.

22.3 Assoldered connection is determined to be mechanically secure when the lead is:

a)

Wrapped one full turn around a terminal,
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b) 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 wave-
or lap-soldered, or

¢) Twisted with other conductors.

22.4 When stranded internal wiring is connected to a wire-binding screw, the construction shall be such
that loose strands of wire do not contact other uninsulated conductive parts. This is to be accomplished by
use of pressure terminal connectors, soldering lugs, crimped eyelets, soldering of all strands together, or
by any other equivalent means.

22.5 A rnominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide quick-connect terminal_shall comply
with Anngx A, Ref. No. 32. Other sizes of quick-connect terminals shall be investigated with nespect to
crimp pullrout, engagement-disengagement forces of the connector and tab, and temperature] rises; all

tests shall be conducted in accordance with Annex A, Ref. No. 33.

22.6 Anppen-end spade lug is not to be used unless an additional means, sueh as upturned erds on the
lug or bosses or shoulders on the terminal, is provided to hold the lug in place‘when the binding screw or

nut looserjs.

22.7 A splice shall be provided with insulation equivalent to that of the wires involved unless pgrmanent
spacings fare maintained between the splice and other metal @arts. Insulation over the splice is not

prohibited|from having:

23 Spadings

23.1 General

a) A splicing device such as a pressure wire connector, employed when insulated for the voltage
anfl temperature the device is to be subjected;

Ry

b) Insulating tubing or sleeving used to cover,a‘splice shall be used in accordance with 23.4.4; or

~

c¢) [Two layers of thermoplastic tape, or\two layers of friction tape, or one layer of friction|tape and
ong layer of rubber tape, where the woltage involved is less than 250 volts. Thermoplastic tape
wrapped over a sharp edge shaiknot be used. A splicing device, insulating tubing, sleeving, or tape
is mot required to be used on_splices within coil windings. See 27.2.1 — 27.2.3.

23.1.1 Ejxcept asndted in 23.1.2, the spacings for a unit shall not be less than the applicaljle values
specified jn Table.23.1 or as provided in Alternate Spacings — Clearances and Creepage [Qistances,

Section 24

T

23.1.2 The following exceptions apply to the requirement in 23.1.1:

a) As provided in 23.2.1 where liners and barriers are used.

b) Between adjacent foils on printed wiring boards provided with a conformal coating complying
with the requirements in Annex A, Ref. No. 12. See 23.1.3.

¢) On printed-wiring boards having a flammability classification of V-0 and constructed from a base
material having a minimum Comparative Tracking Index (CTI) rating of 175 volts, spacings (other
than spacings to ground, between primary and secondary circuits, between the battery supply circuit
and other circuits, and at field wiring terminals) are not specified between traces of different potential
connected in the same circuit where
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1) The spacings comply with the requirements in Evaluation of Reduced Spacings on

Printed-Wiring Boards, Section 62 or

2) An analysis of the circuit indicates that no more than 12.5 milliamperes of current flows

between short-circuited traces having reduced spacings.

d) For multilayer-printed wiring boards, the minimum spacing between adjacent internal foils of
opposite polarity and between an internal foil and a plated-through hole is 1/32 inch (0.8 mm). When
these foils are in circuits described in 23.1.13 or 23.1.14, no spacing is specified.

e) The spacing requirements in Table 23.1 do not apply to inherent spacings of a component such

a.\.. [=} va;tbh, :alllp: IU:dCI, PUWTI DVV;tb:I;IIU bclll;bul Idubtul, ul a IIIUtUI . SCC 2316
f) Spacings within a transformer shall be provided in accordance with Table 27.2 at locations that
are not insulated, including those with film-coated magnet wire.
g)| Spacing requirements do not apply between adjacent terminals ~of*a power |switching
sgmiconductor device including the connection points of the terminals of‘the device.
23.1.3 With reference to 23.1.2 b) concerning conformal coatings, minjimum spacings betweeh adjacent
foils are Hased on voltage transient and dielectric voltage-withstand tests\iyaccordance with Anrjex A, Ref.
No. 12. A conformal coating on printed wiring boards is not to be used as insulation in lieu of spacings
between g foil on a printed wiring board and uninsulated live metal“parts of opposite polarity pr to non-
current carrying metal parts.
23.1.4 Where an uninsulated live part is not rigidiy secured in position by means other thpn friction
between gurfaces or where a movable non-current carrying metal part is in proximity to an uninsulated live
part, the gonstruction shall be such that, for any position resulting from turning or other movenjent of the
parts in guestion, at least the minimum required spacings shall be maintained.
23.1.5 With reference to 23.1.4, a lock washer applied as intended is a method of rigidly securing a part.
Table 23.1
Spacings
Minimum spacings, mm (inch)
Betwegen any
Between any uninsulated live part and an umndsurllated “Ve ;f)art
uninsulated live part of opposite polarity, an tt Ie WE} sora
uninsulated grounded part other than the .mT Z.em of_su're
enclosure, or exposed metal part Including a_lttmg
for copduit or
armordgd cable?
Potential involved, volts rms (Peak) Through air Over surface Shortest distance
0-50 (0-70.7) 16 (1/16)°¢ 1.6 (2/16)°¢ 16 (1/16)°
Greater than 50 to 150 (70.7 t0 212.1) 32 (/8)>e 6.4 (1/4)° 6.4 (4)
Greater than 150 to 300 (212.1t0 424.2) 6.4 (1/4) 9.5 (318) 12.7 (212)
Greater than 300 to 600 (424.2 t0 848.4) 95 (3/8) 12.7 (212) 12.7 (212)
Greater than 600 to 1000 (848.4 to 1414) 19.1 (314)° 19.1 (314) 19.1 (3/4)
Greater than 1000 to (1414 to 2121) 1 (25.4) 1-1/5 (30.5) 1-1/5 (30.5)
1500

Table 23.1 Continued on Next Page
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Table 23.1 Continued

Minimum spacings, mm (inch)

Between any uninsulated live part and an

uninsulated live part of opposite polarity,

uninsulated grounded part other than the
enclosure, or exposed metal part

Between any
uninsulated live part
and the walls of a
metal enclosure
including a fitting
for conduit or
armored cable?

Potential involved, volts rms (Peak) Through air Over surface Shortest distance

n of the

2Forthep
enclosure

5 The spac]
non-currery

¢ At closed
(3/64 inch

4 Between
earth-grou
parts of op

|v'pr\cn of-thic v'nru ||rnmmnf amatal mnnn attachad tatha anclaciira ic o pgﬁ- oftha anclaciiravwhan dafarmatia
educes spacmgs between the metal piece and uninsulated live parts.

ng between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and.a g
t carrying metal part shall not be less than 6.4 mm (1/4 inch).

in points only, such as a screw and washer construction of an insulated stud mounted in metal, a Spacing of 1
meets the intent of the requirement.

Lininsulated high-voltage parts and (1) uninsulated high-voltage parts of opposite polarity or different potentig
hded metal parts, (3) uninsulated primary-circuit parts, (4) insulated primary-circuit paris, (5) insulated high-vi
posite polarity, or of different potentials.

ounded
.2mm

Is, (2)
bltage

23.1.6 In
for the co
Spacings
applicablg

23.1.7 W
parts in arn

23.1.8 F

2319 S
The gaug
14.1.1.4.

23.1.10

Mmponent in question where the spacings are less than, the values specified in this

from such components to another component and to the enclosure shall comply

spacings specified in this standard.

Im-coated wire is an uninsulated live part when judging spacings.

b of these conductors is to:be based on the rating of the circuit containing the termi

Spacings between uhinsulated live parts of different potential and between such parts

current cgrrying metal that"aré capable of being grounded in service are not specified for parts

circuits in
Section 2§

23.1.11

accordance With 2.24 nor in accessible signal circuits described in Accessible Signa
.

Bpacings between uninsulated live parts of different potential and between such parts

current c

energy cirby

herent spacings of the components mentioned in 23.1.2 e)<shall comply with the reqlirements

standard.
with the

ith respect to judging spacings, an uninsulated live part is at opposite polarity to uninsdylated live
other circuit. Spacings are to be based on the highest of the circuit voltages. See 50.2.1

—-350.2.3.

pacings at field-wiring terminals are to be measured with conductors installed in the ferminals.

hals. See

and non-
of LVLE
Circuits,

and non-
pf limited-

rrylng metal that are capable of bemg grounded |n serwce are not specmed for parts

blts peak)

or 60 volts, dc are Judged by the apphcable test descnbed in D|electr|c Voltage W|thstand Test, Section
50. Also see 51.1.

23.1.12 Spacings within the circuits described in (a) and (b) below that are not safety circuits are not
specified. The spacings in these circuits shall be judged on the basis of the Dielectric Voltage-Withstand
Test, Section 50. Also see 51.1. Spacings between these circuits and the enclosure, grounded non-current
carrying metal, and other circuits shall comply with the applicable spacing requirements.

a) Secondary circuits supplied by a transformer winding of less than 200 volt-amperes or at a
potential of 100 volts or less; and

b) Battery circuits at a potential of 100 volts or less. See 23.1.13.
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23.1.13 With reference to 23.1.12 (b), spacings within a circuit derived from a battery supply rated over
100 volts are not specified when the voltage within the circuit is limited to 100 volts or less by a regulating
network complying with the requirement in 25.11.

23.1.14 Exceptas notedin 23.1.15, the spacings between live and non-current carrying metal parts within
an instrument shall be determined by conducting the applicable dielectric voltage-withstand test described
in Dielectric Voltage-Withstand Test, Section 50.

23.1.15 A meter complying with the requirements in Annex A, Ref. No. 9, is not required to be subjected
to a dielectric voltage-withstand test.

23.1.16 |Epoxy is used to reduce spacings only when the following conditions are met:
a)|Spacings of minimum 0.8 mm (1/32 inch) are maintained prior to application of the-epoxy;
b)[There are no significant voids in the epoxy;
¢)|The epoxy is minimum 0.8 mm (1/32 inch) thick;

d)|The area of reduced spacing, with epoxy applied, withstands ttie applicable potential specified in
the Dielectric Voltage-Withstand Test, Section 50, except when the normal operating potential
bgtween the parts under evaluation does not exceed 600 V rms; and

e)| The epoxy temperature during the Temperature Testdges not exceed 65 °C (117 °F) rlse (based
or] an assumed operating ambient rating of 25 °C (#Z *F) or 90 °C (194 °F) limit (when tgsted at an
ambient rating of greater than 25 °C). When the.epoxy has been investigated and detdgrmined to
hgve a higher operating temperature rating, the temperatures may be exceeded when temperatures
dq not exceed the material temperature rating.

23.2 Indulation barriers

23.2.1 Hxcept as noted in 23.2.2 and«23.2.3, an insulating liner or barrier of material such as yulcanized
fiber mayl be employed in lieu of required spacings mentioned in 23.1.2 a) but not as the sole support of
uninsulated live parts involving a risk of fire, electric shock, or electrical-energy/high current when it is not
less than|0.71 mm (0.028 inch).thick and it is so located that it is not adversely affected by arcjng. Other
insulating materials used asabarrier or as either direct or indirect support of uninsulated live partg involving
a risk of fire, electric shogk, ot electrical-energy/high current shall comply with the requirementg in Annex
A, Ref. Np.12.

23.2.2 V\ulcanized.fiber not less than 0.33 mm (0.013 inch) thick is used only when:

a)|Inconjunction with an air spacing of not less than 50 % of the minimum through air spacjng; and

b) Between a heat sink and a metal mounting surface, including the enclosure, of an isolated
secondary circuit rated 50 volts rms or less.

23.2.3 Mica not less than 0.165 mm (0.006 inch) may be used as insulation between a heat sink and a
live case of a semiconductor device.

23.2.4 Insulating tubing complying with Annex A, Ref. No. 34, may be used as insulation of a conductor
including bus bars in lieu of the minimum spacings and a capacitor case in lieu of bonding the case for
grounding, 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 sharp edges;
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¢) The tubing is used in accordance with the manufacturer's instructions; and

d) The conductor or case is not subjected to a temperature or voltage higher than that for which the
tubing is rated.

Insulation provided over a bolted joint of a bus bar as specified in 21.2.8 need not comply with this
requirement.

23.2.5 A wrap of thermoplastic tape, complying with the requirements in Annex A, Ref. No. 35 is
permitted 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 gonjunction 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 leds than
ong-half the required through air spacing.

c) |Its temperature rating is no less than the maximum temperatlre” observed dydring the
temperature test.

d) [The tape is not subject to compression.

e

~

The tape is not wrapped over a sharp edge.

f) The tape is not wrapped over a bolted bus bar joint —See’21.2.8.

24 Alterhate Spacings — Clearances and Creepage Distances

24.1 As hn alternative to the spacing requirements,of Section 23, as applicable, the spacing reqliirements
in Annex A, Ref. No. 36 is used. The spacing requirements of Annex A, Ref. No. 36 shall not bg used for
field wiring terminals and spacings to a non-cufrent carrying metal enclosure. In determining thg pollution

degree ard overvoltage category, the end-use application is to be taken into account and is capable of
modifying|those characteristics given.in-24.2 and 24.3.
24.2 The level of pollution for, dry location use equipment shall be pollution degree 2. For equipment

intended for use in wet and damp locations, the level of pollution shall be pollution degree 3. Hefmetically

sealed or pncapsulated enelesures, or coated printing wiring boards in compliance with the Printed Wiring
Board Cogiting Performance’ Test of Annex A, Ref. No. 36, are pollution degree 1.
24.3 The equipment'shall be rated overvoltage category lll, Il, and | as defined in Annex A, Ref. No. 36.

24.4 In (

rdér to apply Clearance B (controlled overvoltage) clearances, control of overvoltagg shall be
achieved | idi i i

24.5 All printed wiring boards are considered to have a minimum comparative tracking index of 100
without further investigation.

25 Control Circuits

25.1 ALVLE circuit as described in 2.24 or a limited-energy circuit as described in 2.22 may be connected
to a single-point reference ground.

25.2 Except as indicated in 25.3, a LVLE circuit — see 2.24 — 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 20.1.1, 20.1.4, and 33.1.
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25.3 Safety circuits shall be judged by the requirements for primary circuits.

25.4 A control circuit, including associated electronic components on printed wiring boards, that does not
extend out of the unit is not required to be investigated when the maximum voltage and current are limited
to 8 amperes for 0 — 42.4 volts peak ac, or 0 — 30 volts dc, or amperes equal to 150 divided by the maximum
voltage for 30 — 60 volts dc. See 25.5. Printed wiring boards, insulated wires, and motors used in such
circuits shall be types that are required for the application. See 20.1.1, 20.1.3, and 33.1.

