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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 Assomatlon of Standardization and Certlflcatlon (ANCE)
CSA = A aboratories—Inc—(UL)—Fhe efforts—and—suppc nical
onlzat|on Commlttee for EIectr|c Veh|cle Supply Equment of the Harmon|zat|on of EIectrotec hnical
Stanpgards of the Nations of the Americas (CANENA) are gratefully acknowledged.

This|standard is considered suitable for use for conformity assessment within the stated’/scope ¢f the
stanglard.

The present Mexican standard was developed by the GT CONANCE from thec&@emite de Normalizgcion
de laj Asociacion de Normalizacion y Certificacion, A.C., CONANCE, with the_collaboration of different type
of manufacturers and users.

This jstandard was reviewed by the CSA Subcommittee on DC Fast Charging System for Electric Veljicles,
undgr the jurisdiction of the CSA Technical Committee on industrial Products and the CSA Strategic
Steefing Committee on Requirements on Electrical Safety, and\has been formally approved by thel CSA
Technical Committee. This standard has been developed in compliance with Standards Council of Canada
requirements for National Standards of Canada. It has beef;published as a National Standard of Cgnada
by CBA Group.

Appliication of Standard

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

Note: [Although the intended primary application of this standard is stated in its scope, it is important to note that it remaips the
respopsibility of the users of the standard-to\udge its suitability for their particular purpose.

Levgl of Harmonization
This jstandard uses the 1IEC format but is not based on, nor is it considered equivalent to, an IEC stanglard.
This [standard jis published as an equivalent standard for ANCE, CSA Group and UL.

An epuivalent standard is a standard that is substantially the same in technical content, except as fo|lows:
Technical*national differences are allowed for codes and governmental regulations as well as fhose
recogrized-as-beingiraccordance-with-NAFTA-Artiele-905Fforexamplebecause-oHundamental-elimatic,
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
um nput voltage o ac or C, Tor recharging the propulsion batteries in over-ing-road
ic vehicles (EV). DC charging equipment for EV installations are intended for either:

a) Dry location only, or

b) Dry, wet, and damp location.
Equipment is intended to be installed in accordance with the Installation Codes inAnnex A, Ref. No. 1.
1.2 |The output of the DC charging equipment for EV shall not exceed 1500\ dc.

1.3 |For the purposes of this Standard, the term "electric vehicle",-designated throughout by the ipitials
"EV"| is considered to cover electric vehicles, hybrid electric vehicles, and plug-in versions of these
vehidles.

1.4 |DC charging equipment for EV that is not a complete@ssembly and depends upon installation|in an
end product for compliance with the requirements in this*Standard is investigated under the requirefnents
of this Standard and the standard for the end product.

1.5 |These requirements do not cover battery ehargers covered by Annex A, Ref. Nos. 2 and 3.
1.6 [These requirements do not cover gn-hoard chargers.
1.7 |These requirements do not caver electric vehicle supply equipment covered by Annex A, Ref. Noj 4.

1.8 |These requirements de,not cover DC charging equipment for EV intended to be used in hazafdous
locajons, such as near fuel dispensing stations.

2 Glossary

2.1 |In the text of this Standard, the term "unit” refers to any product covered by this standard. The letters
"EV"| refers {0 an electric vehicle, a hybrid electric vehicle, or plug-in versions of these vehicles in
accordance with 1.2. For the purpose of this Standard, the following definitions 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, injury 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
condlictive electrolyte, that are intended to convert chemical energy directly into electrical energy.

2.8 [CLASS 2 TRANSFORMER — A step-down transformer complying with the applicable reguirenpents
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-type,vehicle for highway use, such|as a
passg¢nger automobile, bus, truck, van, motorcycle, or similar/ vehicle, which receives primafy or
supplementary propulsion power from an electric motor that draws current from a rechargeable stqrage
battefy.

2.11 | ELECTROLYTE — A semisolid, liquid, or aqueous\salt solution that makes ionic conduction betyveen
positive and negative electrodes of a cell possible.

2.12 | ENCLOSURE - A surrounding case constructed to provide a degree of protection to pers¢nnel
against access to hazardous parts and to provide a degree of protection to the enclosed equipment against
specified environmental conditions.

2.13 | EXPOSED - Visible and abl&ito'be contacted by an accessibility probe.
2.14 | FASTENED IN PLAGE,="A mounting means for equipment which is specifically designed to permit
perioglic removal of the equipment for relocation, interchangeability, maintenance, or repair without th¢ use

of a tpol.

2.15 | FIELD-WIRING LEAD — Any lead to which a supply, load, or other wire is intended be connect¢d by
an ingtaller.

2.16 | FIELD-WIRING TERMINAL — A terminal to which a supply, load, or other wire is intended {o be
conngcted 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 1000cvolts and
the ¢nergy limited to 100 volt-amperes by either a secondary winding of a transformer, @ne ‘or [more
resisfors complying with 25.10, or a regulating network complying with 25.11.

2.23| LIVE PART - A conductive part, such as metal, within the unit that during-intended use has a
potential difference with respect to earth ground or any other conductive part.

2.24] LOW-VOLTAGE, LIMITED-ENERGY (LVLE) CIRCUIT — A circuit invdlving an alternating cuirrent
voltage of not more than 30 volts, rms (42.4 volts peak) or a direct current yoltage of not more than 6(Q volts
and $upplied by:

a) An inherently limited Class 2 transformer or power unitvor a not inherently limited Class 2
transformer or power unit and an overcurrent protective-device that is:

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

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

b) A combination of an isolated-tfansformer secondary winding and one or more resistorg or a
regulating network complying with"25.11 that complies with all the performance requirements for an
inherently limited Class 2 trahsformer or power source.

2.25| MEASUREMENT INDICATION UNIT (MIU) — The output voltage across the meter, in millivolt$ rms,
in the¢ measurement instrument in Figure 46.3, divided by 500 ohms. (The instrument indication is equal to
the rins value in milliamperes when the frequency is 60 Hz (sinusoidal current). The reading is not ajways
a direct indication of-thie’rms or other common amplitude quantifier of leakage current when the legkage
currgnt is of compiex‘waveform or frequency other than 50 or 60 Hz.)

2.26( PORTABLE UNIT — A unit that has no provisions for permanent mounting or wiring, and is gasily
carrigd or Conveyed by hand and whose input rating does not exceed 16 ampere, 120 V ac.

2.27 —PRESSURETERMINATCONNECTOR=ATfietdwiringterminat-thataccomptishestheconmection
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.

2.33 | TOOL — A screwdriver, coin, key, or any other object that is used to operate a screw, latch;.opsimilar
fastelfing means.

3 Cpmponents

3.1 A component of a product covered by this Standard shall:

a) Comply with the requirements for that component as specified in thiis Standard. A compgnent
shall comply with the ANCE, CSA, or UL standards as appropriate for.the country where the prgduct
is to be used.

b) Be used in accordance with its rating(s) established for the/intended conditions of use; and

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

3.2 QA component of a product covered by this Standard is not required to comply with a spegcific
component requirement that:

a) Involves a feature or characteristic,not required in the application of the component i the
product;

b) Is superseded by a requirement in this Standard; or

c) Is separately investigate@when forming part of another component, provided the compongnt is
used within its established-ratings and limitations.

3.3 [Specific components are incomplete in construction features or restricted in performance capabilities.
Such|components areditended for use only under limited conditions, such as certain temperatureg not
excegding specified inits, and shall be used only under those specific conditions.

3.4 A component that is also intended to perform other functions such as overcurrent protection, grqund-
fault gircuit-interruption, surge suppression, any other similar functions, or any combination thereof, [shall
comply additionally with the requirements of the applicable ANCE, CSA, or UL standard(s) that qover
devicpsthat 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) Input rating in volts, number of phases, frequency, and amperes; and

b) Output rating in volts dc and amperes.
7 Hrame and Enclosure
7.1 |General

7.1.) Except as noted in 7.1.2, a unit shall be provided with,@ne or more enclosures that house gl live
partd. The enclosure shall be formed and assembled so that'it has the strength and rigidity to resist the
abuses to which it may be subjected to in use without restilting in a risk of fire or electric shock due t¢ total
or pdrtial collapse with resulting reduction in spacings, {aosening or displacement of parts, or other defects.
The parts of the enclosure that are required to be in¢lace to comply with the requirements for risk qf fire,
electric shock, injury to persons, and electrical energy — high current levels shall comply with the applicable
enclgsure requirements specified in this standard.