The current values do not apply when the circuit includes an overcurrent protection device as described in
25.8 and 25.9.

25.5 With reference to the current specified in 25.4, the maximum current is to be measuredqunder any
condition]of loading including short circuit using a resistor that is to be continuously readjasted guring the
1-minute period to maintain maximum load current, and not exceeding the value indicated/in 25|4.

connectefl to the voltage specified in 45.1 and with all loading circuits disconnected. Where| a tapped
transformer winding is used to supply a full-wave rectifier, voltage measuremeint is to be made from either
end of the winding to the tap.

25.6 With reference to the voltage limit specified in 25.4, measurement is to be made W;I‘ the unit

25.7 Wien the control circuit mentioned in 25.4 is not limited as t0)available short-circuit current by the
constructjon of a transformer and the circuit includes either one-Qr more resistors, a fuse, a honfadjustable
manual-rgset protective device, or a regulating network — seg“25.11- the circuits in which the|current is
limited infaccordance with 25.8, 25.9, or 25.10 are not requited to be investigated.

25.8 A fuse or circuit-protective device provided i the control circuit used to limit the furrent in
accordange with 25.7 shall be rated or set at not more than the values specified in Table 25.1.

Table 25.1
Rating for Secondary Fuse or Circuit Protector

Circuit voltage (Volts, rms) Maximum overcurrent protection (Amperes)
20 or less 5
More than 20 but not greater than 60 100/Vv?
2V is the maximum output voltage, regardless of load, with the primary energized.

25.9 A fuse or girguit protective device may be connected in the primary of a transformer tp limit the
current in accordance with 25.7 when the protection is equivalent to that specified in 25.8 as determined
by conduftirg'the Overcurrent Protection Calibration Test, Section 58.

25.10 One or more resistors or a regulating network used to limit the current in accordance with 25.7
shall be such that the current under any condition of load including short circuit does not exceed the values
indicated in 25.4.

25.11 Where a regulating network is used to limit the voltage or current in accordance with 25.4 — 25.10,
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 following:

a) The environmental tests specified in Annex A, Ref. No. 37, and

b) Critical components shall be derated in accordance with 37.4.
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25.12 In a circuit of the type described in 25.7, 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.

26 Accessible Signal Circuits

26.1 The requirements in 26.2 and 26.3 apply to accessible signal circuits having provision for external
connections such as RS232 communication ports or similar connections.

26.2 A signal circuit that extends out of a unit shall be isolated from internal circuits having a voltage that
involves grrisk-of-etectric-shock—asdeterminecHmaccordance-with-Etectric-Shock—Section 89— by any of
the following or the equivalent:

a) |An optical isolator having an isolation voltage rating of not less than the Dielectriq Voltage-
Withstand test potential required in 50.3.1 and complying with the requirements’in Anngx A, Ref.
Ng. 38,

b

~

An isolation transformer complying with the requirements in:
1) Annex A, Ref. Nos. 5 and 6, or
2) Annex A, Ref. No. 7.

c

~—

An electro-mechanical relay complying with Annex ARef. No. 26, or

d

~

A voltage regulating network where
1) The voltage being isolated is not derived from the a-c input circuit, and

2) The network does not show a risk'of electric shock to appear at the external signal circuits
— as determined in accordance-with Electrical Shock, Section 9, as a result of a failure mode
and effect analysis in accordance with the method described in Annex A, Ref. No.| 37.

26.3 Thg¢ maximum voltage and current available from an accessible signal circuit shall comply with the
requiremgnts in 26.1 and 26.2.

26.4 Thg maximum power_available from an accessible signal circuit that employs an oyercurrent
protection|device to limitthe-current as described in the 25.4 shall not exceed the values specifiedl in Table
26.1.

Table 26.1
Maximum Power of Accessible Signal Circuits

Circuit voltage volts, rms Maximum power, volt-amperes
15 or less 350
More than 15 but not greater than 60 250

27 Transformers
27.1 General

27.1.1 Atransformer colil, unless inherently moisture resistant, shall be treated with an insulating varnish
and baked, or otherwise impregnated to exclude moisture or acid vapor. Film-coated magnet wire is
moisture resistant for this case.
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27.1.2 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 requirements applicable to
such a device 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 in Annex A, Ref. No. 39.

27.1.3 A transformer used to supply an accessible signal circuit as described in Accessible Signal
Circuits, Section 26 shall have its primary winding electrically isolated from its secondary winding and shall
be constructed as specified in 27.2.1 — 27.2.7 so that there is no electrical connection — under normal and
overload conditions- between the primary 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 shack

27.1.4 With reference to the requirement in 27.1.3, a transformer complying with the requiremeénts in any
of the follpwing standards complies with this requirement:

a)lAnnex A, Ref. Nos. 5 and 6;
b)|JAnnex A, Ref. No. 40; or

c)|Annex A, Ref. No 7.
27.2 Cdil insulation

27.2.1 Atransformer winding including the start, all taps, finish, and crossover leads up to the ppint where
insulated|leads are provided shall be constructed, when used, as specified in Table 27.1.

Table'27.1
Transformer Insulation

Insulation required Type of insulation

1 Ingulation between the primary wires of‘@pposite polarity and between a,b,c,ord
secondary wires of opposite polarity fiaving a potential greater than 30 volts,
s (42.4 volts peak)

2. Ingulation between the primary.and any secondary winding a,b,c,ord

3. Ingulation between any windjng or lead connections and non-current b,c,d, e forg
cayrying metal parts

4, Ingulation between:the crossover leads and (1) the turns of a different a,d, e g,orh
wipding, (2) thedptetal 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 totgl thickness
of pot less than 0.71 mm (0.028 inch); polyethylene terephthalate film, not less than 0.178 mm (0.007 inch) thick; or aramid
paper; not’less than 0.203 mm (0.0085 inch) thick.

b A thermoplastic-orthermoset-coil-form-Rotess-than-0—---{8-028-eh)-thick
. - A 7 "

(o A material having a thickness less than 0.71mm (0.028 inch) is used only when it is equivalent to note a or b and the
material has a minimum dielectric breakdown strength of 5000 volts for the thickness used as determined by the test
described in Tests on Transformer Insulating Materials, Section 65.

d. Using spacings specified in Table 27.2 in place of the specified insulation, is not prohibited.

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

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

Table 27.1 Continued on Next Page
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Table 27.1 Continued
Insulation required Type of insulation
g. A material having a thickness less than that specified in notes e and f is not prohibited where it is equivalent to notes e and
f and the material has a minimum dielectric breakdown strength of 2500 volts for the thickness used for note e and 5000
volts for the thickness used for note f as determined by the test described in Section 65.
h. Any type and thickness of insulation in addition to the magnet wire coating, or a through air spacing less than that specified

in Table 27.2 is not prohibited from being used between a crossover lead and the winding to which it is connected when the
construction complies with either of the following:

1. The coil withstands the applicable dielectric withstand potential described in 50.3.1. The potential is to be applied
between the coil leads with the crossover lead cut at the point where it enters the inner layer.

2. The coil withstands the induced potential described in 50.5.2 and 50.5.5.

Table 27.2
Spacings Within a Transformer

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

- Between any uninsulated live part and an uninsujated live
Potential involved, volts : ; a
part of gpposite polarity, or the core
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 1500 12.7 (1/2)

NOTE - This table applies only to transformers that are treated with, an insulating varnish and baked or otherwise impregrjated.

2Includes {urns of a coil having a magnet wire coating.

27.2.2

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

of live pdrts from becoming accessible-through openings in the outer enclosure in accordance with
Protectior| of Users — Accessibility and:User Servicing, Section 8, shall comply with note (a) or (c) of Table

27.1.

27.2.3

cept as noted in.27.2.4 —- 27.2.6, a flanged bobbin-wound transformer shall be constructed so

as to maiptain physical, separation between the primary and secondary windings. Physical separation
accomplished by empléying a 3-flange bobbin for winding the primary and secondary windings afljacent to
each other is allowed. As an alternative, a telescoping bobbin construction, with each section dontaining
an individyial winding, is to 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), (1), (c), or
(d) of Tablp27A.

27.2.4 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 the requirement when:

a) The tape insulation complies with note (a) or (c) of Table 27.1,
b) The tape insulation provides a continuous overlap on the bobbin flanges,

¢) The transformer complies with the tests described in the Flanged Bobbin Transformer Abnormal
Test, Section 53 — see 27.2.7 — and

d) The transformer complies with the induced potential tests described in 50.5.1 — 50.5.5.
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27.2.5 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 the requirement when

a) The tape insulation complies with note (a) or (c) of Table 27.2,
b) The coils are layer wound, and

c¢) All windings have end turns that are retained by a positive means and the spacing between end
margins of the primary and secondary windings comply with item d of Table 27.1.

27.2.6 Aranstormer complying wWith the requirements i eitner both ANNeExX A, Rel. N0S. 5 and 6, Annex
A, Ref. Np. 7, or Annex A, Ref. No. 40 complies with this requirement.

27.2.7 With reference to note c in 27.2.4, the Flanged Bobbin Transformer Abnormal1est, Segtion 53, is
not requited when the transformer is supplied from a LVLE circuit in accordance with 2.24, orl a limited-
energy cifcuit in accordance with 2.22, or complies with the requirements in 25.4- 25.12.

28 Separation of Circuits
28.1 Faftory wiring

28.1.1 Ipsulated conductors of different circuits- see 28.1.2 within a unit, including wires in a tefminal box
or compartment, shall be either separated by barriers or'éegregated and shall be so separated or
segregated from uninsulated live parts connected to different circuits. When each conductor ig provided
with insultion intended for the highest of the circuit voltages, no barriers or segregation are reqfired.

28.1.2 Hor the purpose of the requirement in 28.%.1, different circuits include:
a)|Circuits connected to the primary and:secondary windings of an isolation transformer,
b)|Circuits connected to differentisolated secondary windings of a multi-secondary transfofmer,
c¢)|Circuits connected to secendary windings of different transformers,
d)|Input and output cjretiits of an optical isolator,
€)|AC input power and output AC power circulits,

f

~

AC inputpewer and DC power circuits, and

g)|AC output power and DC power circuits.

Power circuits Specified In (€), (1), and (g) that are derived from the taps of an autotransformer or similar
device — that does not provide isolation — are not different circuits.

28.1.3 Segregation of insulated conductors is to 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.

28.2 Separation barriers

28.2.1 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 of internal
materials specified in Printed Wiring Boards, Section 33, and Insulating Materials, Section 34, no less than
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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.

28.2.2 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 separated compartments.

28.3 Field wiring

28.3.1 Epeceptasnoted-in28:32the—equipment-shat-be—constraucted-sothat-a-fretd=instattec—gonductor
of a circuit shall be separated as specified in 28.3.3 or separated by barriers as specified in 28!2.1 and
28.2.2 from:

a) [Factory-installed conductors connected to any other circuit, unless the\'conductors of both
circuits are insulated for the maximum voltage of either circuit.

Ry

b) JAn uninsulated live part of another circuit and from an uninsulated hve part where short circuit
with it results in a risk of fire, electric shock, electrical energy involving/high current leveld, or injury
to persons.

¢) Field-installed conductors connected to any other circuit unless both circuits are Class 2 or Class
3 qr both circuits are other than Class 2 or Class 3 and beth circuits are insulated for the maximum
voltage of either circuit.

~—

28.3.2 With reference to the requirements of 28.3.1:

a) |Afield-installed conductor is not required to-be separated from a field wiring terminal of & different
circuit when the field wiring is insulated ferithe maximum voltage of either circuit and both circuits
are Class 2 or Class 3 or both circuits are other than Class 2 or Class 3; and

Ry

b) For circuits operating at 150 \, or less to ground, field installed conductors are not requjred to be
separated from field installed canductors of another circuit provided the unit is marked- sele 76.2.18
— indicating one of the following:

1) The Class_2vor Class 3 circuit conductors are to be installed using Class|1 wiring
methods or

2) TheClass 2 or Class 3 circuit conductors are to be installed using Type CL3, L3R or
CL3P-gable.

28.3.3 Sgparation of a field-installed conductor from another field-installed conductor and| from an
uninsulatgdiive part connected to another circuit is accomplished by locating an opening in the enclosure
for the conductor opposite to the conductor terminal so that, when the installation is complete, the
conductors and parts of different circuits are separated by a minimum of 6.4 mm (1/4 inch). In determining
whether a unit having such openings complies with this requirement, it is to be wired as in service including
152.4 mm (6 inches) of slack in each conductor within the enclosure. No more than average care is to be
exercised in routing the wiring and stowing the conductor slack into the wiring compartment.

28.3.4 With reference to 28.3.3, where the number of openings in the enclosure does not exceed
the minimum required for the intended wiring of the unit, and where each opening is located opposite a set
of terminals, it is to be assumed that a conductor entering an opening is to be connected to the terminal
opposite that opening. Where more than the minimum number of openings are provided, the possibility of
a conductor entering an opening other than the one opposite the terminal to which it is intended to be
connected and the risk of it contacting insulated conductors or uninsulated current-carrying parts
connected to a different circuit is to be investigated.
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29 Overcurrent Protection
29.1 General

29.1.1 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.

29.2 Supplementary protectors

29.2.1 Supplementary protectors shall not be used for overcurrent protection of circuits defined as
"branch dircuits™as defined n Annex A, Ref. No. 1.

29.2.2 SJupplementary protection devices shall be in accordance with Annex A,-Ref| No. 41.
Supplementary protection devices that are user replaceable shall be accessible from outside the ¢nclosure,
or shall b located behind a hinged cover.

29.2.3 Hxcept as indicated in 29.2.4, a supplementary protection device shalkhot be connedted in the
grounded (neutral) side of the line.

29.2.4 Additional protection in the grounded side of the supply circuit is allowed when the [protection
simultangously disconnects all grounded and ungrounded conduetors of the supply circuit.

29.2.5 Where the device has provision for connection of a grounded neutral conductor, individpal single-
pole circyit breakers may be used as the protection for each ungrounded conductor of a 3-wjire single-
phase cirfuit or for each ungrounded conductor of a 4-wire, 3-phase circuit, when no conductor jinvolves a
potential fo ground in excess of 150 volts.

29.3 Thermal links

29.3.1 Non-resettable thermal links incoerporated as overcurrent protection shall comply] with the
applicabl¢ requirements in Annex A, ‘Ref: No 39.

29.4 Fupges

29.4.1 Huses used for gvercurrent protection shall be plug fuses or cartridge fuses. Plug fusgs shall be
Edison b@se or Type S fuses and shall comply with 29.4.2. Cartridge fuses shall be Class CC, {5, H, J, K,
RK1, RK%, or T, and_shall comply with 29.4.3.

29.4.2 Rlug fuses shall comply with Annex A, Ref. No. 42 and Annex A, Ref. No. 43. The fusehplder shall
comply witht Aninex A, Ref. No. 44.

29.4.3 Cartridge fuses shall comply with Annex A, Ref. No 42, and additionally, the applicable part
Standard based on fuse class. Fuseholders shall comply with Annex A, Ref. No 45, and additionally, the
applicable part Standard based on fuse class.

29.4.4 For plug fuses and cartridge fuses, except as indicated in 29.4.5, 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.

29.45 For service replaceable fuses, the disconnecting means can be the circuit breaker or fused
disconnect switch 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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29.4.6 A device shall be constructed so that fuses will be readily accessible when the disconnecting
means is opened so that the fuse may be replaced without the service personnel or user inadvertently
contacting live parts.

29.4.7 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.

29.4.8 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 are not allowed in a circuit rated more than 125 volts or 125/250
volts, 3-wire.

29.4.9 Fpses shall be located in all ungrounded conductors.

29.4.10 A device shall be marked in accordance with 76.3.8 when it is provided. with oyercurrent
protection| consisting of an interchangeable fuse that is accessible to the useriwhether thg user is
instructed|to change the fuse or not.

29.5 Cirguit breakers
29.5.1 Jircuit breakers incorporated as overcurrent protection shall comply with Annex A, Ref. N¢. 46.
30 Cap4gcitors

30.1 The¢ materials and construction of a capacitor, its case; or both shall be such that emission of flame
from the gnclosure of the unit during malfunction of the capacitor does not occur. See 30.3.

30.2 The¢ materials and construction of a capacitor or its case within a unit 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 pr the circuit in which it is connected:*See 30.3.

30.3 Comnpliance with the requirements described in 30.1 and 30.2 shall be determined by the Electrolytic
capacitor fault test, 52.8.

30.4 Undger both normal andabnormal conditions of use, including internal shorting of the capacitor, a
capacitor fcontaining oil that is more combustible than askarel shall not result in a risk of fire ¢r electric
shock and shall be consiructed to reduce the risk of expelling dielectric medium from the enclospre of the
unit. See 80.5 and 306

30.5 With reference to the requirementin 30.4, a capacitor complying with the requirements for protected
oil-filled chacitors in Annex A, Ref. No 47, is to be constructed to reduce the risk of expelling the|dielectric
medium.

30.6 With reference to 30.4, a unit having a capacitor other than that described in 30.5 shall be provided
with a complete noncombustible bottom panel below the capacitor except as follows:

a) A ventilated, bottom-panel construction complying with either 7.9.3 or 7.9.4; or

b) A ventilated, bottom-panel construction complying with the Capacitor Fault test described in
52.5.1.

30.7 Except as noted in 30.8, a means such as a bleeder resistor shall be provided to drain the charge
stored in a capacitor so that it does not provide a risk of electric shock or a risk of electrical energy — high
current level. A risk of shock exists when the voltage across the capacitor exceeds the limits specified in
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9.2.1. Arisk of electrical energy — high current level — exists when the stored energy exceeds 20 joules as
determined by the following equation:

J=5x10 'CV?
where:
Cisin microfarads, and
Vis in volts.
30.8 The requirement of 30.7 does not apply when:
a)|A tool is required to remove a panel to reach the capacitor and the unit is marked as specified in
74.3.9;
b)|The unit is marked in accordance with 76.3.10; and
¢)| The capacitor terminals and all parts connected to these terminals- are insulated to reduce the
rigk of contact of these terminals and parts by qualified electrical-maintenance persornel and a
cdutionary marking per 76.3.14 is provided.
30.9 Capacitors or filters connected across an input ac circuit'shall comply with Annex A, Rgf. Nos. 48
and 49.
31 Resistors
31.1 The assembly of a power resistor, such as awire-wound type requiring a separate suppoft, shall be
reliable. The resistor shall be prevented from le@sening or rotating by a means other than frictiop between
surfaces.
31.2 Anlassembly employing lock washers complies with the requirement in 31.1.
32 Lampholders
32.1 A lampholder shalil be constructed or installed so that uninsulated live parts, other thap a screw
shell, are|capable of uainientionally contacting by persons removing or replacing the lamp during intended
service.
32.2 A medidm-base screw-shell lampholder shall not be used in a circuit involving a potential of more
than 150 volts.

33 Printed Wiring Boards

33.1 Except as noted in 33.2, a printed-circuit board shall comply Annex A, Ref. No. 50, and shall
be classed V-0, V-1, or V-2 in accordance with Annex A, Ref. No. 18.

33.2 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 described in 2.24 and 2.22 respectively shall be classed

as either

minimum V-2, or HB.

33.3 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
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shock or fire by a force that is capable of being exerted on it during assembly, intended operation, or
servicing of the power supply.

33.4 Further evaluation is to be conducted for a barrier or a partition that is part of the unit assembly and
that provides mechanical protection and electrical insulation of a component connected to the printed-
circuit board.

34 Insulating Materials

34.1 An insulating material used for supporting live parts and a barrier material shall be moisture-

resistant gndnot-be—adversety-affected-by-the-temperature—and-stresses-to-which—itts—subjecied under

conditiond of use.

34.2 Insylating material is to 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 fof the sole
support ofllive parts. When an investigation is required to determine whether a material is capablé¢ of being
used, such investigation is to be conducted in accordance with Annex A, Ref. Nov12. Considergtion is to
be given to the material's mechanical strength, resistance to hot wire ignition;-fesistance to high-current-
arc ignition, resistance to high-voltage-arc ignition, dielectric strength, dnsulation resistance, @nd heat-
resistant qualities, in both the aged and unaged conditions; the degreé\to which the material is ¢nclosed;
and any other feature affecting the risk of fire, electric shock, electricalyenergy-high current levelq, or injury
to persong. All factors are to be taken into account with respect to.conditions of actual service.

34.3 Ordinary vulcanized fibers used for insulating bushings, Washers, separators, and barriers| shall not
be the solge support for uninsulated live parts.

34.4 A gensor such as a current transformer, transducer, or similar device, shall be provjded with
insulation|that has been evaluated for the maximum voltage and temperature involved in its apgplication,
while taking into account the presence of othengircuits.

35 Adhsgsives

35.1 An|adhesive that is relied upon to reduce a risk of fire, electric shock, or injury to perdons shall
comply with the requirements faradhesives in Annex A, Ref. No. 8.

35.2 The requirement in'35.1 also applies to an adhesive used to secure a conductive part, iffcluding a
nameplate, that when-loesened or dislodged:

a

~—

Fnergizes-an accessible non-current carrying metal part,

b) Makes a live part accessible,

¢) Reduces spacings below the minimum usable values, or

d) Short-circuits live parts.
36 Protection of Service Personnel

36.1 The requirements in this section apply only to service personnel who find they must reach over,
under, across, or around uninsulated electrical parts or moving parts to make adjustments or
measurements while the unit is energized. For requirements covering accessibility of live parts for
protection of users, refer to Protection of Users — Accessibility and User Servicing, Section 8.
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36.2 Live parts shall be so arranged and covers so located as to reduce the risk of electric shock or
electrical energy — high current levels while covers are being removed and replaced.

36.3 An uninsulated live part involving a risk of electric shock or electrical energy — high current levels
and a moving part that involves a risk of injury to persons shall be located, guarded, or enclosed so as to
reduce the risk of unintentional contact by service personnel adjusting or resetting controls, or similar action
or performing mechanical service functions with the equipment energized, such as lubricating a motor,
adjusting the setting of a control with or without marked dial settings, resetting a trip mechanism, or
operating a manual switch.

ive-partsinvolvina a risk of electric shaock or electrical enerav—hiah current levels — lac
36.4 Li gy ed on the

~ J J
back sidg of a door shall be either guarded or insulated to reduce the risk of unintentional contact of the
live parts|by service personnel.

36.5 A romponent that requires examination, resetting adjustment, servicing, .or-maintengnce while
energized shall be so located and mounted with respect to other components and.with respect to|grounded
metal patts that it is accessible for electrical service functions without subjecting the service pelson to the
risk of ela‘ctric shock, electrical energy- high current, or injury to persons by adjacent moving paris. Access
to a component shall not be impeded by other components or by wiring.

36.6 For an adjustment that is to be made with a screwdriver or simifar tool when the unit is efergized,

36.5 requires that protection be provided so that the risk of inadvertent contact with adjacent upinsulated
live parts|involving a risk of electric shock is reduced, taking inte,account that misalignment of the tool with
the adjusfment means is capable of resulting where an adjustment is attempted. This protectign is to be
provided py locating the adjustment means away from uninsulated live parts or by a guard that reduces
the risk of the tool contacting uninsulated live parts.

36.7 Allve heat sink for a solid-state component;-a live relay frame, or similar device and involying a risk
of electrigal shock or electrical energy — high_current ievels, which are capable of being mistakgn for non-
rrying metal, shall be guarded to reduce the risk of unintentional contact by the servicgperson or
in accordance with 76.3.4.

36.8 Mqving parts that are capable of causing injury to persons and that are required to be|in motion
during service operations not ifvolving the moving parts shall be located or protected so that fhe risk of
unintentignal contact with thexmoving parts is reduced.

36.9 Fof products that\can be serviced in the field, sufficient instruction, on or inside the equiprent, shall
be provided to verify/that no hazardous voltage is present and exposed in the equipment compartment

being acdessed.

D measure

36.10 Therésshall be marking for each portion of a circuit with hazardous DC voltage on where t
the pres f f f

36.11 An indicator of presence of hazardous DC voltage per 36.10 can be used. The indicator is to work
with the supply in the open position.

37 Electronic Protection Circuits

37.1 When circuit analysis or test results indicate that single component failure affects the ability of an
electronic or solid-state circuit to perform its back-up, limiting, or other function intended to reduce the risk
of fire, electric shock, or injury to persons the circuit shall comply with Annex A, Ref. No. 37, including
environmental and stress tests applicable to the intended usage of the end-product. When such circuits
employ a microprocessor executing software to perform the safety-related function, the software shall
comply with Annex A, Ref. No. 51.
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37.2 When it is determined that environmental tests are required, the protection control is to be
subjected to the following tests in accordance with the method described in Annex A, Ref. No. 37:

a) Transient Overvoltage Test

b) Ramp Voltage Test

¢) Electromagnetic Susceptibility Tests

d) Electrostatic Discharge Test

e) Thermal Cycling Test

f) Humidity Test

~

g

Before anfl after each test, the control is to be checked for normal operation.

37.3 Thg
compliang

a

—

b

~

c)
an

d

~

37.4 Thd
covered b

a)

b)
fol

PROTEC]

Fffects of Shipping and Storage Test

following test parameters are to be used in the investigation of the.control covered by
e with Annex A, Ref. No. 37:

Flectrical supervision of critical components;
Audibility as a trouble indicator for an electrical supervjsion circuit;

A field strength of 3 volts per meter (0.91 volts penfoot) is to be used for the Radiated H
)

Exposure Class H5 is to be used for the Humidity Test.

following test parameters are to be used in the investigation of the circuit employing 9
y 37.1 for compliance with Annex‘A, Ref. No. 51:

The requirements for Software Class 1/Software Class B are to be applied; and

A failure in the software during its intended operation does not affect compliance U
owing conditions;

1) Thereiis¥o loss of protective function as specified by the manufacturer, or

FMI Test;

oftware

nder the

2) ThelkV charging system equipment is de-energized such that there is no longer & risk.

[ION,OF USERS AGAINST INJURY

38 General

38.1 Where the operation and maintenance of a unit by the user involves a risk of injury to persons,

means sh

all be provided to reduce the risk.

38.2 For the purpose of the requirements described in 38.3 — 44.1, the words "injury to persons" are in

reference

to physical harm to persons other than the physiological effects of electric shock.

38.3 When judging a product with respect to the requirement in 38.1, reasonably foreseeable misuse of
the unit shall be a factor.
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38.4 A functional attachment that is made available or specified by the manufacturer for use with the
basic unit shall be included in the evaluation of the unit. Unless the manufacturer specifies the use of two
or more attachments at the same time, only one attachment at a time is to be evaluated with the unit.

38.5 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 unit, 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

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

39 Shalp Edges

39.1 Anjenclosure, aframe, a guard, a handle, or similar device shall ngt have sharp edges that|constitute
a risk of Injury to persons in normal maintenance and use. This requirement does not apply tq a part or
portion of| a part that is required to be sharp in order to perform a workKing function.

40 Enclposures and Guards

40.1 Exgept as noted in 40.2, a pulley, a fan blade, a belt; a gear, or other moving part that is ¢apable of
causing imjury to persons shall be enclosed or provideddvith other means to reduce the risk of unjntentional
contact therewith.

402 A Erart or portion of a part that is required to be exposed in order to perform the working function is
not requifed to be enclosed and where required guarding shall be provided. See 40.5.

40.3 The degree of protection required by 40.1 depends upon the general construction and intgénded use
of a unit.

404 A :Inoving part that irivolves a risk of injury to persons shall comply with the requirementg specified
in Protection of Users —Acecessibility and User Servicing, Section 8, and shall be evaluated with respect to:

a)| The degreeof exposure required to perform its intended function;

b)| Thessharpness of the moving part;

c) The risk of unintentional contact with the mn\/ing part:

d) The speed of the moving part; and

e) The risk that a part of the body is endangered or that clothing is capable of being entangled,
resulting in a risk of injury to persons.

The above factors are to be evaluated with respect to both intended operation of the unit and reasonably
foreseeable misuse.

40.5 Some guards are required to be self-restoring. Other features of guards that are to be evaluated
include:

a) Removability without the use of a tool;
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b) Removability for servicing;

¢) Strength and rigidity;

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.

41 Strength of Materials

41.1 The
results in

conditiond.

41.2 The
risk of inju

41.3 A
without be

a

—

b

~

A compon

41.4 Porntable or hand held units, or parts of unitsthat are hand held other than the vehicle conn

to be subj

42 Stablillity

a risk of injury to persons, shall have such properties as to meet the demand-of-exp

requirement in 41.1 applies to those portions of a part adjacent to moving parts that
ry to persons.

art as mentioned in 41.1 and 41.2 shall withstand the Impact/test described in S¢
ing affected to the extent that:

The performance of the unit is adversely affected so as-to‘result in a risk of injury; or

Parts capable of causing injury to persons are expased to unintentional contact.

ent such as a pilot lamp, lens, or control knab.is'not required to be subjected to the impal

bcted to the Drop Test, Section 69.

material of a part, such as an enclosure, a frame, a guard, or similar part, the breakag(lz of which

pcted use

involve a

ction 68,

Ct test.

ector, are

42.1 Undler all conditions of servicing and intended use after installation, a fully assembled poftable unit

shall not b
A portablg
70.