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

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

7.1.4 A part, such as a'dial, display face, or nameplate, that serves as a functional part of the enclpsure
shalllcomply with the_éngclosure requirements.

7.1.5 Except _@s~noted in 7.1.6, when an electrical instrument, such as a meter, forms part ¢f the
enclgsure, the face or the back of the instrument housing, or both together, shall comply with the
requirements.for an enclosure.

7.1.6

7.2 Accesscovers

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
same enclosure,
b) Rated 2 amperes or less for loads not exceeding 100 volt-amperes,
¢) An extractor fuse having an integral enclosure, or
d) Connected in a low-voltage, limited-energy circuit.

7.2.3 —A-doororcovergiving-accessto-afuseshal-be-tight-fitting-

7.3 [Cast metal enclosures

7.3.1
7.1

7.3.2
into g
stren

Except as noted in 7.3.2, the thickness of cast metal for an enclosure shall be as specified in ]

Die-cast metal and cast metal of a lesser thickness is employed when Upon investigation (t
ccount the shape, size, and function of the enclosure) it is found to have equivalent mechg
jth for the intended use.

Table 7.1
Thickness of Cast-Metal EncloSures

[able

aken
nical

Minimum thickness, mm (inch)

Cast metal of other t

nan

Use, or dimension of area involved Die-cast metal the die-cast type

Arealof 154.8 cm? (24 square inches) or less and having no 16 (1/169) 3.2 2/8)
dimepsion greater than 152 mm (6 inches)

Arealgreater than 154.8 cm? (24 square inches) or having any 24 (3/32) 3.2 a/4)
dimepsion greater than 152 mm (6 inches)

At a fhreaded conduit hole 6.4 (1/4) 6.4 (2/4)
At ar| unthreaded conduit hole 3.2 (1/8) 3.2 a/4)
2 Theg area limitation for metal 1.6 mm (1/16 inch) thick is obtained by the provision of reinforcing ribs subdividing a larger area.

7.4

74.1

7.4.2
in Ta

Sheet metal enclostres
Sheet metal-englosures shall comply with the requirements in Annex A, Ref. No. 10 or 7.4.2.

With reference to 7.4.1, the thickness of a sheet-metal enclosure shall not be less than that spe
ple 7.2,and Table 7.3. Uncoated steel shall not be less than 0.81 mm (0.032 inch) thick, zinc-cq

steel

shalknot be less than 0.86 mm (0.034 inch) thick, and nonferrous metal shall not be less than

cified
ated
1.14

mm (

D.045 inch) thick for surfaces of an enclosure at which a wiring system is to be connected. A p

Art 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.



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

NMX-J-817-ANCE-2022 ¢ CSA C22.2 No. 346:22 ¢« UL

DECEMBER 15, 2022 2202 15
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)
12:4 (4-75) 14.6 (5-75) 171 (6-75) 210 (8-25) |
1852 (6.0) Not limited 24.1 (9.5) Not limited 0.66 (0.026)¢ 0.74 (0]029)¢
178 (7.0) 222 (8.75) 254 (10.0) 31.8 (12.5)
203 (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)
318 (12.5) Not limited 495 (19.5) Not limited 1.07 (00042) 1.14 (d.045)
356 (14.0) 45.7 (18.0) 53.3 (21.0) 63.5 (25.0)
497 (18.0) Not limited 68.6 (27.0) Not limited 1.35 (0.053) 1.42 (0.056)
508 (20.0) 63.5 (25.0) 73.7 (29.0) 914 (36.0)
559 (22.0) Not limited 83.8 (33.0) Not limited 152 (0.060) 1.60 (0.063)
635 (25.0) 78.7 (31.0) 88.9 (35.0) 109.2 (43:0)
635 (25.0) Not limited 99.1 (39.0) Not limited 1.70 (0.067) 1.78 (g.070)
737 (29.0) 91.4 (36.0) 104.1 (41.0) 129.5 (51.0)
838 (33.0) Not limited 129.5 (51.0) Not limited 2.03 (0.080) 213 (g.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 (q.097)
119.4 (47.0) 149.9 (59.0) 172.7 (68)0) 213.4 (84.0)
132.1 (52.0) Not limited 203.2 (80.0) Not limited 2.74 (0.108) 2.82 (g111)
152.4 (60.0) 188.0 (74.0) 2134 (84.0) 261.6 (103.0)
160.0 (63.0) Not limited 246.4 (97.0) Not limited 3.12 (0.123) 3.20 (4.126)
18%.4 (73.0) 228.6 (90.0) 261.6 (103.0) 322.6 (127.0)
2Seq 7.4.4and 7.4.5.
b Thd width is the smaller dimension)of a rectangular sheet metal piece that is part of an enclosure. Adjacent surfaces of an
enclgsure may have supports ‘it common and be made of a single sheet.
¢"Not limited" applies only.When the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surface$ not
normjally removed in uses
4 Shdet steel for an enclosure intended for use in wet and damp locations shall not be less than 0.86 mm (0.034 inch) thick when
metg coated and not less than 0.81 mm (0.032 inch) thick when uncoated.



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

NMX-J-817-ANCE-2022 ¢ CSA C22.2 No. 346:22 ¢« UL

16 2202 DECEMBER 15, 2022
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 (3.5) 10.2 (4.0 21.6 (8.5) 24.1 9.5 (0.023)
10.2 4.0 Not limited 25.4 (10.0) Not limited 0.74
Pp.7 (5.0) 15.2 (6.0) 26.7 (10.5) 343 (13.5) (0.0%29)
1.2 (6.0 Not limited 35.6 (14.0) Not limited 091
1.5 (6.5) 20.3 (8.0) 38.1 (15.0) 457 (18:0) (0.036)
2.3 8.0 Not limited 48.3 (19.0) Not limited 114
p (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (25.0) (0.045)
305 (12.0) Not limited 711 (28.0) Not limited 1.47
.6 (14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0) (0.0%8)
46.7 (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) (0.015)
3.4 (25.0) Not limited 152.4 (60.0) Not limited 241
87 (29.0) 91.4 (36.0) 162.6 (64.0) 198.1 (78.0) (0.095)
M0 (37.0) Not limited 221.0 (87.0) Not limited 310
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 3.99
1%2.4 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0) (0.1%$3)
2Seg¢ 7.4.4and 7.4.5.
b Thd width is the smaller dimension of a rectangular.sheet metal piece that is part of an enclosure. Adjacent surfaces of an
enclgsure may have supports in common and bée made of a single sheet.
¢ "Nok limited" applies only when the edge ofithesurface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surface$ not
normally removed in use.
4 Shdet copper, brass, or aluminum fer an-enclosure intended for use in wet and damp locations shall not be less than 0.74 mm
(0.049 inch) thick.
7.4.3| Table 7.2 and-Tdble 7.3 are based on a uniform deflection of the enclosure surface for any given
load ¢oncentrated at'the center of the surface regardless of metal thickness.
7.4.4] With reference to Table 7.2 and Table 7.3, a supporting frame is a structure of angle or channe] or a

folded rigid:section of sheet metal that is rigidly attached to and has the same outside dimensions ap the
uressurface and that has the torS|onaI rlgldlty to resist the bendlng moments that are apphed vip the

enclo

as one built Wlth a frame of angles or channels

rigid

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 ismade ffom a
matgrial classed as HB or better, is not required to comply with 7.5.1 under any one (of)the follpwing
condjtions:

a) The nonmetallic part covers an opening that has no dimension greater than 25.4 mm (1 inch);

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 moving parts to the user when the
nonmetallic part is removed;

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

d) The nonmetallic part with a barrier or a device:that forms a barrier made of a material clasged V-
0 between the nonmetallic part and a source of.a risk of fire.

7.5.4 A part of a component is not required tobe classed V-0, V-1, V-2, or HB when it complies with the
flamability class applicable to the compongnt:

7.5.5 A polymeric material enclosurelhaving in any single unbroken section, a projected surface area
greater than 0.93 m? (10 square feet) or a single linear dimension greater than 1.83 m (6 feet) shall have a
flamg-spread rating of 200 or less\when tested in accordance with the:

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

b) Radiant-panei furnace method in Annex A, Ref. No. 14.

7.5. A material‘with a flame-spread rating higher than specified in 7.5.5 is a usable alternative fopr the
extefior finish arcovering on any portion of the enclosure when the flame-spread rating of the combimation
of the base waterial and finish or covering complies with 7.5.5.

7.5.7] CExcept 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, Retf. No|. 15;
or

b) Be subjected to the test described in 61.1.
7.7 Ppenings for wiring
7.7.1] The requirements described in 7.7.2 — 7.7.9 apply to fixed in place units.