43 Mounting Means

ecome physically unstable to the degree that an injury to operators or service personn
unit intended to be. fastened in place complies with this requirement. See Stability Test

43.1 A

permanerit deformation, breakage, or cracking of the mounting supports.

ounting means for a fixed in place unit shall withstand the Static Load Test, Section 71

B| results.
5, Section

1 without

44 Strength of Handles

44.1 A handle used to support or carry a unit shall comply with the Strength of Handles Test, Section 72.

PERFORMANCE

45 General

45.1 Arepresentative unit is to be subjected to the tests described in Sections 46 — 73. Unless otherwise
specified, all tests are to be conducted at the applicable voltage specified in Table 45.1. A test voltage of
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not less than 90 % of the values specified in Table 45.1 is acceptable when the unit delivers rated output

power at

the reduced test voltage.

Table 45.1
Values of Test Voltages

Rated voltage Test voltage
Less than 110 Rated voltage?
110-120 120
$54=549 Ratec-vottage®
220 - 240 240
241 - 253 Rated voltage?
254 - 277 277
278 —439 Rated voltage?®
440 - 480 A80
481 - 525 Ratedvoltage®
526 — 600 600
601 — 1500 Rated voltage?
2 A unit marked with an operating voltage range shall comply with the requirements in.Sections 46 — 73 while connected to a
source of voltage adjusted to any value within the specified range.
45.2 A Uinit marked with one frequency rating is to be tested at that frequency. For a unit marked with a
dual frequiency rating such as 50/60 hertz or a frequency range such as 50 — 60 hertz, tests|are to be
conductefl at any frequency covered by the marking except that Power Verification (Section 48),
Temperajure (Section 49), and Transformer Burnout Tests (52.2.1 — 52.2.4) are to be condudted at the
lowest frgquency.
46 Lealage Current Test
46.1 Exgept as indicated in 46.2(and 46.3, a cord-connected unit rated for a nominal 250-vplt or less
shall be tested in accordance with.46.4 — 46.10. Leakage current shall not be more than:
a)|0.5 MIU for a two-Wwive cord- and plug-connected unit,
b)[0.5 MIU for_a:three-wire (including grounding conductor) cord- and plug-connected poftable unit,
and
¢)|0.75MiU for a three-wire (including grounding conductor) cord- and plug-connected fastened in

plfce appliance.

46.2 Conductive parts of a unit that complies with the following conditions and that have a leakage current
greater than specified in (a), (b), or (c) of 46.1 shall have a leakage current from simultaneously accessible
parts to the grounded supply conductor no greater than 3.5 MIU. The leakage current between
simultaneously accessible parts shall not exceed 0.5 MIU.

a) The unit requires electromagnetic interference (EMI) suppression filtering for compliance with
other requirements, such as Federal Communications Commission (FCC) Regulations;

b)

The unit 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 in the expected
environment. When the available current flows to ground, this involves the probability that the user

is

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

e) The probability of injury resulting from an involuntary reaction is small.

46.3 For a unit that upon loss-of grounding, dependably disconnects all sources that produce leakage
current, the leakage current to ground shall not exceed 5 MIU with the grounding conductor open and with
the loss-of-grounding circuit disabled. The leakage current between simultaneously accessible parts on
the unit shall not be more than 5 MIU.

ccessible conductive surfaces are to be tested for leakage currents to determine cgmpliance

46.4 Al
with 46.1.
a)
b)

c)

Where surfaces are simultaneously accessible, they are to be tested:
ndividually,
Collectively (connected together) with the combined current measured to greund, and

Point-to-point on the device for leakage current between the simultane6usly accessible g

Surfaces @re simultaneously accessible when they are capable of being touched by one or both H
the same time. Accessible parts within a 100 by 200 mm/ (4 by 8 inches) rectangle are

person at
simultane
surface of
string 1.8
contact of

46.5 Wh
current is
the surfac|
foil is to bg
to remain

46.6 Typ
Figure 46

busly accessible to one hand. The rectangle shall be flexéd or bent to closely confg
the device. Accessible parts that are capable of being.todched at the same time by the
m (6 ft) in length are simultaneously accessible to)beth hands. The grounding pin,
an attachment plug is an accessible part.

en a conductive part other than metal is use@’for an enclosure or part of an enclosure
to be measured using a metal foil with an area of 100 by 200 mm (4 by 8 inches) in co
£. Where the conductive surface has ap-area less than 100 by 200 mm (4 by 8 inches)
e the same size as the surface. The.metal foll is to conform to the shape of the surface
in place long enough to affect the(temperature of the unit.

ical measurement circuits-forfeakage current with the ground connection open are illl
1 and Figure 46.2. The measurement instrument is defined in Figure 46.3. The me

used for g
doesthed
range 20

a)
cal
Fig

measurement need ‘only indicate the same numerical value for a particular measur,

urfaces.

ands of a

'm to the
ends of a
blade, or

, leakage
htact with
the metal
ANnd is not

strated in
er that is
ement as

efined instrument;ityieed not have all the attributes of the defined instrument. Over the frequency

Hz to 1 MHz witli_sinusoidal currents, the performance of the instrument is to be as foll

The measured ratio Vi/lx with sinusoidal voltages is to be as close as feasible to the
culated. with the resistance and capacitance values of the measurement instrument
ure 46:3.

DWS!:

ratio V1/l1
shown in

b)

The’'measured ratio Va/l1 with sinusoidal voltages is to be as close as feasible to the

ratio Va/la

calculated with the resistance and capacitance values of the measurement instrument shown in
Figure 46.3. Vs is to be measured by the meter M in the measuring instrument. The reading of meter
M in RMS volts is converted to MIU by dividing the reading by 500 ohms and then multiplying the
guotient by 1,000. The mathematic equivalent is to multiply the RMS voltage reading by 2.
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Figure 46.1

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

MEASUREMENT
APPLIANCE INSTRUMENT
SED_ N
prr—— 3
GND <4 2 T
OREN
{INSULATING TABLE}
— <
~ LCj05A  GROUNDED SUPPLY CONDUCTOR N
Figure 46.2
Leakage Current Measurement Circuit Used for 120/208 Vag,208 Vac or 120/240 Vac and R40 Vac
Devices

MEASUREMENT
APPLIANCE INSTRUMENT

s,

!
- b2 '/‘?_ > .
120V 5, Mol & T-DQD: _________

— e OPEN
A —a——m=B {INSULATING TABLE!
LC205 GROUNDED SUPPLY CONDUCTOR 3

" Separated fand used as clip when measuririg currents from one part of the device to another.
* Probe withyshielded lead.

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

2) When it i$ not feasible todsalate the device from ground, the supply circuit shall be isolated from ground. It is then alsd sometimes
required to feverse the leads of the measurement instrument.
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Figure 46.3

Measurement Instrument for Reaction (Leakage) Current

[1 —

0.22

1500 ——

10K Q

VAVAVAVAV

0.022 L

500 Ve uF

Body Impedance Model Frequency Sensitive-Network

S3263A

Note — Detailed specifications and guidance for the calibration of this instrument are given in Annex A, Ref. No. 52.

46.7 Unless the measurement instrument is-being used to measure leakage current from ong
ther, it is to be connected between accessible parts and the identified conductor, if p

part of a
esent, or
operated

| then the

or or the

traneous
traneous

N —the as

rece|ved condition being WITthout prior energiZzation, except that which occur as part of the produ
testing. The supply voltage is to be adjusted to rated voltage.

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

a) With switch S1 open, the unit is to be connected to the measurement circuit. Leakage
to be measured using both positions of switch S2, and with the unit switching devices i
normal operating positions.

b) Switch S1 is then to be closed, energizing the product. Within 5 seconds, the leakage

ction-line

current is
n all their

current is

to be measured using both positions of switch S2 and with the product switching devices in all their

normal operating positions.
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c) Leakage current is to be monitored until thermal stabilization. Both positions of switch S2 are to
be used in determining this measurement. Thermal stabilization is to be obtained by operation as in
the normal temperature test.

d) The leakage current is also to be monitored with switch S1 open while the unit is at operating
temperature and while cooling.

46.10 A sample is to 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 Current Test Following Humidity Conditioning

47.1 A g¢ord-connected unit rated 250 volts or less shall comply with the requirements for leakage current
in 46.1, fellowing exposure to air having a relative humidity of 88 +2 % at a temperature’of 32 £2 °C (90
+4 °F).

47.2 To|determine whether a unit complies with the requirement in 47.1~asample of the unit is to be
heated td a temperature just above 34 °C (93 °F) to reduce the risk of.condensation of moistre during
conditioning. The heated sample is to be placed in the humidity chambef and is to remain foif 48 hours
under the conditions specified in 47.1. Immediately following the conditioning, the sample is to b¢ removed
from the jhumidity chamber and tested unenergized as describéd in 46.9(a). The sample is then to be
energized and tested as described in 46.9 (b) and (c). The test)is to be discontinued when the leakage
bilizes or decreases.

input and output parameters of units:Shall be verified by measuring the input current at rated
input volthge under conditions of maximum output current, and the maximum output current shall also be
verified dpring this operation. The measured, input current shall not be more than 110 % of its rated value
and the maximum output current at its.corresponding output voltage shall not exceed the mandifacturer’s
output rafing.

48.2 During this test, the unitis connected to a source of power at its rated voltage. If the rating includes
multiple Voltage, such as 128/240 Vac, then the test is done at all voltages. If the rating includes jp range of
voltages,[such as 230 — 240,Vac, then the test is done at the minimum and maximum voltages of the range.
The unit is also connected to a load that is suitable for the current and voltage anticipated.

48.3 During this test, the unit shall be operated in accordance with the manufacturer’s instrudtions. The
unit is comnected.as indicated in 48.2 and caused to operate at its condition of maximum output jcurrent as
specified [by,the manufacturer. The input current and output current are measured and recofded. The
recorded } i i

49 Temperature Test

49.1 Under the conditions specified in 48.1, the unit shall not reach a temperature at any point high
enough to cause a risk of fire, damage any material used, cause a protective device to operate, or exceed
the temperature limits specified in Table 49.1. During this test, the ambient temperature is to be as specified
in 49.11.

49.2 For a fixed in place unit, the ampacity of the conductors connected to the field wiring terminals or
leads shall be in accordance with the value determined by the requirement described in 14.1.1.4.
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49.3 With reference to 49.1, a unit having voltage adjustment taps for intended use shall operate within
the temperature limits at the setting representing the most severe loading condition as determined by an
analysis of the circuit.

49.4 A unit intended for mounting or support in more than one position, or in a confined location, is to be
tested in a manner representing the most severe conditions. An adjacent mounting or supporting surface
is to consist of 1-inch thick trade-size soft-pine boards.

Table 49.1
Temperature Limits

Materials and Components °C (°F)

COMPONENTS
1. Capacitgrs:

a. Eldctrolytic types 654 149)°

b. Other than electrolytic 90° 194)°
2. Field wijng Terminals 75° 167)°
3. Vulcanized fiber employed as electric insulation 90 (194)
4. Plated bjs bar 90¢ 194)¢
5. Unplated bus bar and a joint 754 167)¢

6. Relays, polenoids, and similar devices

a. Clgss 105 coil insulation systems:

[Thermocouple method 90? 194)2

Resistance method 110 (203)
b. Clgss 130 coil insulation systems:

[Thermocouple method 1102 230)2

Resistance method 120 (248)

7. Transformer insulation systems:

a. Clgss 105:

[Thermocouple method 902 194)2

Resistance method 110 (203)
b. Clgss 130:

[Thermocouplewiethod 1102 230)2

Resistance method 120 (248)
c. Clgss 155!

[Thermocouple method 1352 275)2

Resistance method 140 (284)
d. Class 180:

Thermocouple method 150* (302)2

Resistance method 160 (320)
e. Class 200:

Thermocouple method 1652 (329)2

Resistance method 175 (347)
f. Class 220:

Thermocouple method 180 (356)2

Table 49.1 Continued on Next Page
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Table 49.1 Continued
Materials and Components °C (°F)
Resistance method 190 (374)
8. Phenolic composition employed as electrical insulation or as a part the deterioration of 150¢ (302)¢
which results in a risk of fire or electric shock
9. Wood and other combustible material 90 (194)
10. Rubber- or thermoplastic-insulated wire and cord 60 (140)°f
11. Other types of insulated wires g g
12. A surface upon which a portable unit is mounted in service, and surfaces that are 90 (194)
adjacent tp the unit when so mounted
13. Any pgint on or within a terminal box or compartment of a fixed in place unit on which 60° (140)°
field-installed conductors rests
14. Thermoplastic sealing compound h h
15. Seleniiim rectifier 758! (167)
16. Power| semiconductor j j
17. Printe@l-wiring board k k
2 At a point on the surface of a coil where the temperature is affected by an external source\of-heat, the temperature megsured by
means of p 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) far other
types is npt 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 ljigher than
the tempdrature marking required in items p and o of 78.2.
4 For a bug bar having a current density in accordance with 21.2.9, ibis hot required to measure the temperature since itthas
characteristics which result in temperatures not exceeding the, indicated values.
¢ The temperature limitations on phenolic composition and on.rubber and thermoplastic insulation do not apply to a confpound that
has heat-fesistant properties in accordance with Annex.AgRef. No 53.
A short Igngth of rubber- or thermoplastic-insulated cord inside the unit is exposed to a temperature of more than 60 qC (140 °F)
when supplementary insulation on each individual ednductor is rated for the measured temperature and has dielectric pfoperties in
accordange with Annex A, Ref. Nos. 31 and 53.
9The temrerature is not to exceed the temperature limit of the wire except as noted in note f.
" The sealjng compound temperature limit'is-15 °C (27 °F) less than the softening point of the compound as determined|in
accordange with Annex A, Ref. No 54,
I A temperfature limit of 85°C (185°F) meets the intent of the requirement when the stack assembly is insulated with phefolic
compositipn or other insulating material rated for a temperature of 150 °C (302 °F).
I For a poyer-switching semiconductor and similar components the temperature limit on the case is the maximum case
temperatyre specified by)thé semiconductor manufacturer.
For a prifited wiring (board, the temperature limit is the specified limit of the board.
49.5 UnlesSinvestigated and found to meet the intent of the requirement, see 10.4, a supportjng means
formed of TUbber or neoprene material Is 10 be remaoved prior 1o the test. VWhere the supporting means has

a metal insert, such as a screw or rivet, the test is to be conducted with the unit supported by the metal
insert. At the request of the manufacturer, it is not prohibited to conduct the test without any means of

support.

49.6 A thermocouple junction and the adjacent thermocouple lead wires are to be held securely in good
thermal contact with the surface of which the temperature is being measured. Usually, good thermal contact
results from securely taping or cementing the thermocouple in place. Where a metal surface is involved,
brazing or soldering the thermocouple to the metal is to be done when required for good thermal contact.

49.7 Coil and winding temperatures are to be measured by thermocouples located on exposed surfaces,
except that the resistance method is an alternate method for a coil that is inaccessible for mounting
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thermocouples, such as a coil immersed in sealing compound, wrapped with thermal insulation, or wrapped
with more 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 is 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+t) — 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;
r |s the resistance of the coil at the beginning of the test in ohims;
t |stheroom temperature in °C at the beginning of the test; and

k |is 234.5 for copper, 225.0 for electrical conductor grade (EE) aluminum; values of the [constant
forfother conductors are to be determined.

The winding is to be at room temperature at the start of thetest.

49.9 Allfemperature limit values in Table 49.1 are based.oh an ambient temperature of 40 °C (104 °F) for
units interjded to be installed in wet and damp iocationsé@nd 25 °C (77 °F) for all other units. Howpver, with
correction| of temperature measurements, tests conducted in other ambients as described in Table 49.2
are allowdqd.

Table 49.2
Temperature Measurement Correction
Ambien{ temperature rating of unit Test ambient temperature Correction of observed temperature
1.25°C (7) °F) Range of 10-40 °C (50 — 104 °F) a
2. Range df 25—-40 °C (77 — 104 °F) Range of 20 — 40 °C (68 — 104 °F) a
3. Above 4D °C (104 °F) Rated ambient c
b

2 An obserped temperature shall be corrected by addition (when the test ambient temperature is lower than the rated afnbient
temperatufe) or by subtraction (when the test ambient temperature is higher than the rated ambient temperature) of the dlifference
between the.rated ambient temperature and the test ambient temperature. The corrected temperature shall not exceed the

temperatute-Hmit-specified-in—table-49-1-

b Allowable tolerances are: Minus — not less than 5 °C (9 °F) below rated ambient. Plus — not specified.

¢ When the test ambient temperature equals rated ambient, no correction is to be made, and an observed temperature shall not
exceed the temperature limit specified in Table 49.1. When the test ambient temperature is other than rated ambient, correction is
to be made as described in item 2 of note a.

49.10 When a unit is rated for an ambient temperature higher than 25 °C (77 °F), the rating shall be
indicated in the instruction manual in accordance with 78.2(j).

49.11 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than 30
AWG (0.05 mm?). When thermocouples are used in determining temperatures in electrical equipment, it is
common practice to employ a temperature-indicating instrument with thermocouples consisting of 30 AWG
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iron and constantan wire. Such equipment is to be used whenever referee temperature measurements by
thermocouples are required. The thermocouples and related instruments are to be accurate and calibrated
in accordance with good laboratory practice. The thermocouple wire is to conform with the requirements
for special thermocouples as listed in the Tolerances on Initial Values of EMF versus Temperature tables in
Annex A, Ref. No. 55.

49.12 A temperature is determined to be constant when three successive readings taken at intervals of
10 % of the previously elapsed duration of the test, but not less than 15 minutes, indicate no increase
greater than 2 °C (4 °F).

49.13 |r|nn tho fnmnnr:\h e fnc'l' the fnmnnrﬂfl we of o sturface thatis r\apnhln of hnlnn contagted by the

user sha not be more than the values speC|f|ed in Table 49.3. When the test is conducted at a room
temperatyire of other than 25 °C (77 °F), the results are to be corrected to that temperature| For units
intended for installation in wet and damp locations, the results are to be corrected to 40 °C(104[°F).

Table 49.3
Maximum Surface Temperatures

Composition of surface?

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

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

Surfaces $ubject to casual contact” 70°C (158 °F) 95°C 203 °F)

2 A handlg, knob, or similar device made of a material other than metal that is plated or clad with metal having a thicknegs of 0.127
mm (0.00% inch) or less is judged as a nonmetallic part.

b See 49.14.

49.14 I reference to 49.13, a fixed(in place unit that exceeds the limits in Table 49.3 is gcceptable
provided jt meets all three of the following:

a)| The risk of contact issreduced due to the installation of the product;
b)| The unit is marked in accordance with 76.3.5; and

¢)[The unit jsiprovided with instructions in accordance with 78.2(h).

50 Dielgctri¢ Voltage-Withstand Test

50.1 General

50.1.1 The test potential mentioned in 50.3.1 and 50.4.1 is to be obtained from any convenient source
having a capacity of at least 500 volt-amperes. A lower capacity is not prohibited 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 is to be continuously adjustable. Starting at zero, the applied potential is to be increased at a rate of
200 volts per second until the required test value is reached.

50.1.2 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 50.3.1 and 50.4.1 is to be applied.

50.1.3 Printed-wiring assemblies and other electronic-circuit components that are damaged by
application of the test potential or that short-circuit the test potential are to be removed, disconnected, or
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otherwise rendered inoperative before the dielectric voltage-withstand tests are made. Testing for a
representative subassembly is an alternative to testing an entire unit. Semiconductor devices in the unit
are to be individually shunted before the test is made to avoid destroying them in the case of a malfunction
elsewhere in the secondary circuits.

50.2 Maximum-voltage measurements

50.2.1 The maximum voltage used as a basis for the calculation of the dielectric voltage-withstand test
potentials specified in 50.3.1 and 50.4.1 and determination of the minimum spacings specified in Spacings,
Section 23, shall be determined in accordance with 50.2.2 and 50.2.3.

50.2.2 A]connector or comparable part that is capable of being disconnected during intended pperation
is to be bgth connected and disconnected during the test so that the maximum voltage is obtaingd.

50.2.3 Where a complex voltage is present, the peak value of the voltage is to be ‘'measured and this
value is t¢ be used for calculation of the dielectric voltage-withstand potential and*determinatjon of the
minimum gpacings. For a sinusoidal or a direct current voltage, the rms or average values respgctively is
to be meagsured.

50.3 ACjand DC power circuits

50.3.1 Eiceptas noted in 50.3.2, the ac and dc power circuits of-&unit shall withstand for 1 minuge without
breakdowp the application of a 60 hertz sinusoidal potential with the unit at the maximum pperating
temperature:

a

o

Dne thousand volts plus twice the maximum rated voltage between
1) The primary circuit and non-current.carrying 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 ndn-current
cafrying metal parts; 1000, volts plus twice the maximum rated secondary circuit voltage Qetween a
segondary circuit, inglugding any ferro-resonant windings, operating at more than 50 volts|and non-
cufrent carrying meétal parts; and

¢) Pne thousand volts plus the rated voltage of a capacitor between the terminals of a [capacitor
used for radio-interference elimination or arc suppression.

50.3.2 Withreference to 50.3.1:

a) For a dc circuit, either an alternating-current or a direct-current potential is used. Where an
alternating current potential is used, the potential is to be the value indicated above, divided by
1.414;

b) See 50.1.2; and

¢) A dc circuit having a potential of 30 volts or less is not required to be tested.

50.3.3 With reference to 50.3.1, the test potential between ac power circuits and non-current carrying
metal parts is to be based on the phase-to-ground voltage rating. The test potential for other points
involving the ac power circuit is to be based on the highest operating voltage of the circuits involved.
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50.4 Secondary circuits

50.4.1 Each secondary circuit other than a power circuit covered in 50.3.1 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 unit shall be at operating temperature during
the test. The test potential shall be as indicated in Table 50.1.

Table 50.1
Magnitude of Test Potential for Secondary Circuits
Maximum voltage in the circuit®® Test potential
30 (42.4 peak), 60 dc, or less No test
More thar] 30 (42.4 peak) but not more than 333.3 (471.3 peak) or Ten times maximum voltage in circuit (maximuny of 2000
more thar] 60 dc volts rms)
More than[333.3 (471.3 peak but not more than 1000 (1414 peak) Three times maximum valtagé in circuit
More than| 1000 (1414 peak) 1750 volts plus 1.25 times'voltage in circuit
2 Where the peak voltage is greater than 120 % of 1.414 times the rms voltage, the circuitShall be tested as if the voltade were
peak voltdge divided by 1.414.
b Values afe rms unless otherwise indicated.

50.5 Indquced potential

50.5.1 When an isolating power transformer is tested in accordance with 52.2.2(d), the test dedcribed in
50.5.2 —50.5.5 is to be conducted.

50.5.2 The primary winding of the transformelis to be subjected to an alternating potential of twice the
rated voltage with the ends of all other windings opened. The potential is to be applied for 720Q cycles or
for 60 se¢onds, whichever is less. A sinusoidal source is to be used, and the frequency of the sérvice is to
be in the fange of 120 — 1000 hertz where required to prevent saturation of the core.

50.5.3 Rrimary- and secondagy-circuit wiring connected to the transformer is to be disconnected for this
test.

50.5.4 Testing a 3-phase transformer with a single phase voltage is not prohibited. The voltage nentioned
in 50.5.2 |s to be applied successively across each primary winding.

50.5.5 While~in.the heated condition obtained during the transformer overload test, the tept voltage
required in 50.5.2 is to be initiated at one-fourth or less of the full value and brought up gradually to the full

results meet the intent of the requirement when there is no dielectric breakdown.
51 Volt-Ampere Capacity Measurement

51.1 When itis required to determine volt-ampere capacity of a transformer winding for compliance with
other requirements in this standard — see 2.22, 23.1.11 and 23.1.12(a) — the capacity is to be measured by
replacing the intended load on that winding with a variable resistor that has been set to maximum
resistance. A thermal protector or an overcurrent protective device, when provided, is to be shunted. A
wattmeter is to be connected to measure power dissipated by the resistor. The assembly is to be energized
with the test voltage specified in Table 45.1. The variable resistor is to be continuously adjusted to dissipate
maximum power, and the power value is to be measured after 1 minute of operation or just
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prior to opening the winding, whichever occurs first. This value is the winding capacity. For a multi-
secondary winding, one winding is to be loaded and tested at a time, that is, while measuring the output of
a particular winding, other windings are to be open circuited.

52 Abnormal Tests
52.1 General

52.1.1 A unit 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 52.1.2 — 52.8.2. Separate samples are to

be used fot bUIIdubt;llg these-tests:

52.1.2 Fpllowing each test, a dielectric voltage-withstand test specified in Section 50 is to.be cpnducted.
The potential is to be applied across the points indicated in 50.3.1. Conducting more-thian one pbnormal
test on a gample, and conducting the dielectric voltage-withstand after completion ef\al'abnormgl tests is
not prohibjited.

52.1.3 Arisk of fire, electric shock, or injury to persons exists when:

a) [Flame, burning oil, or molten metal is emitted from the enclosure of the unit as eviden¢ed by
ignition, glowing, or charring of the cheesecloth or tissue papet,

b) |The insulation breaks down when tested in accordance with 52.1.2 or live parts dre made
acgessible (see Protection of Users — Accessibility andiUser Servicing, Section 8),

¢) Cracking, rupturing, or bursting of the battery case or cover, where such damage resulfs in user
coptact with battery electrolyte, or

d

~

Explosion of the battery supply where such explosion results in a risk of injury to persons,

52.1.4 During these tests the unit is to beplaced on a softwood surface covered with a white tisgue paper
and a single layer of cheesecloth is to be'draped loosely over the entire enclosure. The cheesecloth is to be
untreated [cotton cloth running 26 —28:m?/kg (14 — 15 yards per pound), and having, for any squiare inch,
a count of| 32 threads in one direction’ and 28 in the other direction. Units not having any bottom|openings
are not reguired to be placed.oma softwood surface covered with tissue paper. When it is impfactical to
drape the |entire unit, cheeséclpth is required to be placed only over all ventilating openings.

52.1.5 Fpr a unit having supporting feet made of rubber or neoprene material, the requiremept in 49.5
shall apply.

52.1.6 Thessupply circuit is to have branch-circuit overcurrent protection, the size of which equals 125 %
of the inpyiticurrent rating (20-ampere minimum), except where this value does not correspond with the
standard rating of a fuse or circuit breaker, the next higher standard device rating shall be used. The test
voltage and frequency are to be adjusted to the values specified in 45.1 and 45.2.

52.1.7 The enclosure of the unit is to be connected directly to ground during the test.

52.1.8 Except as noted in 52.1.9, each test is to be continued until further change as a result of the test
condition is reduced significantly. When an automatically reset protector functions during a test, the test is
to be continued for 7 hours. When a manual reset protector functions during a test, the test is to be
continued until the protector is operated for 10 cycles using the minimum resetting time, and not faster than
10 cycles of operation per minute. The following are examples of test terminations:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid state
devices, printed wiring board traces, or similar devices.
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52.1.9

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.

With reference to 52.1.8:

a) When the manually reset protector is a circuit breaker that complies with Annex A, Ref. No. 46, it
is to be operated for 3 cycles using the minimum resetting time and not faster than 10 cycles of
operation per minute; and

b)[A Manuar TESET protector that Decomes Noperative i the open condiion shall g operated
bgtween 10 cycles and 3 cycles.

52.1.10 |With reference to 52.1.8(b), when the branch-circuit overcurrent protection device termnjinates the

test, the ipstruction manual shall contain the information specified in 78.2(p).

52.2 Transformer burnout test

52.2.1

winding df each transformer and adjusted to result in the load condition described in (a), (b), or

Bxcept as noted in 52.2.2, an adjustable resistive load is to be cohniected directly to the $econdary

(c) below} Opening of the intended branch-circuit overcurrent protection device described in 54.1.6 or an
internal ojercurrent protection device connected in the primary-winding circuit is an example offwhen this

test is terminated.

52.2.2

a)|For a transformer having a single isolated secondary winding, the load is to be adjustgd to result
injmaximum volt-ampere output but not resulting in more than three times the maximym normal
allernating current to flow in the primary winding.

b)|For a transformer having multiple isalated secondary windings, each secondary windipg is to be
tegted separately; that is, with the winding under test loaded with an alternating current equal to
thfee times the rms value of the secondary current flowing through that winding during [maximum
ndrmal operation of the unit and.the other isolated windings, each loaded with an alternatihg current
edual to the rms value of the) secondary current flowing through their respective windings during
maximum normal operation of the unit.

c)|For an autotransfermer, the conditions specified in (a) are to be used with the supply voltage
cdnnected to the outer input legs and the load resistor connected to the outer output|legs. See

Figure 52.1.