7.7.2] When threads for the connection of conduit are tapped all the way:through a hole in an enclgsure
wall gr when an equivalent construction is employed, there shall not be léss than three nor more than five
threafls in the metal, and the construction of the enclosure shall be such that a conduit bushing is capable
of bejng attached as intended. When threads for the connection_of“conduit are not tapped all the| way
through a hole in an enclosure wall, conduit hub, or similar material, there shall not be less than B-1/2
threafls in the metal and there shall be a smooth, rounded inlet-hole for the conductors equivalent tq that
provigled by a standard conduit bushing with an internal diaimeter the same as that of the corresponding
trade|size of rigid conduit.

7.7.3| Clamps and fasteners for the attachment-of conduit, electrical metallic tubing, armored cpble,
nonmletallic flexible tubing, nonmetallic-sheattied cable, service cable, and similar material thaj are
suppljed as 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 without updue
deformation of the enclosure.

7.7.5] A knockout shall be provided with a flat surrounding surface so that the conduit bushing is caTabIe
of be|ng seated as intended,.and shall be located so that installation of a bushing at any knockout fo be
used |during installation-dees not result in spacing between an uninsulated live part and the bushing fo be
less than that specified, in Spacings, Section 23.

7.7.6] In measuring a spacing between an uninsulated live part and a bushing installed in a knockopt as
mentioned in-Z.7.5, a bushing having the dimensions specified in Table 7.4 shall be in place, in conjunction
with g single™tocknut installed on the outside of the enclosure.
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Table 7.4
Knockout or Hole Sizes and Dimensions of Bushings

Metric designator

Knockout or hole diameter

Bushing dimensions

(Trade size) 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 (1-1/4) 43.7 (1-23/32) 49.2 (1-15/16) 14.3 (9/1p)

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) 15.9 (5/8)

63 (2-1/12) 76.2 ©) 818 (3-7/32) 19.1 (3/4)

78 ) 92.1 (3-5/8) 98.4 (3-7/8) 20.6 (13/16)
7.7.7 For an enclosure not provided with conduit openings or knockouts,’spacings not less than the
minifum specified in Spacings, Section 23 shall be provided between unigsulated live parts and a cgnduit

bushing installed at any location that is to be used during installation. Permanent marking on the enclqsure,
a template, or a drawing furnished with the unit are ways to specify,such a location. The specified log¢ation

of th¢ openings shall be such that damage to internal parts does_ net result when openings are madsg.

7.7.
cap
metg

7.7.9
No. 1

7.8

7.8.1

com

7.9

7.9.1
bottg

moItI

With respect to the requirement in 7.7.7, means shallbe provided so that an opening for congluit is
ble of being made without subjecting internal partsito contamination resulting from the preserjce of
llic particles. Compliance with this requirement is-possible by the use of a removable, bolted plate.

A polymeric- or metal-closure plug for an'unused conduit opening shall comply with Annex A, Ref.

6.

Openings in an enclosure

Enclosure bottom openings

The enclosure of a unit shall be designed and constructed to reduce the risk of emission of :r‘ame,
n metal, flaming or glowing particles, or flaming drops from exiting the enclosure and falli
ustible materials outside of the enclosure.

g on

Exceptras noted in 7.9.2 — 7.9.5, the requirement in 7.8.1 requires a complete noncombystible
m or a-construction employing individual noncombustible barriers under components, groups of
compongents; or assemblies, as specified in Figure 7.1.

7.9.

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'to be shielded by barrier. This consists of the entire component when it is not otherwise shielded, and of the unshiglded
portior] of-aycomponent 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

/

<— X BUT NEVER [ESS THAN
| INCH (25.5mm)

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF MACHINE)

BOTTOM OF MACHINEM

SB0O853
Table 7.5
Perforated Metal Plates for Enclasure Bottom

Minimum thickness Maximum diameter of holes Minimum spacings of holes center to center
mm (inch) mm (inch) mm (inch)
0.66 (0.026) 114 (0:045) 1.70 (0.067)

645 mm? (233 holes per ingh?)
0.66 (0.026) 1.19 (0.047) 2.36 (0.093)
0.76 (0.030) 114 (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 (0.125)

645 mm? (72 holes per indh?)
0.89 (0.035) 1.90 (0.075) 3.18 (0.125)
0.91 (0.036) 1.60 (0.063) 2.77 (0.109)
0.91 (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 - Inaccordance with 7.9.3.

7.10 EII\;:UDUIC‘I‘.U}J UPCII;IIBD

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
EC500 VERTICAL OPENINGS
7.11 | Enclosures for wet and damp locations
7.11.1 General
7111f1  All enclosures provided for units intended for usezin wet and damp locations shall comply] with
the rgquirements in 7.11 or as an alternative, enclosures'may be marked with a type rating suitable foy use
in wel and damp locations and shall comply with Annex*A, Ref. No. 19.
71112 Units intended for use in wet and damp-ocations shall be evaluated for rain exposure in Section
7.11.2. If the unit makes use of gaskets or support feet to comply with the rain exposure, then the gagkets
or support feet are evaluated in accordanceé.with Section 7.11.3. If the polymeric enclosure makes use of
metallic coatings for corrosion protection, the coating thickness is evaluated in accordance with Section
7.11.4.
7.11.2 Ingress protection
7112]1  The unit shall cemply with minimum Enclosure Type 3R rating in compliance with Annex A] Ref.
No. 1pP.
7.11.83 Gaskets
71131 _,Gaskets depended upon for protection from environmental elements shall comply with Anngx A,
Ref. INo: 19.

7.11.4 Metallic coating thickness

7114

1 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 200 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
stabifize 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 grease€,acquer, paint,
and pther nonmetallic coatings are to be removed completely by means of solvents:Representative
deviges are then to be thoroughly rinsed in water and dried. Care is to be exercised t0)avoid contact pf the
cleaned surface 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
orificg, so that the drops of solution strike the point to be tested and run off'quickly. The surface to be tested
is to pe inclined 45° from horizontal.

71147 The stopcock is to be opened and the time in seconds is to be measured until the dropping
solujon dissolves the protective metallic coating, exposing the' base metal. The end point is the first
appdarance of the base metal recognizable by the change jin eolor at that point.

71148 Each representative device of a test lot is_tQ, be subjected to the test at three or more points,
exclyding cut, stenciled, and threaded surfaces, on.the inside surface and at an equal number of poifts on
the qutside surface at places where the metallic coating is expected to be the thinnest. On enclosure made
from|precoated sheets, the external corners that are subjected to the greatest deformation are likgly to
havel thin coatings.

71149 To calculate the thickness’ of the coating being tested, the thickness factor from Table 7.6
applicable for the temperature af Which the test was conducted is to be multiplied by the time in se¢ond
required to expose base metalas-hoted in 7.11.4.7.

[¢)

Table 7.6
Thickness Factors
Temperature Thickness factors, 0.0003 mm (0.00001 inch) per secpnd
C (°F) Zinc platings
21.1 (70) 0.980
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

28.3 (83) 1.095

28.9 (84) 1.100

29.4 (85) 1.110

30.0 (86) 1.120

30.6 (87) 1.130

31.1 (88) 1.141

317 (89) 1.150

322 (90) 4.160
8 Protection of Users — Accessibility and User Servicing
8.1 [General
8.1.1] The requirements in this section apply to parts that are accessible to the user. For protectipn of
servige personnel requirements, refer to Protection of-Service Personnel, Section 36.
8.1.2| To reduce the risk of unintentional contactthat results in electric shock from an uninsulated livg part
or film-coated wire, electrical energy — high, cufrent levels, or injury to persons from a moving paft, an
opening in an enclosure shall comply with either one of the following:

a) For an opening that has a minor dimension (see 8.1.5) less than 25.4 mm (1 inch), such a part or

wire shall not be contacted.By the probe illustrated in Figure 8.1, or

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

be spaced from the-opening as specified in Table 8.1.
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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)
31.8 (1-1/4) 190.0 (7-1/2)
38.1 12 318.0 2-12)
47.6 (1-7/8) 394.0 (15-1/2)
54.0 (2-1/8) 444.0 (17-1/2)
c 762.0 (30)
2Seqd 8.1.5.
:a%?; veen 19.1 and 54 mm (3/4 and 2-1/8 inches), interpolation is to be used to determine a value between Values specified iff the
¢ More than 54 mm (2-1/8 inches), and not more than 152 mm (6 inches).

8.1.3
the o
positi
and,

8.14

provifled by an opening, and not as instruments to judge‘the strength of a material; they shall be ap

with 4

8.1.5
the la

8.1.6
enclo

8.1.7
be ing
move

8.1.8
that &
positi

8.1.9

bening and shall be rotated or angled before, during, and after-inSertion through the opening tq
bn that is required to examine the enclosure. The probe shallbg applied in any possible configurg
vhere required, the configuration shall be changed after insection through the opening.

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

. maximum force of 4.4 N (1 pound).

rgest cylindrical probe that is capable of:being inserted through the opening.

The test pin illustrated in Figure 8:2, when inserted as specified in 8.1.3 through an opening
sure, shall not touch any uninsulated live part that involves a risk of electric shock.

Except as noted in 8.1.3;the probe shown in Figure 8.1 and the test pin shown in Figure 8.2 §
erted as specified in-8x123 into all openings, including those in the bottom of the unit. The unit is
d in whatever way-required to make the entire bottom accessible for insertion of the probe.

For a floor-standing unit, the probe and test pin are to be inserted into all openings in the bq

DN.

DBuring the examination of a unit to determine whether it complies with the requirements in 8.1

The probe specified in 8.1.2 and illustrated in Figure 8.1 shall be applied to any accessible depth of

any
ition;

bility
plied

With reference to the requirements in 8:1.2, the minor dimension of an opening is the diameter of

n an

re to
fo be

ttom

re accessible without tipping, turning over, or otherwise moving the unit from its intended installed

.2, a

part of the enclosure that Is capable of being opened or removed by the user without using a tool IS

o 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.


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

NMX-J-817-ANCE-2022 ¢ CSA C22.2 No. 346:22 ¢« UL

DECEMBER 15, 2022 2202 27
Figure 8.2
Test Pin
— la— 4
+0
20 =152 1
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— 3-0.05
I !
25 10 - - - —]
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4+0 -
-0.05
$2962 Dimensions in millimeters
1 mmf 0.039 inch
8.2 |User servicing
8.2.1 Service functions that are intended to be carried out by the userin accordance with the Maintenance
Instryictions, Section 81, shall comply with the requirements in 8.22 and 8.2.3.
8.2.2 The user shall not have access to any circuits or uninsulated parts that exceed the limits for an

LVLH
syste

8.2.3

area
acce|

9.1

9.1.1
acco

9.1.2

9.1.3
vehiq

m shall be provided that will completely remove the hazard prior to the user accessing the areal

Any user servicing that is intended to beperformed shall not require the use of a tool to acce
where the servicing is to be performed; unless the tool is specified and that tool cannot be us
5S any other area of the device.

lectric Shock
Personnel protection systems

Electric vehicle charging system equipment shall be provided with a system of protecti
rdance with the reguirements in Annex A, Ref. Nos. 20 and 21.

The system of protection shall be either a grounded system or an isolated system.

Forgrounded systems of protection, the bond/ground connection is intended to be carried g
le_as a level of protection of the user. The connection to the vehicle is a bonding connect

E circuit. If the user is intended to access circuits or parts of the device above these limits, an int¢rlock

S the
ed to

pn in

n the
on in

acc

| akla O ' 4.7 () Hlo N | H L £ sl P L () %
Udiivt Wit OTULUUIT L7, AlTU U STTAIT UT SUTtdly SIZTU TUT TS LUTTTTIU TTIVUIVEU TTIT T SYSTTITIT.

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 Co7 where 0.00328 < C < 2.67
V < B67 where 2.67<C<13.9
V <P314 CO7 where 13.9 C 2184.5 in a DRY environmeént
V <60 where C =2 184.5 in a DRY environment
V < 2314 C07 where 13.9 < C <497 in a WET environment
V < B0 where C 2497 in a WET envirenment
in which:

C isthe capacitance of the capacitor in microfarads; and

V is the voltage across the capacitor in volts. V is to be.measured 5 seconds after the capacitor
terminals are accessible by the removal or openingcefyan interlocked cover, or similar dgvice.
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
investligated to determine whether or not it involves\a-isk of electric shock.

Table 9.1
Risk of Elegtrjc Shock — Stored Energy Current

Environment Capacitance in microfarads® Maximum aIIowa_bIe v_oltage acrgss
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
0.2 2,249
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

Limits for Voltage Across Capacitance

Environment Capacitance in microfarads?® Maximum aIIowa_bIe vpltage across
the capacitor, in volts
Dry only 184.5 or more 60.0
Wet 200 56.7
497 or more 30.0
@ See Figure 9.1.
Figure 9.1

a — Dry Environment
10° | V=40,000 b — Wet Environmeént
. v=729¢~0.7
o 1071
K 1
s I
Iy 1
S 1
S 1
g 10°4 |
S L
367 —— 20
o 1 ~0.7 a
2 ) 2314C
3] | —
-:Lc> 102 4 | FV—GO
60 b—— e e ——— e
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r I 1 [ 5 =30
10 4—f— ! — T !
0.001 0,0 0.1 1 10 10 10° 10*
0.00328 2.67 139 184.5 497
Capacitance in Microfarads
$3260
10 Mounting
10.1| Aunitthat is intended to be fastened in place shall have provision for mounting it securely in pogition.
Boltd, serews, or other parts used for securing the mounting means shall be independent of those uged to
secureComponents of the unit to the frame, base, or panel. The unit shall be removable from the moynting

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 | For units intended for use in dry locations only, iron and steel parts shall be protected/against
corrogion by painting, galvanizing, sherardizing, plating, or other equivalent means. For units‘intendgd for
use ih wet and damp locations, corrosion protection shall be in accordance with 11.3 £ 711.11.|This
requitement applies to all enclosure parts, whether of sheet steel or cast iron, and to all.springs and pther
parts|upon which intended mechanical operation depends. Bearing surfaces shall be-6f such material$ and
constructed 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
corrogion:

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

b) A minor part, such as a washer, screw, bolt, or Similar parts, where the failure of such
unprotected parts does not result in a risk of fire, electric.shock, electrical energy-high current Igvels,
or injury 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 | Metals shall not be used in conjunction such as to cause galvanic action that adversely affects the
enclopure.

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

11.5 | An enclosure of cast {ron‘or malleable iron at least 3.2 mm (1/8 inch) thick shall be protected against
corrosion by:

a) A 0.0038.71p' (0.00015 inch) thick coating of zinc, or the equivalent, on the outside surface and a
visible coatibg 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 paint on pach
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.

11.6 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

11.7
inch
by o
desc

11.8

corrostoirtests:

An enclosure of sheet steel 3.20 mm (0.126 inch) thick or more when zinc-coated, or 3.12umm (P.123
thick or more when uncoated, shall be protected against corrosion by one of the follewing megns or

ther metallic or nonmetallic coatings that have been shown to provide equivalent“protection as
Fibed in 11.8.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Desighation G60 or A60 in
Annex A, Ref. No. 22 with not less than 40 % of the zinc on any side, based on the minimum gingle-
spot-test requirement in this ASTM designation. The weight of zinc €0gting shall be determined by
any applicable method; however, in case of question, the weight ef.coating shall be established in
accordance with Annex A, Ref. No. 23. An A60 (alloyed) coatirig shall also comply with 11.10

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 0.0104-mim (0.00041 inch) on each surface with a
minimum thickness of 0.0086 mm (0.00034 inch). The thickness of the coating shall be established
by the metallic-coating thickness test described in"Section 7.11.4. An annealed coating shall also
comply with 11.10.

¢) Two coats of an organic finish of epoxy.or alkyd resin or other outdoor paint on each sufface.
Whether the paint meets the intent forwwhich it is required shall be determined by evaluation|of its
composition or, where required, by cerrosion tests.

d) Any one of the means specified.in 11.6.

With reference to 11.6 and“11.7, other finishes, including paints, special metallic finishes, and

combinations of the two are determined to be equivalent when comparative tests with galvanized gheet

steell — without annealing{ wiping, or other surface treatment — conforming with 11.6(a) or 11,

7, as

applicable, indicate they.provide equivalent protection. Among the factors that are taken into account
judging whether such.cgating systems meet the intent of the requirement are exposure to salt spray,
carbpn dioxide-sulfundioxide-air mixtures, moist hydrogen sulfide-air mixtures, ultraviolet light, and

See Annex A, Ref-No. 24, for investigation of component coatings.

when
moist
vater.