With reference to 52.2.1:

a)| Astransformer supplied from either an inverter circuit or other means limiting the curgent to the
transformer to less than three times rated current is to be loaded to a condition resulting in maximum
obtainable input current without operation of overcurrent protection devices, where any are present.

b) A transformer employed in a switch-mode inverter or converter circuit shall be subjected to the
transformer overload test described in 52.3.5 in lieu of the transformer burnout test.

¢) Any transformer, including a control circuit transformer or a power transformer used for the
transfer of either the input or output power of the unit, having overcurrent protection described in
Overcurrent Protection, Section 29, is not required to comply with this requirement.

d) A transformer that is protected by the intended branch-circuit protection device that is sized in
accordance with the requirements in Overcurrent Protection, Section 29, and is provided in a unit
marked in accordance with 78.2(p), is not required to comply with this requirement.
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e) An isolating power transformer used for the transfer of either the input or output power of the unit
and complying with Annex A, Ref. Nos. 5 and 6; or Annex A, Ref. No. 56, or shall be subjected to
the transformer overload and induced potential tests described in 52.3 and 50.5, in lieu of the
transformer burnout test.

f) A transformer subjected to the transformer overload and induced potential tests described in
50.5.1 —50.5.5 and 52.3.1 — 52.3.4, in lieu of the transformer burnout test.

g) An isolating power transformer used for the transfer of either the input or output power of the unit
complying with the requirements in either of the following standards:

AN _A A 0D £ N1 | =l
L) ATITITA A, TA\TT. TNUS. J Al'lu’'U, Ul
2) Annex A, Ref. No. 40.

h) |A signal or gate-drive transformer that is rated 10 watts or less and havingla)secondary circuit
thgt does not extend out of the unit is not required to comply with this requirement.

52.2.3 Alferro-resonant transformer is to be tested in accordance with 52.2.1 with the secondany winding
loaded to maximum input current. The transformer is to be operated continuodsly until ultimate gonditions
are obseryed.

Figure 52.1

Autotransformer Burnout Test

e,
S

Supply

Voltage

53512

NOTE — See 52.2.1(c) for description of test.

52.2.4 During the tests described in 52.2.1 and 52.2.3, secondary-circuit protective devices that are
external to the transformer are to be bypassed. Primary-circuit protective devices are to be left in the circuit.
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52.3 Transformer overload test

52.3.1 When an isolating power transformer is to be tested in accordance with 52.2.2(f), the tests
described in 52.3.2 — 52.3.4 are to be conducted. When a transformer employed in a switch-mode inverter
or converter circuit is to be tested in accordance with 52.2.1(b), the test described in 52.3.5 is to be
conducted.

52.3.2 Aresistive load is to 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 is then to be increased to 200 % of the rated value; no further adjustment of
the overlgad-currentis-to-be-made—Fhe-duration-of-the-overload-is-to-be-as-specified-inJable,52.1. The
short circpit method as described in Annex A, Ref. No. 57 is one method used to obtain the 200 p6 of rated
load currg¢nt. Where the short-circuit test method is used, all secondary windings are to besherted and the
voltage applied to the primary windings is to be adjusted to result in rated current to flow in the $econdary
windings.

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-
amperesjis not required when the test has ‘already been performed with results that meet the intent of the
requirement on a smaller transformeri-rated not less than 500 kilovolt-amperes, when the smaller
transformer has the same insulatiop'system and same general construction as the larger transfgrmer, and
the tempgratures recorded during the temperature test are no greater for the larger transformer than those
recorded [during the temperature. test for the smaller transformer.

52.3.4 ithin 1 hour follewing the overload test, the transformer shall perform as intended in a repeated
dielectric voltage-withstand test except that the test value is to be at 65 % of value specified in| Dielectric
Voltage-Withstand-T'€st, Section 50, and the induced potential test described in 50.5.1 — 50.5.5.

52.3.5 Hor,aunit tested in accordance with 52.2.2 b) the power circuit supplied by the transfqrmer is to
be conneftedto a resistive load that draws maximum obtainable output power without causing| operation
of internal overcurrent protection devices or a protection circuit or resulting In opening of a circuit
component such as a diode, resistor, sold state device, or similar device.

52.4 Short circuit test

52.4.1 The unit is to be tested as described in 52.4.2. The unit shall comply with the requirement in
52.1.1.

52.4.2 With reference to 52.4.1, fuses and other protective devices provided as part of the unit are to
remain in the circuit. The output connections of the unit are to be short-circuited and the unit connected to
a source of supply adjusted to its highest test voltage — see Table 45.1. The test is to be continued until the
internal protection opens, constant temperatures are attained, or the transformer winding opens. When an
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automatically reset protector is provided, the test is to be continued for 7 hours. When a manually reset
protector is provided the test is to be continued until the protector operates for 50 cycles.

52.5 Capacitor fault test

52.5.1 Where required by 30.6, a unit 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.
47. These tests are to be conducted with the capacitors mounted in the unit 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 Forlced ventilation test

52.6.1 Alunit having forced ventilation is to be operated with the rotor of a blower moter:loCked. [For a unit
having mqgre than one blower motor, the test is to be conducted with the rotor of each.blower motpr locked,
one at a time. When agreeable to all concerned, all fan motors in a unit having more than one fan motor
shall be Igcked simultaneously.

52.6.2 Al unit having filters over ventilation openings is to be operated with the openings bJocked to
represent|clogged filters. The test is to be conducted initially with the ventilation openings blocked 50 %,
then to bel repeated under fully blocked condition. A single-fan unit with a filter is not required to |be tested
under the [fully blocked condition.

52.7 Component short- and open-circuit test

52.7.1 Alcomponent, such as a capacitor, diode, soli¢’state device, or similar device, connecfed in the
input and joutput power circuits are to be short- or open-circuited, any two terminals one at a tinpe, during
any condifion of operation including start-up. This;test is not required:

a

Ry

Where circuit analysis indicates thatyno other component or portion of the circuit is overlgaded.

b) For electromagnetic radio frequency interference capacitors subjected to the dielectri¢ voltage-
withstand test across their terminals in accordance with 50.3.1, resistors, transformers, |nductors,
anfl optical isolators.

>

52.8 Eleftrolytic capaciforfault test

52.8.1 Fpra unit having dc electrolytic storage capacitors operating above 60 vdc, the fault test flescribed
in 52.8.2 $hall besconducted. This requirement does not apply to a capacitor that complies with|Annex A,
Ref. No. 47. The capacitor shall have an available fault current rating of 10,000 amperes or a loyer value
where a c|rclit,analysis indicates that because of a series impedance, the lower value is applicaple.

52.8.2 With reference to the requirementin 52.8.1, a fault in one of the capacitors in the storage capacitor
bank is to be simulated. This is to be accomplished by connecting the capacitor under test in reverse while
the input ac supply to the unit is not energized. The unit is then to be energized and operated as in normal
operation.

53 Flanged Bobbin Transformer Abnormal Test

53.1 Except as noted in 53.2, a flanged bobbin transformer required to be tested as provided in (c) of
27.2.4 — also see 27.2.7 — 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:
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a)

Short-circuiting the secondary winding;

b) Loading the secondary winding to a current equal to maximum normal current plus X percent 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

Loading the secondary winding to maximum normal current.

53.2 With reference to 53.1:

a) A flanged bobbin transformer used in a circuit where isolation is not required or where the

sgcondary circuit does not extend out of the unit — see 27.1.3 — IS not required to be s
this test; and

b)

53.3 The results of the test do not meet the intent of the requirement when the cheesecloth

flames, is

53.4 Samples for the 15-day abnormal operation tests are to e prepared as follows:

a)
dq
tra

b)

1) Annex A, Ref. Nos 5 and 6.

2) Annex A, Ref. No. 40.

charred or a breakdown occurs when the test described,in"53.5 is conducted.

nsformer.

All secondary windings are to be-loaded to rated current before the abnormal c(

bjected to

A transformer complies with this requirement when it complies with the requirements in either of
the following:

glows, or

The transformer is to be mounted either in the*unit enclosure as intended under the fonditions
scribed in 52.1.4 or on a test bench with,thie"cheesecloth mentioned in 52.1.4 drapefl over the

ndition is

infroduced; and the loads, other thanthat connected to the winding to be overloaded, ar¢ not to be

repdjusted thereafter.

53.5 Wshile still in a heated condition from the tests described in 53.1, a transformer shall witlstand the

dielectric
dielectric

53.6 Th
external
circuit, or
isto beo

voltage-withstand test\applied between the primary winding and the secondary wir

P abnormralitests are to be conducted with a protective device built into the transformer,
rotective device used with the transformer in the unit connected in either the primary or
in both. A protective device that is relied upon to open the circuit as a result of an abn
ne that has been investigated and found to meet the intent of the requirement.

ding. The

voltage-withstandétest potential is to be applied to the transformer 1 minute after conppletion of
the abnoimal-operation, test.

or with an
becondary
prmal test

53.7 For the purpose of these requirements, each secondary winding tap and each primary winding tap
that is used to supply power to a load in the unit are the equivalent of a secondary winding.

53.8 For the sequence of tests described in 53.1, when an abnormal-operation test continues for 15 days
without a winding or a protective device opening, the remaining tests are not required to be conducted. 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.

53.9 To determine whether a transformer complies with the requirement in 53.1, three separate samples
are to 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 is to be loaded for each condition specified in
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53.1 with the other windings loaded to rated current. The test conditions are to be as described in 53.10 —
53.14.

53.10 To determine the short-circuit current value for conducting the tests described in 53.1(b), the
transformer is to be at room temperature at the beginning of the measurement, and the short-circuit current
is to be measured 1 minute after the voltage is applied to the primary winding. A protective device outside
the transformer, where provided by the manufacturer, is to be short-circuited during the measurement of
the short-circuit current. When the line fuse or transformer winding opens within 1 minute 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 is to be measured with the other secondary
windings Qpen-circuited

53.11 Fqr the loading conditions, a variable resistor is to be connected across the secandary winding.
Each test|described in 53.1 (a) — (c¢) is to 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 is to be adjusted te\the required value as
quickly as|possible and readjusted, where required 1 minute after voltage is applied-to the primary winding.
For a switth-mode transformer, the load is to be connected to the output of the power supply connected to
the transformer.

53.12 When short-circuiting the secondary winding causes one of the windings to open beforg 15 days,
then the next test in the sequence described in 53.1 (b) and (c) that continues for 15 days is to|have the
variable Igad resistor reduced to zero impedance at the end of the 15 days to cause the trangformer to
burn out.

53.13 Fqr a transformer that is provided with a protective device built into the transformer or that is being
tested in [conjunction with an external protective 'device, a test described in 53.1 (a) — (c)| is to be
discontinued when the protective device opens theteircuit and the next test in the sequence is to b started.
The protdctive device mentioned above includés automatic recycling type, manual reset type, or a
replaceable type.

53.14 When a protective device opens the circuit or a winding on any sample opens during the 15-day
abnormaljoperation tests while the S§amples are unattended, the variable resistor load on the othef samples
is to be inpreased, by reducing the. resistance, until the protective device opens the circuit or the winding
opens, so|that the samples are&subjected to the dielectric voltage-withstand test described in 53.6b while in
a heated ¢ondition. The nexitest in the sequence in 53.1 (b) and (c) that continues for 15 dayp is to be
conducted.

54 Strain Relief Tests

54.1 Genetal

54.1.1 Thetestsin 54.2 and 54.3 apply to the flexible cord connections, field wiring connections, and the
EV cable connections.

54.1.2 Both the Strain Relief — Pull Test and the Strain Relief — Push Back Test are required for each
cord or cable connection mentioned in 54.1.1. Field wiring connections are only required to be subjected to
the Strain Relief — Pull Test.

54.1.3 All of the tests can be performed on one sample, but each test is to be performed individually.

54.1.4 The internal connections are to be disconnected or cut prior to the tests in 54.2 and 54.3.
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54.2 Strain relief —pull test

54.2.1 The strain relief means provided for a flexible cord or EV cable connection, other than output cords
of Class 2 Transformers, shall withstand a direct pull of 156 N (35 pounds) applied to the cord for one
minute without displacement. The strain relief does not comply when at the point of disconnection of the
conductors, there is such movement as to indicate that stress on the connections results.

54.2.2 The strain relief means provided for the output cord of a Class 2 transformer shall be tested as
indicated in 54.2.1, except the weight shall be 89 N (20 pounds).

54.2.3 A-wiringteadc-intendecd-for-freterwirtngconnectionshat-be-tested-as-indicated-5%42-14 except in
the case pf a lead extending from the enclosure the weight is to be 89 N (20 pounds) and in-the{case of al
lead within a wiring compartment, the weight is to be 44.5 N (10 pounds).

54.2.4 The weight is to be suspended from the cord, cable, or lead and supported.by-the unit $o that the
strain relief means is stressed from any angle of the unit.

54.3 Stlain relief —push back test

54.3.1 The supply cord or EV cable shall be prevented from being¢pushed into the product tHrough the
cord entry hole where such displacement is likely to:

a)| Subject the cord or cable to mechanical damage orjo.exposure to a temperature higher than
that for which the cord or cable is rated;

b)[Reduce spacings below the minimum intended,values; or

c)|Damage internal connectors or components.

54.3.2 The supply cord is to be held 25.4-mm (1 inch) from the point where the cord emergeg from the
unit and |s then to be pushed back into the unit. The cord is to be pushed back into the unif in 1 inch
increments until the cord buckles or-the force to push the cord into the unit exceeds 26.7 N {6 pounds
force). THe supply cord or cable, within the unit, is to be manipulated to the worst-case position jduring the
test to defermine compliance wjth 54.3.1.

55 Flex|ng

55.1 With referencgto 20.1.10, after wiring has been subjected to flexing as described in 55.2, the unit
shall be qubjected.t0 the Dielectric Voltage-Withstand test in Section 50 and the wiring is to be [examined
for damage to-determine where any conductors are broken or where individual strands have genetrated
the insulgtiaf.

55.2 Wiring that is subjected to movement at times other than installation and servicing is to be tested by
cycling the moving part through the maximum travel intended for the construction. The duration of the test
is to be 500 cycles.