11.9] Testsspecimens of a finish as described in 11.5(b) or 11.8, 11.6(c), or 11.7(c), when the paint is
testeld,-are to be consistent with the finish that is to be used in production with respect to the base metal,
cleaning’ g icati i ickness, 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 toal, rivets,
and gtaked 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 resulting 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, or the equivalent

12.4 | A rotating part that, when loosened, results in a risk of fire, electric shock; electrical energy — high
current levels, or injury to persons shall be assembled so that the direction of,rotation tends to tightep the
mear]s that hold the rotating part in place. A keyed part, a press fit, a partlocked in place with a pin, or
equivalent means to hold a rotating part in place is allowed.

12.5 | Except as noted in 12.6, a switch, fuseholder, lampholdef) attachment-plug receptacle, notor-
attachment plug, or other component that is handled by the operator shall be mounted securely, notjturn,
and gomply with the requirements specified in 12.7.

12.6 | A switch is not prohibited from turning when ali the fellowing conditions are met:

a) The switch is of a plunger, slide, or othef’type that does not tend to rotate during intehded
operation (a toggle switch is considered te, be subjected to forces that tend to turn the switch)

b) The means of mounting the switchreduces the risk that operation loosens the switch;
¢) Spacings are not reduced belowthe minimum required value where the switch rotates; and

d) Intended operation of(the switch is by mechanical means rather than by direct conta¢t by
persons.

12.7 | The means of seeliring components mentioned in 12.5 shall include more than friction betyveen
surfages. A lock washeris an example of a means to secure a device having a single-hole mounting me¢ans.

12.8 | Except as\noted in 12.9, a blower or fan motor including the blower or fan blade itself [shall
be secured by.bolts and nuts complying with 12.3, bolts and nuts having holes or slots with cotter] pins
applied as 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 Switches 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
application.

13.3| A switch used to connect a load to various sources or potentials shall be a type that-has|been
invegtigated and rated for such use.

13.4] A switch or other device controlling a relay, solenoid coil, or similar device shall\have a pilof duty
rating intended for the application.

13.5| Each pole of a snap switch rated as a 2-circuit, 3-circuit, or multi-circuit switch may control a separate
load [at the full voltage rating of the switch. Each pole of a snap switch rated)ds a 240-volt, 2-pole gwitch
may pontrol a separate 120-volt load, and both poles are not prohibited fronx.controlling both legs of a single
240-yolt load. Each pole of a snap switch rated as a 240-volt, 3-pole switch may control a separatg load
not gxceeding 139 volts and the three poles may control the three.legs of a 3-phase, 240- volt load.

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

13.7| A switch shall not disconnect the grounded conduttor of a circuit unless:
a) The switch simultaneously disconnectis-all conductors of the circuit; or

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

13.8| Solid state switches shalfs.-comply with the requirements in this standard. Mechanical and
electromechanical switches shall.comply with the applicable requirements for switches such as in Annex
A, Ref. Nos. 25 and 26, or pther’applicable standards.

13.9] Where a unit switch or circuit breaker is mounted such that movement of the operating handle
between the on pasition and off position results in one position being above the other position, the yipper
posigon shall be.the on position. This requirement does not apply to a switching device having moreg than
one on positioN;a double throw switch, a rotationally-operated switch, or a rocker switch.

14 Bupply Connections

14.1 Permanently 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
(Canjida) and of no less than 125 % of the maximum current that the circuit carries during rated conditions
descifibed in 48.1. For determining the applicable column in Table 310-16, see 78.2(l) and 78.2(m).

14.1.2 Wiring terminals

1412(1 A wiring terminal shall comply with the requirement in 14.1.1.4 for the typeef conductor for which
it is marked. 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 pregsure
termipal connector of other than the crimping type that is securely fastened in place — for example, firmly
boltedl or held by a screw.

1412]3 A pressure terminal connector, including a crimping type, may be used when field-installed in
accondance with 14.1.2.7.

14124 A wire-binding screw may be employed at a wiritig terminal intended for connection of a 10 AWG
(5.3 mm?2) or smaller conductor where upturned lugs, a:Gtipped washer, or the equivalent is provided tag hold
the wjre in position.

14125 Except as noted in 14.1.2.6, a wifing terminal shall be prevented from turning or shifting in
positipn by a means other than friction between surfaces. This shall be accomplished by two screws or
rivets} by square shoulders or mortises;by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into gn adjacent part; or by an equivalent method.

14126 A pressure terminal_connector of the type that secures the wire by crimping and us¢d in
accofdance with the requireiments.in 14.1.2.7 may turn when the least spacing between adjacent ternjinals
and glso between terminalS>and non-current carrying metal parts, complies with Spacings, Section 2B, for
when|connectors are.griented in such a position that results in these spacings.

14127 In accordance with 14.1.2.3 and 14.1.2.6, a pressure terminal connector is not required {o be
provigled when'the conditions in (a) — (e) are complied with:

a)"One or more component terminal assemblies shall be available from the unit manufacturer or
athers, 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
14 AWG (2.1 mm?) conductor or a 16 or 18 AWG (1.3 or 0.82 mm?) control-circuit conductor iscallowgd.

141211 A No. 6 (3.5 mm diameter) screw used for the connection of a 16 or 18 AWG 1.3/or 0.8 2|mm?3)
contfol-circuit conductor is allowed.

141212  Awire-binding screw shall thread into metal a minimum two full threads:

141213  Aterminal plate tapped for a wire-binding screw shall be of metalniot less than 1.27 mm (p.050
inch) thick. A terminal plate less than 1.27 mm (0.050 inch) thick may berused in a LVLE circuit or limited-
energy circuit (see 2.24 and 2.22) when the tapped threads withstafid the tightening torque specifjed in
Table 14.1 without stripping.

Table 14.1
Tightening Torque for Wire=Binding Screws

Side of terminal Wire sizes to be tested? Tightening torque
scfew, number mm? AWG Newton meters | (Pound-inghes)
6 1.31-0.824 (ST) 16— 18 (ST) 1.4 (12)
8 2.08 (S) and 1.31— 0.824\(ST) 14 (S) and 16 — 18 (ST) 18 (16)
10 5.26 —2.08 (S) and 1:31 - 0.824 10-14(S)and 16— 18 23 (20)
(SH (ST)
@ ST|- stranded wire; S — solid wire.

141214  There shall Bestwo or more full threads in the metal of a terminal plate. When the mgtal is
extryded at the tapped-hole, at least two full threads shall be provided. Two full threads are not requirgd for
aterminal in a LVLEoplimited-energy circuit — see 2.24 and 2.22 — when a lesser number of threads results
in a $ecure connegtion in which the threads do not strip when subjected to the tightening torque spdcified
in Tgble 14.1.

14.1.2.15\ ‘A terminal for connection of the identified/grounded conductor of an alternating current power
circujt shall be identified as described in 76.2.12.

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 indinadual laad- ond
a-HiaPHEHaeae—aha

¢) Instructions are provided in accordance with 78.2(e).

14134 In the US and Mexico, a field-wiring lead shall consist of general building wire,\or other wiring
where it has a rubber or thermoplastic insulation, and the insulation shall not be less than 0.8-mm ([L/32-
inch) thick. In Canada, a field-wiring lead shall be of a type permitted by Table 19 of the Canadian Eledtrical
Code|Part I.

14136 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 ngt be
conngcted to a wire-binding screw or pressure terminal connector located in the same compartment gs the
free gnd of the wiring lead unless the screw or connector is rendered unusable for field-wiring connegction
or the lead is insulated at the unconnected end, and a marking.is provided on the unit in accordance with
76.2.16.

14137  The free end of a field-wiring lead that is nottised in every installation, such as a tap for a fulti-
voltage transformer, shall be insulated. For a groundirig lead, see 18.1.8.

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

14.1.4 Wiring compartments

14141 A wiring compartment.on a permanently-connected unit shall be located so that wire connedtions
there|n are accessible for ifspection, without disturbing either factory or field connected wiring, after the
unit ig installed in the intended manner.

14142  Wiring compartments, raceways, or similar devices for routing and stowage of conduftors
conngcted in the(field shall not contain rough, sharp, or moving parts that are capable of damaging
condyictor 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 sifnilar objects that are capable of damaging the bushing.

14.4| Cord-connected units
14.4]1 General

14411 For a portable unit or a fastened in place unit, flexible cords and attachment plugg and
receptacles shall be used for connection to the supply circuits. The requirementsidescribed in 14.4.3.1 —

14.4]2.5 do not apply to a Class 2 circuit or to an accessible signal circuit complying with the requirements
in Adcessible Signal Circuits, Section 26.

14.4)2 Cords and plugs

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

or a gord that is equally serviceable in accordance with Anpex 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 cord emrges
from|the unit. The length of the power supply cord shalkbe as follows:

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

b) For portable units, where the interrupting device of the personnel protection system as des¢ribed
in 9.1 is located within the product enclosure, the power supply cord shall be not more than:

1) For Canada, 1.8 m (6 feet); and
2) For Mexieo and the US, 300 mm (12 inches).

c¢) For fastened in place units, where the interrupting device of the personnel protection system as
described.jn 9.1 is located within the product enclosure and the unit is installed at a height that
preventsithe power cord from touching the floor when plugged into the proper receptacle, the power
supply-eord 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.

1451]2 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~cord 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 equipment
through the cord entry hole if such displacement would:

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

¢) Reduce spacings below the minimum acceptable levél:
14.6 | Bushings

14.6.1 At the point at which a supply cord passes through an opening in a wall, barrier, or the oyerall
enclosure, there shall be a bushing or the equivalent that is secured in place and that has a smooth,|well-
rounded surface against which the cord bears:

14.6.2 Insulating bushings shall comply with the requirements in Annex A, Ref. No 28.

14.6.3 A bushing of the samesmaterial as is molded integrally with the supply cord may be used whep the
built-dip section is not less than; 2.6 mm (1/16 inch) thick at the point at which the cord passes through the
enclopure.

14.7 | Identification

14.7.1 A unitshall have the grounded/bonded conductor connected to the following items when provjded:
the sgrew shell of an Edison-base lampholder and the screw shell of an Edison-base fuseholder.| The
grourjded/bonded conductor of a fixed in place unit shall be connected to the field-wiring terminal 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 gutler as
specjfied in 15.9.
15.4] When a conductor is capable of entering or leaving the enclosure surface opposite ity wire
connector, the wire bending space shall be as specified in Table 15.1. A wire is capable of entering or
leaving a top, back, bottom, or side surface when there is an opening or knockout for.awireway or copduit.
Table 15.1
Minimum Wire-Bending Space for Conductors Through a Wall Opposite/Terminals in mm (inches)
Wire size Wires per terminal(pole)?
A:gii?r mm? 1 2 3 4 or more
14+10 2.1-53 Not Specified - - -
ANG
B 8.4 381  (1-112) - - -
5 133 50.8 ) < - -
" 211 76.2 ©) < - -
3 26.7 76.2 ©) b - -
D 336 889  (3-1/2) - - -
il 424 114 (4-1/2) - - _
D 535 140 (5-1/2)8\ 140 179 @ -
40 67.4 152 (6) 152 191 (7-112) -
30 85.0 165 ((6-1/2) | 165 127  (6-12) | 203 ®) -
40 107 179 @ 191 381 (7-12) | 216 127 (8-1/2) -
250 127 216 (8-1/2) | 216 508  (8-1/2) | 229 25.4 ©) 254 (10)
kdmil
3po 152 254 (10) 254 50.8 (10) 279 254 12) 305 (12)
350 77 305 (12) 305 76.2 12) 330 76.2 (13) 355 50.8 (14)
4p0 203 330 (13) 330 76.2 (13) 355 76.2 (14) 381 76.2 (15)
5p0 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 1 2 3 4 or more
1500 760 610 (24) - - —
1750 886 610 (24) - - _
2000 1013 610 (24) - - _

Note[FThe table Includes only those muliple-conductor combinations that are used. Combinations not speciied shall be rariner
evallated.

2Wirp bending space is not prohibited from being reduced by the number of inches shown in brackets under the following
condftions:

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 disturbipg structural or electrigal
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
conngctor, the wire bending space shall be as specified in Table 15.23,The wire bending space|is in
accofdance with Table 15.2 when a barrier is provided between the canmector and the opening, or drawings
are provided specifying that the conductors are not to enter or leaye/the enclosure directly oppositg¢ the
wire ¢onnector. See lllustrations A, B, and C of Figure 15.1.

Table 15.2
Minimum Width of Gutter and Wire-Bending Space\for Conductors Through a Wall Not Oppos|te
Terminals inmm (inches)

Wire size Wires per terminal (pole)
AWG or mm? 1 2 3 4 5
kepmil
1: vT/éO 21-53 Spglc?i;ied - - - - -
g§-6 8.4-133 381 (1-172) - - - -
4-3 21.1-26.7 50.8 2 — - - —
2 336 635 (2-112) - - - -
1 24 76.2 ©)) - - - _
1/9-2/0 53.5¢7.4 88.9 (3-1/2) 127 (5) 178 @) - _
3/ -4/0 85.0- 107 102 (&) 152 (6) 203 () - -
250 kemil 127 114 (4-112) 152 (6) 203 ® 254 (10) -
30Q 350 152 -177 127 5) 203 ® 254 (10) 305 (12) —
400=500 203=253 52 ©) 203 () 754 0y 305 2y 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 distance betweefi a Wire connector or an adjacent barrier and the opposite wall that conductors are intended to pass through.

D, is the distance between a wire connector or an adjacent barrier and the opposite wall or barrier that conductors are not intefded to
pass through.

D is the width ef-a.Wiring gutter having a side through which conductors are intended to pass through.
& A cohduitzopening or knockout is provided in the wall opposite the terminal lugs. D; shall not be less than the minimum wire gending
space| specified in Table 15.1.
b A congut-apenrirg-arihrocke he—waH-at-a a o R FRAa - wal-eppesite 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.
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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
closelto perpendicular to the wall of the enclosure as it is capable of assuming without defeating any'means
provigled to prevent turning, such as a boss, shoulder, walls of a recess, multiple bolts securing the
conngctor, or similar part. A barrier, shoulder, or similar part is to be disregarded where the measurement
is being made when it does not reduce the radius to which the wire must be bent. Whefeya terminal is
provigled with one or more connectors for the connection of conductors in multiple, the'distance is {o be
meadured from the wire opening closest to the wall of the enclosure. See aiso 15.6.

15.9 | Except as noted in 15.10, the width of a wiring gutter in which one or more knockouts are proyided
shall pe large enough to accommodate (with respect to bending) conductors ofithe maximum size that are
used|at that knockout. The values of the minimum required width of & wiring gutter, with respect to
condyictors entering a knockout, are the same as the values of minimum‘required bending space given in
Tabld 15.2. See illustration E of Figure 15.1.

15.10 The wiring space is not required to be of this width when*knockouts are provided elsewherq that
are irf compliance with these requirements, the wiring space.atsuch other point or points is of a width that
accommodates the conductors in question, and the knockaut’or knockouts at such other points are used in
the intended wiring of the unit.

16 External Connections and Wiring
16.1 | Output Cable to the electric vehicle

16.1.1 An EV receptacle, EV plug,ehicle connector, or vehicle inlet shall comply with the requirements
in Anpex A, Ref. No. 29.

16.1.2 The output cable tothe-electric vehicle shall be connected to the EV charger and shall interconnect
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) The-eable shall be Type EV, EVE, or EVT, used with chargers having output voltages 1500 yolts
ordess, and the conductors shall be suitably sized for the ampacity involved. See 16.1.3.

A Tha cahla chall ha of anv tvna ciritahhy inculatad faor tha Aautnut vnaliana of tha charaar see
&—He—-apte-—SHan—Be—Saif—typPe—StHabry—HhiSthat Ho— P Etage -+t Hat-gets

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.

16.1/6 External connections of a unit shall be protected by a mechanical interlock or other means sp that
the gonnection is not energized unless it is coupled to the EV.

16.1]7 External connections of a unit shall be protected by a means that de-energizes the [cable
conductors and connector upon exposure to a strain which results in either cable rupture or separatjon of
the dable from the vehicle connector and allows for access to live parts.

16.2| Ventilation connections

16.2]1 Some electric vehicles may contain batteries that vent gases during charging. These battery ftypes
shalll not be charged indoors unless proper ventilation is provided to remove the expelled gases.
Pernpanently connected charging equipment that is designed\to charge batteries that require proper
ventijation shall be electrically interconnected with the ventilating 'system such that the charging equigment
will nfot start charging or will terminate charging if the ventilatjon system is not operational.

16.22 The provisions for connection shall consist of:

a) Either wiring terminals as specified in 14.1.1.4 — 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 calle er conduit as specified in 14.2.1.

16.213 A permanently connectedtunit which is not designed to charge batteries that require ventijation
shalljbe marked in accordance-with 76.3.17.