56 EV Cable Secureness Test

56.1 EV cables shall be subjected to the test outlined in 56.2 — 56.4. After this test, there shall be no axial
displacement of the supply conductors, conductor insulation, or outer jacket of the EV cable from the
assembled condition exceeding the maximum allowed displacement as specified in Table 56.1. In addition,
there shall be no evidence of damage to the EV cable, the enclosure of live parts, the strain relief means,
or the grounding path integrity.
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56.2 The device shall be assembled as intended onto a 300 mm (12 inch), or longer, length of cable with
its conductors positioned as if the conductors were to be connected to the terminals. Screws, nuts, or other
hardware shall be tightened according to the manufacturer's instructions. The cable shall be cut at a right
angle to its major axis but not stripped.

56.3 The cable clamp shall be held firmly in place. A force equivalent to the pressure of 1.034 N/mm?2
(150 Ib/in?) times the cross sectional area of the EV cable [rounded up to the nearest 22.2 N (5 Ib)
increment], but not less than 156 N (35 Ibs), shall be applied gradually to the EV cable at a point not less
than 150 mm (6 inches) from the cable grip in a direction perpendicular to the plane of the opening and in
line with the cable. The force shall be applied and sustained for one minute.

56.4 A ttl)rque shall also be applied to the EV cable at a point 150 mm (6 inches) from the_cable grip as
specified ijn Table 56.1 for one minute in the direction least favorable to the clamp construction.

Table 56.1
Cable Secureness Test Values
Torque Maximum displacemgnt
De¢vice rating amperes N-m (ft-b) 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)
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)

57 Grounding Tests
57.1 Grqunding impedance test

57.1.1 I} accordance withy19.9 where penetration of nonconductive coatings is not determjnable by
examinatipn, a measurement of the grounding path resistance is to be made. The impedance af 60 hertz
between the point oficehnection of the equipment-grounding means and the metal part that is required to
be bondefl to grauind shall not be more than 0.1 ohm when measured in accordance with 57.1.2. The
resistancq of the.equipment grounding conductor of a power supply cord shall not be included in the
resistancq measurement.

57.1.2 In the US and Mexico, compliance with 57.1.1 is to be determined by passing a current of 25
amperes derived from a 60 hertz source with a no-load voltage not exceeding 6 volts between the following
points and measuring the voltage across these points: the equipment grounding connection and the metal
part in question.

In Canada, equipment shall comply with the grounding impedance test of CSA C22.2 No.0.4.
57.2 Bonding/Grounding continuity test

57.2.1 The bonding/grounding path for charging system equipment provided with a permanently attached
length of EV cable shall be continuous when required for bonding/grounding of the vehicle. Compliance is
determined in accordance with the test in 57.2.2.
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57.2.2 The bonding/grounding path from the main ground terminal of the charging system equipment to
the ground pin at the vehicle connector shall be connected in series with an ac or dc source of voltage less
than 30 V, and a means of indicating an unbroken circuit (e.g., an incandescent lamp, a bell, a buzzer).
Operation of the indicator shall be evidence of continuity of the ground path under test.

58 Overcurrent Protection Calibration Test

58.1 A fuse, or circuit protective device, provided in the primary of a transformer for protection of the
secondary circuit in accordance with 25.9 shall operate to open the circuit in not more than the time
indicated in Table 58.1 when the transformer is delivering the specified secondary current.

Table 58.1
Maximum Time to Open

Rated|secondary potential, volts Secondary test current, amperes Maximum, time for overgurrent
protectivie device to openJminutes
20 or less 10 2
20 orless 6.75 60°
Over 20 200/Vmax 2
Over 20 135/Vmax 60°
@ After 15 minutes of operation, the current is to be readjusted to the value shown(

58.2 To|determine when a fuse or circuit protective devi¢e complies with the requirement i 58.1, the
transformer is to deliver the test current to a resistancesload with the primary connected to & circuit as
described in 45.1. During the 2-minute test, the load.is.}0 be adjusted continuously to maintain thie required
test currgnt. During the 60-minute test, the load is, to-be adjusted once after 15 minutes of opefation and
the test ig to be continued without further adjustment.

58.3 Woien the fuse or circuit protectivexdevice is used to protect more than one secondary yinding or
taps, each winding or partial winding is to:be tested as indicated in 58.1 or 58.2 with the remaining windings
delivering rated load.

59 Strength of Terminal Insulating Base and Support Test

59.1 In hccordance with'the requirement in 14.1.2.8, an insulating base or support and the bys or strap
upon whith pressurewite connectors for field wiring are mounted shall be subjected to the for¢e created
when the[connectors; securing short lengths of conductors sized as described in 14.1.1.4, are [orqued to
125 % of the value marked on the unit. The results meet the intent of the requirement when the base is
not damgged'as defined in 59.2. The test is not required for wire connectors that are part of a gomponent
such as g terminal block, circuit breaker, switch, or similar device.

59.2 With reference to 59.1, damage has occurred when the base insulating material cracks or rotates;
bosses, recesses, or other means to prevent turning do not perform their intended function; straps or bus
bars bend or twist; or members other than the wire connector move at electrical joints. Minor chipping or
flaking of brittle insulating material is not prohibited when the performance is not otherwise impaired.
Momentary flexing of metallic members without permanent deformation is not prohibited.

60 Bonding Conductor Connection Test

60.1 A bonding conductor that does not comply with the requirement in 19.11 is not prohibited when,
using separate samples for each test, neither the bonding conductor nor the connection opens when:
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a) Carrying currents equal to 135 and 200 % of the rating or setting of the intended branch-circuit
overcurrent-protective device for the times specified in Table 60.1;

b) Three samples are subjected to a limited-short-circuit test using a test current as specified in
Table 60.2 while connected in series with a nonrenewable fuse having a rating equal to the intended
branch-circuit overcurrent-protective device; and

¢) No damage occurs resulting in contact with live parts and no ignition occurs of surgical cotton
located outside the enclosure. Surgical cotton is to be absorbent 100 % cotton.

When a fuse smaller than that indicated in (a) and (b) is employed in the unit for protection of the circuit to
which the[bonding conductor Is connected, the magnitude of the test current and size of fuse_ used during
the test is|not prohibited from being based on the rating of the smaller fuse.

Table 60.1
Duration of Overcurrent Test
Rating ¢r setting of branch-circuit Test time, minutes
overclirrent protective device, 135 % of current 200 % of current
amperes
0-30 60 2
31-60 60 4
61-100 120 6
101 - 200 120 8
Table'60.2

Circuit Capacity for Bonding Conductor Short-circuit Test

Rating of unit, volt-ampere Capacity of tes{circuit,

Siphgle phase 3-phase Volts amperes
0-—1176 0832 0-250 200
0-1176 0-832 251 - 1000 1000
1177 -1920 833 — 1496 0-1000 1000
1921 - 4080 1497 - 3990 0-250 2000
4081 — 9600 3991 -9145 0-250 3500
9601 or more 9146 or more 0-250 5000
1921 or more 1497 or more 251-1000 5000

60.2 The test circuit described in 60. 1(b) |s to have a power factor of 0.9 — 1.0 and a closed-dircuit test
voltage as-speeifieeHr45-1—Fhe-open-ciretivolageistebe186—185-%ofthe—closed-eieuft voltage.

Each test is to be performed on each of the three samples.

61 Glass Covered Openings Impact Test

61.1 With reference to 7.6.1(b), a glass covered opening shall withstand a 3.38 J (2-1/2 foot-pound)
cracking or breaking to the extent that a piece is released or dropped from its normal position.

61.2 The impact specified in 61.1 is to be applied by means of a smooth, solid steel sphere 50.8 mm (2
inches) in diameter and having 535 g (1.18 pounds) mass. The sphere is to fall freely from rest through a
vertical distance of 63.5 cm (25 inches).
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62 Evaluation of Reduced Spacings on Printed-Wiring Boards
62.1 General

62.1.1 In accordance with 23.1.2(c), printed-wiring board traces of different potential having reduced
spacings shall be judged by conducting a shorted trace test described in 62.2.1.

62.2 Shorted trace test
62.2.1 Printed-wiring board traces mentioned in 62.1.1 are to be short-circuited, one location at a time,

and the tESTIS 10 be conducted as described n bZ. L1 — 52.1.3, bZ.L.D, bZ.1.7, and bZ.1.8. AS R result of
this test:

a)| The overcurrent protection associated with the branch circuit to the unit shall not open; gnd

b)|A wire or a printed-wiring board trace shall not open.

When the circuit is interrupted by opening of a component, the test is tobe)repeated twice yising hew
componepts, as required. Opening of an internal overcurrent proteciive “device is a test fesult that
eliminates the need for the test being repeated.

63 Heaf Sink Temperature Cycling Test

63.1 Woiere required by 21.3.1(b), a current-carrying, aldminum heat sink shall be subjected fo the test
described in 63.2 and 63.3.

63.2 Three samples of the heat sink/solid state component assemblies are to be subjected tp this test.
After conpletion of the 500" cycle described in 63.3, a temperature of the solid state component for each
sample shall not be more than 15 °C (27 °F) higher than the temperature during the 24th cycle gnd neither
temperatyire shall be more than the rating.a@hthe solid state component.

63.3 The samples are to be subjected’to 500 cycles of current-on and current-off operations. Puring the
current-on time, the samples are to*be carrying maximum rated current. The duration of the curr¢nt-on and
current-off times shall be the length of time required to reach stable temperatures. Stable tempergtures are
obtained when three successiye readings taken at not less than 10 minute intervals indicates no more than
2 °C (3.6 ['F) variation between any two readings. Forced-air cooling is a way to reduce the current-off time
with the doncurrence ef'those concerned.

64 Testp for Petmanence of Cord Tag

64.1 Gdnerfal

64.1.1 Except as noted in 64.1.2, in accordance with 76.2.3, the tests described in 64.3.1 shall be
conducted on a power-supply-cord tag containing markings. Representative samples that have been
subjected to these tests shall meet the following requirements:

a) The tag shall resist tearing for longer than 1.6 mm (1/16 inch) at any point;
b) The tag shall not separate from the power supply cord,;

¢) The tag shall not slip or move along the length of the power supply cord more than 12.7 mm (1/2
inch);

d) There shall be no permanent shrinkage, deformation, cracking, or any other condition that
renders the marking on the tag illegible; and
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e) Over lamination shall remain in place and not be torn or otherwise damaged. The printing shall
remain legible.

64.1.2 A power-supply-cord tag complying with Annex A, Ref. No. 72, for the intended cord type and size
and for the limited slippage rating, is not required to comply with this requirement.

64.2 Test conditions

64.2.1 Nine samples of the tag applied to the power-supply cord in the intended manner are to be tested.
For adhesive applied tags, tests are to be conducted no sooner than 24 hours after application of the tag.

The sam
a)
b)
23
ov
c)
hu
64.3 Teq
64.3.1 HE
power sug
A force of

the power
vertically

64.1.1(d),
compliang
force of 8,
the test su

65 Testq

65.1 Wh
subjected

65.2 Thg
cylindrical
(1/32-inch

cS aic tU IUC CUI Iditiul ICd as fU“UVVD.

Three of the samples are to be tested as received.

Three samples are to be tested at the end of 30 minutes of conditioning at aroom temps
+2 °C (73.4 £3.6 °F) and 50 +5 % relative humidity, following conditioning\in an air-cir
bn at 60 £1 °C (140 +1.8 °F) for 240 hours.

The remaining three samples are to be tested within 1 minute after/exposure for 72 ho
midity of 85 +5 % at 32 +2 °C (89.6 £3.6 °F).

t method

ach sample is to consist of a length of power supply*¢ord to which the tag has been ap
ply cord, with the attachment plug or connector, peinting up, is to be held tautly in a verti

prature of
tulating

Urs to a

plied. The
Cal plane.

22.2 N (5 pounds) is to be applied for 1 minute‘to the uppermost corner of the tag farthest from

supply cord, within 6.4 mm (1/4 inch) of thewertical edge of the tag. The force is to b
jownward in a direction parallel to the major axis of the cord. In determining compli
manipulation such as straightening of.the tag by hand is used where applicable. To ¢
e with 64.1.1(e), each sample is to be scraped 10 times across printed areas and edg
9 N (2 pounds), using the edge of-a 2.0 mm (5/64 inch) thick steel blade held at a righ
rface.

on Transformer Insulating Materials

ere required by~note (c) or (g) of Table 27.1, the transformer insulating material
to the test described in 65.2.

e applied
hnce with
etermine
s, with a
t angle to

shall be

are to be

insulatingymaterial is to be placed between two opposing electrodes. The electrodes

radius. The upper movable electrode is to weigh 50 +2 grams to exert sufficient pr

the specin

ssure on
alue and

brasstor stainless steel rods 6.4 mm (1/4 inch) in diameter with edges rounded to { 0.8 mm

hen'to provide good electrical contact. The test potential is to be increased to the test

the maximum test potential is to be maintained for 1 second. The result complies when there is no dielectric
breakdown.

66 Bus Bar Tests

66.1 An aluminum bus bar employing a coating mentioned in 21.2.1 (c) or a bus bar that has a clamped
joint construction covered by 21.2.3 (b) and 21.2.4 (c), shall be subjected to the tests described in 66.2 —

66.4.

66.2 The temperature of the bus bar joint shall be measured during the temperature test described in
Section 49 and comply with the maximum temperature specified in Table 49.1.
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66.3 The temperature rise at the joint during the 500th cycle shall not be more than 15 °C (27 °F) higher
than the temperature rise at the end of the 25th cycle.

66.4 The test sample is to consist of an assembly of bus bars connected together to form a series circuit.
The bus bars are to be clamped together with the joint construction used in actual production. The number
and size of the bus bar are to represent the maximum ampere rating and the maximum current density in
which the joint construction is employed. More than one test is to be conducted when required to
accomplish this. The length of each bus bar is to be 609 mm (2 feet). The bus bar is to be connected to a
power supply by any means that does not affect the joint temperature. The power supply is to be adjusted
to deliver a value of current that results in a temperature of 75 °C (135 °F) above room temperature at the
joint. The i j - current is
to be reagljusted to bring the temperature of the joint to 75 °C (135 °F) above room temperattrg; and this
current value is to be maintained for the remainder of the cycling test. At the end of the25th fnd 500th
cycles, the temperatures are to be recorded. The temperatures are to be measured on‘ both sides of the
joint as close as possible to the bolt or rivet. The cycling rate is to be 3 hours on and”1"hour dff. The on
period dyring which temperatures are recorded shall be what is required for the\joint to attajn thermal
equilibrium. The length of the bus bar may be less than 609 mm (2 feet) withthe concurrencg of those
concernefl.