16.244 A portable unit oasfastened in place unit shall be marked in accordance with 76.3.17.
17 EV Bonding

17.1| The personnel protection system required by 9.1 will be either a grounded system of protectjon or
an iqolated.system of protection. For grounded systems of protection, the output circuit of a unit|shall
provide/aumeans for bonding the EV when connected. For isolated systems of protection, the vehiclg shall
be isplated from the source and the bonding means provided for monitoring purposes only. When bgnded
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.


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

NMX-J-817-ANCE-2022 ¢« CSA C22.2 No. 346:22 ¢ UL
44 2202 DECEMBER 15, 2022

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.

18.1.4 The bonding/grounding means for fixed in place equipment shall consist of an equipment-
grounding or bonding terminal or lead.

18.1.% An equipment-grounding or bonding terminal means or lead shall be connected-to the frame or
enclosure by a positive means, such as by a bolted or screwed connection. To |reduce the rigk of
inadveertent loosening, the head of the screw or bolt shall not be accessibie from gutside of the enclopure.
The head of a double-nut secured bolt or screw is not required to comply with respect to accessibility

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

18.1.6 An equipment-grounding or bonding connection shall penetraté a nonconductive coating, su¢h as
paintjor vitreous enamel.

18.1.7T An equipment-grounding point or bonding means shall be located so that the risk of inadverfently
remoying the grounding means during servicing is reducéd:

18.1.8 A free end of an equipment-grounding or bending lead shall be insulated (for example, the gnd is
to beffolded back and taped to the lead) unless the'lead is located so that it does not contact live palts in
the eyent that the lead is not used in the field.

18.1.9 Except as noted in 18.1.10, anfequipment-grounding or bonding lead shall be a size intendqd for
the application in accordance with Annex A, Ref. No. 1 (Mexico and US) and Annex A, Ref. No. 1, Table
16 (Cpnada). The lead shall have afree length of at least 152 mm (6 inches) and the surface of the insulation
shall pe green with or without erie“or more yellow stripes. No other lead in a field-wiring compartmgnt or
visiblg to the installer shall be so’identified.

In Capada, CSA C22.20Ng: 0.4 shall be consulted for alternate markings.

18.1.10 The coloreoding requirement does not apply to low-voltage Class 2 circuits when the low- vojtage
leads|are:

a){ Located remote from the line-voltage connections and the segregation complies with the
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.
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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
inten
with

18.1
grou
and

pres
76.2

ded for the application in accordance with Annex A, Ref. No. 1, and shall be constructed in accofq
he requirements specified in 14.1.2.1 — 14.1.2.14.

15 A wire-binding screw employed for the connection of a field-installed equig
nding/bonding conductor shall have a green colored head that is either hexagonal, slotted, or
nave a head diameter of not less than that specified for pan head screws in @nnex A, Ref. No.
bure wire connector intended for connection of such a conductor shall be imarked as descrih
10.

19

19.1
cond

Bonding of Internal Parts

On a unit having provisions for bonding/grounding — see 18.1.1 — all exposed non-current-ca
uctive parts that are capable of becoming energized through electrical fault that involves a 1

electric shock or electrical energy — high current levels, shall be conductively connected to the equig

bond

19.2
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19.3

ing/grounding means.

Except as noted in 19.3, in a unit having provisions for bonding/grounding, all uninsulated
of the enclosure, motor frames and mounting brackets, component mounting brackets, capag
pther electrical components that involve a-risk of electric shock or electrical energy — high ¢
5, shall be bonded when they are capable of being contacted by the user or inadvertently cont|
e qualified electrical maintenance personnel.

A non-current carrying metalpart as described in (a) — (g) is hot required to be bonded:

a) An adhesive-attached metal foil marking label, a screw, a handle, or similar device, t
located on the outsitle’ of an enclosure or cabinet and isolated from electrical components or
by bonded/grountied 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 assembly s
or similar\device, such that a physical separation is maintained from wiring and uninsulate
parts.

C)YA'panel or cover that does not enclose uninsulated live parts when wiring is physically sepa

14 The equipment-grounding/bonding terminal shall be capable of securing a conductor of 4 size
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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:

a) The connector is capable of being displaced,

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

¢) The component is limited to use on a circuit having a branch-circuit protective device rated|20
amperes or less.

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

Table 19.1
Quick-connect Terminals for Bonding InternaltParts
Nominal size of terminal, mm (inches)
Width Length Thickness
47 (0.187) 6.4 (1/4) 0.5 (0.020)
4.7 (0.0187) 6.4 (1/4) 0.8 (0.032)
5.2 (0.205) 6.4 (1/4) 0.8 (0.032)
6.4 (0.250) 8.0 (5/16) 0.8 (0.032)

19.5 | Metal-to-metal piano-type hinges are ari.example of a means for bonding a door for grounding.

19.6 | Where the continuity of the bonding/grounding system relies on the dimensional integrity|of a
nonmletallic material, the material shall be in accordance with the requirements for creep in Annex A} Ref.
No. 3l1. See also 19.10.

19.7 | A separate componént bonding conductor shall be of copper, a copper alloy, or an equivplent
electrical conductor. Ferrous metal parts in the grounding path shall be protected against corrosign by
painting, galvanizingplating, or equivalent means.

19.8 | A separatedbonding conductor or strap shall be protected from mechanical damage or be logated
withir] the outer-enclosure or frame, not be secured by a removable fastener used for any purpose pther
than ponding; unless the bonding conductor is not to be omitted after removal and replacement of the
fastelller, 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


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

NMX-J-817-ANCE-2022 ¢« CSA C22.2 No. 346:22 ¢ UL
DECEMBER 15, 2022 2202 47

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.

NOTH: In Canada, bonding conductors in compliance with CSA C22.2 No. 0.4 is considered to comply with this requiremerit.

19.13 When more than one size branch-circuit overcurrent device is involved, the size of the bopding
conductor is to be based on the rating of the overcurrent device intended to provide grouhd-fault protection
for the component bonded by the conductor. For example, when a motor is individually protected by a
brangh-circuit overcurrent device smaller than other overcurrent devices used withr the unit, a bohding
conductor for that motor is sized on the basis of the overcurrent device intended‘forground-fault protection
of the motor.

20 [Internal Wiring
20.1| Wires

20.11 The internal wiring of a unit shall be rated for the' particular application with respect tp the
temgerature and voltage, exposure to oil or grease, and:qther conditions of service to which the wifing is
subjected.

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

20.1]3 All wiring shall be Appliance Wiring Material (AWM) in accordance with Annex A, Ref. No. 3p and
shalllbe rated and surface marked ‘VW-1."

20.14 Except as noted in 20.1°5 and 20.1.6, helical wraps and other continuous forms of harngssing
shall|be classed V-2 or lesgflammable when tested in accordance with Annex A, Ref. No. 18.

20.15 A harness is-itgb required to be classed V-2 or less flammable when, after tested as an assgmbly,
the gssembly is classed V-2 or less flammable.

20.1/6 Lacing.tape, twine, individual cable clamps, and noncontinuous cable ties are not required|to be
clasged V+2.0r less flammable.

20.1 Z=\Wiring-that-extends-from-the-enclosure-to-a-hinged-doororotherpart-that-is-subiectto-movement
. g-+at t t o4 g t pPa—tHat HeCH+ e

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 Usg¢rs —
Accessibility and User Servicing, Section 8, unless it is located and secured within the enclosure-such that
the rigk of it 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 protectpd to
redude the risk of unintentional contact with any sharp edge, burr, fin, moving pardt, ler similar par{ that
damdgges the conductor insulation.

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

A hole in a sheet-metal wall through which insulated wiresypass and on which they bear shall be
igled with a smoothly rounded bushing or shall have smooth, rounded surfaces upon which the \vires
bear,|to avoid abrasion of insulation.

20.2.% A bushing used on other than smooth, rounded surfaces of a hole through which wires pass|shall
be of| material that has mechanical and heat-resistantiproperties — such as porcelain, phenolic, fiber at
least 1.2 mm (3/64 inch) thick, a material complying-with Annex A, Ref. No. 12 — see 34.2 — or smpoth,
rounded metal.

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

20.2.7 Auxiliary mechanical pratéction that is not electrically conductive shall be provided under a metal
clamp at which pressure is exented on a conductor having thermoplastic insulation less than 0.7 mm
(0.03p inch) thick and no_¢verall braid, and on any wire or wires that are subject to motion. Auxiliary
mechanical protection is\Gt required for conductors having cross-linked synthetic insulation.