67 Harmonic Distortion Test

67.1 A Unit rated for a harmonic factor (HF) or total harmonic distoriion (THD) of the supply cuyrrent is to
be tested as described in 67.2 and 67.3. With the unit enerdized at the input voltage and frdquency in
accordange with 45.1 and 45.2, HF or THD shall not be morethan 10 % over the manufacturer's rating for
the unit when controlling the maximum intended battery load:

67.2 The supply for the test is to have a voltage distortion of less 0.5 %. Since the source (supply) voltage
affects the magnitude of the harmonics, for measuring purposes, the supply impedance for cord- ¢onnected
units rated 240 volts or less shall be 0.08 ohm.6f less and the supply impedance for other unitg shall not
exceed a|value that affects the results of the téest.

67.3 The magnitude of the various harmonics of the supply frequency is to be recorded to the thirty-third

(33) harr:Lonic. The harmonic distaition factor is the ratio of the harmonic content to the rms value of the
fundamental. The harmonic factor(HF) is to be calculated as follows:

FTZFT12F

HE = (L0

Ifundamental

The total parmenic distortion (THD) is to be calculated as follows:

12 2 2
Jlztlgtlg+ ..

2 2 2 2
\/I1+I2+I3+I4+...

THD =

where
l1 =100 % at the fundamental frequency,
I = magnitude, in percent of the fundamental, of the second harmonic

I3 = magnitude, in percent of the fundamental, of the third harmonic
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68 Impact Test

68.1 An enclosure or guard shall be subjected to this test. The enclosure or guard is to be subjected to
an impact of 6.8 J (5 foot-pounds) on any surface that is exposed to a blow during normal use. This impact
is to be produced by dropping a steel sphere, 50.8 mm (2 inches) in diameter and weighing 535 g (1.18
pounds), from a height of 1.29 m (51 inches) to produce the 6.8 J (5 foot-pound) impact. For surfaces other
than the top, the steel sphere is to be suspended by a cord and swung as a pendulum, dropping through
a vertical distance of 1.29 m (51 inches) to strike the surface.

68.2 The enclosure or guard is to be subjected to the impact test described in 68.1 with or without any

t snecified byvthe manufactiirer so as-torestltin the maost severe tast
attachmentsp y .

68.3 When the part under test is made of polymeric material, the impact test is to be first Conducted on a
sample o samples in the as-received condition. The test is then to be repeated on a_.different $ample or
samples that have been cooled to room temperature after being conditioned for 7_hedrs in ar] air oven
operating jJat 10 °C (18 °F) higher than the maximum operating temperature of the*material, and not less
than 70 °C¢ (158 °F). While being conditioned, a part is to be supported in the same manner in yhich it is
supported on the unit.

68.4 Upodn being removed from the oven mentioned in 68.3 and before being subjected to the impact
test, no samples shall show signs of cracking or other deleterious effects from the oven conditioning, and
no samplg shall be distorted so as to result in a risk of injury to persons.

68.5 After the impact test, any openings resulting fromithe test shall comply with the acgessibility
requiremgnts described in Protection of Users — Accessibjlity and User Servicing, Section 8.

69 Drop|Test

69.1 The test is to be performed on three samples of a portable or hand held unit, or portion pf a hand
held unit ot including the vehicle connectot,weighing less than 18 kg (40 Ibs). The samples arg to be at
room temperature [nominal 25 °C (77 °E)}-

69.2 With reference to 69.1, each'sample is to be dropped three times from a height of 0.9 m (3 feet) to
strike a cgncrete surface in the_positions favorable to producing adverse results.

69.3 Immediately followingthe test, the unit is to be:

a) Bubjected-tq the Dielectric Voltage Withstand Test of Section 50. The potentials shall be applied
befween the-input/output circuits and bonded/grounded or non-current carrying metal paits;

b) Examined for exposure of live parts of internal wiring; and

¢) Examined for reduction of spacings below the minimum specified in Spacings, Section 23.
70 Stability Tests

70.1 A unitis not to be energized during this test. The test is to be conducted under conditions favorable
to causing the product to overturn. The following conditions are to be such as to result in 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 unit;

b) Connection of or omission of any attachment made available by or specified by the
manufacturer;
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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 unit is tipped or the supporting surface is inclined.

70.2 With reference to 70.1 (a), where casters are used only to transport the unit and jacks are lowered
after installation, then the jacks — not the casters — are to be used in the most unfavorable position for the
test, consistent with reasonable leveling of the unit.

70.3 In conducting the stability test, the unit is to be:

a)

b)

70.4 Wi

through gn angle of 10°, a part or surface of the unit not normally in contact with'the horizontal

surface td

is to be continued until the surface or plane of the surface of the unit originally,in contact with the

supportin

71 Stat

71.1 Wihen mounted as specified by the manufacturer, a power unit shall comply with the test s

71.2.

712 Th

the unit ahd not less than 9.1 kg (20 pounds):

a)

b)

72 Stre

72.1 A handle used to support or carry a unit shall withstand a load of four times the weight

without d
attached.

722 To
applied o

Placed on a plane inclined at an angle of 10° from the horizontal, or

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

th reference to the requirement in 70.3(b), for a unit that is constructed sa.that, while bg
uches the supporting surface before the unit has been tipped through an angle of 10°,

p surface is at an angle of 10° from the horizontal supporting suxface.

c Load Test

e supporting means of a power unit shall Support a static load of four times the weigh

Applied through the center of gravity-of the power unit in the downward direction, or

Applied evenly over the horizontal plane of the unit.

ngth of Handles Test

bmage to the handle, its securing means, or that portion of the enclosure to which the

determine whether a unit complies with the requirement in 72.1, the load is to be
VerraZb mm (3 inch) width at the center of the handle, without clamping. The load is to

at zero apd\gradually increased so that the test value is attained in 5 to 10 seconds; the test val

ing tipped
supporting
he tipping
horizontal

pecified in

t of the of

Df the unit
handle is

uniformly
be started
e is to be

maintained for 1 minute. When a unit has more than one handle and is not capable of being carried by one
handle, the load is to be distributed between the handles. The distribution of the load is to be determined
by measuring the percentage of the unit weight sustained by each handle with the unit in the normal
carrying position. When the unit is furnished with more than one handle and is capable of being carried by
only one handle, each handle is to withstand the total load.

73 Accelerated Aging Tests of Supporting Feet

73.1 Mounting feet depended upon for support — see 49.5 — made of neoprene or rubber compounds and
solid polyvinyl chloride materials, except foamed materials, shall have physical properties as indicated in

Table 73.

1 before and after the conditioning indicated in Table 73.2.
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Physical Properties for Supporting Feet

Table 73.1

Neoprene or rubber compound Polyvinyl-chloride materials
After After
Physical property? Before conditioning condition Before conditioning condition
ing ing
Tensile Set Minimum set when 25.4 mm 6.4 mm - Not Specified
(1 inch) gage marks are stretched to 63.5 (/4 inch)
mm (2-1/2 inches), held for 2 minutes and
measured 2 minutes after release.
ElongationfMinimum Increase n distance 250 % 65 % Of 250 % 75 % of
between 2b.4 mm (1 inch) gage marks at [to 88.9 mm (3-1/2 original [to 88.9 mm (3-1/2 original
break. inches)] inches)]
Tensile Strength Minimum force at 5.86 MPa 75 % of 8.27 MPa 90 % of
breaking ppint. (850 psi) original (1200 psi) original

to be as specified in this table.

2To be determined using the test methods and apparatus described in Annex A, Ref. No. 58, except thesmethod for tengile set is

Table 73.2

Conditioning Parameters

Minimyim material Conditioning
tempefature rise?
°C (3 Rubber or neoprene Thermoplastic
35 (63) Air oven aging for 70 hours at 100 °C (212 °F) 7 days in an air-circulated oven at 87 °[C (189 °F)
50 (90) Air oven aging for 168 hours at 100.°C (212 °F) 10 days in an air-circulated oven at 100 °C
(212 °F)
55 (99) 7 days in an air-circulated oven‘at 113 °C
(235 °F)
65 (117) 10 days in an air-cireulated oven at 121 °C 7 days at 121 °C (249.8 °F) or 60 daygat 97 °C
(249.8 °F) (206 °F) in an air-circulated oven
80 (144) 7 days in an air-circulated oven at 136 °C
(276.8 °F)
2 Measured during the Temperature<lest, Section 49.

MANUFACTURING ANB. PRODUCTION TESTS

74 Prodyction:Lirfe Dielectric Voltage-Withstand Test

74.1 As|avroutine production-line test, each unit shall withstand, without electrical breakdown, the

application of an alternating-current potential at a frequency within the range of 40 — 70 hertz or a direct-
current potential between the primary wiring, including connected components, and accessible non- current
carrying metal parts that are capable of becoming energized and between primary wiring and accessible
low-voltage — 42.4 volts peak, 60 volts, dc or less — metal parts, including terminals and connector contacts.

74.2 The test duration and potential shall be as described in either condition A or B of Table 74.1.
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Table 74.1

Production Test Condition

Condition A

Condition B

Unit voltage rating,
volts

Test potential
v ac

Test potential
vdc

Time,
seconds

Test potential
v ac

Test potential
vdc

Time,
seconds

Rated 250 or less

Rated more than 250

1000
1000+2Vv?

1400
1400+2.8Vv?

60
60

1200
1200+2.4Vv?

1700
1700+3.4Vv?

1
1

@ Maximum marked voltage.

74.3 Th
for 1 secq

74.4 Th
temperat

745 Th
unwired,

a)
re

b)
ur
Pa

c)
VO
a

cq
VQ
cq

746 Th
of electri
restore th
comply. V]
having a

testpotentiatistobegraduatty mcreasedtotherequired-vatue but the futtvatoeisto
nd or 1 minute, as required.

E unit is to be at intended operating temperature, at room temperature, orsat any int
ire for the test.

modified, or disassembled for the test except as follows:

Parts such as snap covers or friction-fit knobs that interfere with performance of the t¢
fuired to be in place.

The testis to be performed before final assembly when the test represents that for the
it. Any component not included shall not affect the results with respect to detern
ssible electric shock from miswiring, defective ecohiponents, spacings, or similar defect

Solid state components that are capable(of being damaged by a secondary effec
Itage surge, excessive heating, or similan effect) of the test are to be short-circuited by
temporary electrical jumper, or the t€st is to be conducted without the component §
nnected, providing the wiring and-terminal spacings are maintained. Additionally,
Itage suppression devices otherthan capacitors connected from primary wiring to n
rrying metal are to be disconnected during the test where required.

P test equipment shall have a means of indicating the test potential, an audible or visug
al breakdown and,<for automated or station type operations, either a manual-reset
e equipment after\electrical breakdown or an automatic-reject feature for any unit tha
Vhen an alternating-current test potential is applied, the test equipment shall include a tr
Sinusoidal output.

be applied

Ermediate

P test is to be conducted when the unit is fully assembled. it is not intended that the unit be

st are not

completed
ination of

(induced
means of
lectrically
transient
bn-current

| indicator
device to
t does not
ansformer

74.7 When the-rated output of the test equipment is less than 500 volt-amperes, the equipment shall

include a

voltmeter in the output circuit to indicate directly the applied test potential.

74.8 When the rated output of the test equipment is 500 volt-amperes or more, the test potential is to be
indicated by a voltmeter in the primary circuit or in a tertiary-winding circuit; by a selector switch marked to
indicate the test potential; or by a marking in a readily visible location to indicate the test potential in the
case of equipment having a single test-potential output. When an indicating voltmeter is not used, the test
equipment shall include a visual means (such as an indicator lamp) to indicate that the test voltage is
present at the test-equipment output.

74.9 Test equipment other than that described in 74.6 — 74.8 are not prohibited from being used when
found to accomplish the intended factory control.

74.10 For the test, either a specified number of control devices are to be closed or separate applications
of the test potential are to be made so that all parts of the primary circuit are tested.
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75 Production-Line Bonding/Grounding-Continuity Test

75.1 Each unit that has an input or output cord with a bonding/grounding conductor shall be tested, as a
routine production-line test, to determine that bonding/grounding continuity is provided between the
grounding blade or pin of the attachment plug and the accessible non-current carrying metal parts of the
unit that are capable of becoming energized.

75.2 Only a single test is required when the accessible metal selected is conductively connected to all
other accessible metal.

75 3 A HPA H i | H L o + loadi oo los 'y H HI <l H
. n_‘ LAty utcvitT (alm UTIITITTITICT, a4 UallCly ditu DUZZTT CUTTTUITTAUUTT, UT STTTHdlN UTviIv

used to d¢termine compliance with the grounding continuity requirement.

MARKING

language |is Spanish. Annex B provides translations in French and Spanish|of the English

) is to be

markings

Advisory Note: In Canada, there are two official languages, English and French, and’in Mexico, Ive official

specified in this standard. Markings required by this standard may have to be provided in other |
to conform with the language requirements of the country where the product is to be used.

76 Detalls
76.1 General

76.1.1 Upnless otherwise stated, all markings are required to be permanent, that is, either
molded, die-stamped, paint-stenciled; stamped or etched metal that is permanently secured; o
stamped ¢n a pressure-sensitive label secured by\adhesive that, upon investigation, is found f{
with Anneik A, Ref. No. 59.

76.2 Content

76.2.1 Except as noted in 76.2.2, aunit shall be plainly and permanently marked where it
visible, after installation, with:

76.2.2

a) [The manufacturer's hame, trademark, or other descriptive marking by which the organ
regponsible for the 'EV charging system equipment is identified;

b
c

d

) A distinctive{Catalog number or the equivalent;

) The eleetrical ratings specified in 6.1; and

nguages

by being
indelibly
0 comply

is readily

ization

)

With reference to 76.2.1:

a) The manufacturer's identification is not prohibited from being in a traceable code when the unit is
identified by the brand or trademark owned by a private labeler.

b) The date of manufacture is not prohibited from being abbreviated, or being in a nationally
accepted conventional code, or in a code affirmed by the manufacturer, when the code:

1) Does notrepeat in less than 20 years, and

2) Does not require reference to the production records of the manufacturer to determine

when the unit was manufactured.
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76.2.3 Markings are not prohibited from being located on a tag that is attached to the power supply cord
and complies with Annex A, Ref. No. 60. For tags that are not in compliance with these standards, the tag
shall comply with the requirements in Tests for Permanence of Cord Tag, Section 64.

76.2.4 With reference to the requirement in 76.2.1(c), the symbols described in (a) and (b) are used for
markings:

a) A circuitintended 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 76.1 is an example for this marking. See 76.2.5.

b)[ The number of phases shall be indicated if the unit is designed for use on a polyphgse circuit.
The symbol illustrated in Figure 76.2 is an alternative for the word "phase.” See 76:2.5.
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