21 Current-Carrying Parts
21.1 | General

21.1.1 CA current-carrying part shall be of silver, copper, a copper-base alloy, stainless steel, aluminum, or
the etutvatent—Ysingptatecd-steet-for-secondary=circuit-parts—and-for-someprimary=circuit-partsstch 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

Bus bars

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;

21.2
surfg

21.2
a flat

See

&) Othar coatinas tcad for aluminum-hus hare ara allovwwad wwhan invactinatad faor tha annlico
&} tHEe-G0atgSHS e a0 r—hrurthHorBusSParoarEeanowe o wHeH e Stgate a—1or—He—apprca

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 not yequi
be plated when the compound is in accordance with 21.3.2.

2 The bending of a bus bar shall not result in visible cracks with the exception-of roughening or
ce crazing.

3 Each riveted joint connection shall have a spring washer at one end and either a spring was

washer at the other end except that:

ion in

ed to

slight

her or

a) A connection rated 225 amperes or less employing copper bus bars only is not required to

comply; and

b) Other constructions employing a rivet may be used ' when they are investigated in accorg
with the applicable requirements in Bus Bar TestsySection 66.

P1.2.5and 21.2.6.

21.2

See

4 Each joint connection shall employ a spting 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 when eag
in the joint is copper or when each aluminum bus in the joint has a tensile yield strength of af
20,000 psi (138 MPa);

b) A flat washer, a split-ring lock washer, or a bolthead that complies with 21.2.5 may be ug
place of a spring washer when the joint does not include any aluminum or when aluminum bol
used with aluminuary bus bars; and

c¢) Other constpuctions may be used when they are investigated in accordance with the appli
requirements in Section 66.

P1.2.6:

21.2|

ance

h bus
least

ed in
s are

cable

he f | . i hall 1 hicl f >

hat 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.

by-Thebusarcontaimedimaunit-has-forcedair-ventitaton-that doesnot resuitmrmaximunrhus
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 pex. square inch (6.45 cmf)
Bus bar material® Current Bus bar cross section Contact ajroeiitast clamped
Copger 0 - 600 amperes 1000° 200
Copyer Over 600 10008 2002b
Alunfinum® Any 750° 2002P
2Seq21.1.1,21.2.10-21.2.12.
b Joirlts bolted and plated with silver, tin, or nickel.
¢ Minjmum conductivity of 55 % of International Annealed-Copper Standard.
4 Mulkiple bus bars in parallel shall be of the same material.
€ Seq also Table 21.2 for 800 ampere maximum single bus bars,
Table 21.2
Rating and Sizes of Single Bus Bars — 800 Amperes Maximum
i b
culrent Copper bus Aluminum bus
rating in Bus size*? Cross section Bus size? Cross section
amperes mm (Inches) mm?2 (Inch?) mm (Inches) mm? (Ingh?)
425 32by 22207 (0.125by0.875) | 703 (0.109) | 6.4by22.2 (06285705;” 1413 (0319
(0.250 by
400 6.4y 38.1 (0.250 by 1.500) 242.0 (0.375) 6.4 by 50.8 2.000) 322.6 (0.500)
doo 6.4by50.8  (0.250by2.000) | 3226  (0.500) Seg Ii‘ﬂ Se;‘ E‘ﬂ 5181 (0.400)
406 6.4by762  (0.250by3.000) | 4839  (0.750) | Seelable  SeeTable | go0 (1467)
21.1 21.1
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

Theg
temp
Tem

21.2

21.3

21.3
equi
folloy

21.3
temp
adve
temq
sped|
temp

e limitations do not apply to a bus bar having characteristics that do not result in maximum’bu
eratures exceeding the values specified in Table 49.1 under the test conditiops indicat
berature Test, Section 49.

12 The limitations on current density mentioned in Table 21.1 and Table 21.2 do not apply to a:

a) Connecting strap, bus, or similar device comprising a part of a circuit breaker, switd
fuseholder employed in the unit.

b) Portion of a strap, bus, jumper, or similar part adjacent and/connected to a terminal of a s

s bar
bd in

h, or

vitch,

circuit breaker, or fuseholder, and not more than 25.4 mm (1 inch) from the terminal, wien a

reduced cross section in that portion is required because ofthe recessing of the terminal or be
of barriers adjacent to it.

Live heat sinks

1 A current-carrying, aluminum heat sink shall be plated, conductive anodized, irradiated ¢
alent at surfaces contacting the solid-state component. This requirement does not apply {
Ving:

a) A live heat sink that is not usedto-conduct current;

fause

r the
p the

b) A heat sink provided with'an oxide inhibiting compound over the heat sink surfaces contacting

the solid-state componerit when the compound is in accordance with 21.3.2; and

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

2 An oxide inhillitihg compound as referenced in 21.3.1(b) shall be stable at both elevated ar
eratures and/the’thermal conductivity of the heat sink/solid state component junction shall n
rsely affected” by temperature cycling. The elevated temperature is based on the max
erature of.the live heat sink during the temperature test, or the maximum ambient temperatu

d low
ot be
mum
re as

fied, hy-the manufacturer, whichever is higher. The lower temperature is equal to the lowest anjbient

erature 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

insta

22.2

22.3

lled in the unit.
A splice or connection shall be mechanically secure and shall make electrical contact.

A soldered 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 an

22.5
with
crimp
tests

22.6
lug o
nut lo

22.7

spaci
prohi

23 9§
23.1
23.1.
Speci

Secti

23.1.]

other equivalent means.

A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide quick-connect terminal shall cdmply
Annex A, Ref. No. 32. Other sizes of quick-connect terminals shall be investigated with" respgct to
pull-out, engagement-disengagement forces of the connector and tab, and temperature risef; all
shall be conducted in accordance with Annex A, Ref. No. 33.

An open-end spade lug is not to be used unless an additional means, such as upturned ends on the
bosses or shoulders on the terminal, is provided to hold the lug in place.when the binding screw or
osens.

A splice shall be provided with insulation equivalent to that of the wires involved unless permanent
ngs are maintained between the splice and other metal parts. Insulation over the splice i$ not
pited from having:

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

b) Insulating tubing or sleeving used to covenasplice shall be used in accordance with 23.2.4; or

¢) Two layers of thermoplastic tape, or two layers of friction tape, or one layer of friction tapg and
one layer of rubber tape, where the voltage involved is less than 250 volts. Thermoplastic|tape
wrapped over a sharp edge shailnot be used. A splicing device, insulating tubing, sleeving, or{tape
is not required to be used on.splices within coil windings. See 27.2.1 — 27.2.3.

bpacings
General

| Except asmoted in 23.1.2, the spacings for a unit shall not be less than the applicable VIIues
fied in Table~23.1 or as provided in Alternate Spacings — Clearances and Creepage Distafces,
bn 24.

P _~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.

23.13 With reference to 23.1.2 b) concerning conformal coatings, minimum spacings between adj
foils pre based on voltage transient and dielectric voltage-withstand tests‘in accordance with Annex A
No. 12. A conformal coating on printed wiring boards is not to beused as insulation in lieu of spg
between a foil on a printed wiring board and uninsulated live métal“parts of opposite polarity or to

currgnt carrying metal parts.

e) The spacing requirements in Table 23.1 do not apply to inherent spacings of a componént
as a switch, lampholder, power switching semiconductor, or a motor. See 23.1.6.

f) Spacings within a transformer shall be provided in accordance with Table 27.2 atjocation
are not insulated, including those with film-coated magnet wire.

g) Spacing requirements do not apply between adjacent terminals ~0f,a power swit
semiconductor device including the connection points of the terminals of the device.

such

5 that

ching

acent
, Ref.
cings
non-

23.1/4 Where an uninsulated live part is not rigidiy seetited in position by means other than fiiction

betwgen surfaces or where a movable non-current carrying metal part is in proximity to an uninsulate
part,|the construction shall be such that, for any position resulting from turning or other movement

partd in question, at least the minimum required spacings shall be maintained.

23.155 With reference to 23.1.4, a lock washer applied as intended is a method of rigidly securing a p

Table 23.1
Spacings

d live
Df the

Minimum spacings, mm (inch)

Between any uninsulated live part and an
uninsulated live part of opposite polarity,
uninsulated grounded part other than the

Between ar
uninsulated liv
and the walls
metal enclos]

y

P part
ofa
ure

1500

enclosure, or exposed metal part infcclylrj(iicr:r?di:ti (t)irng
armored caffle?
Petential involved, volts rms (Peak) Through air Over surface Shortest distgnce
=56 =707 +6 (H6)< 46 CHEY 16 {416)°
Greater than 50 to 150 (70.7t0 212.1) 3.2 (1/8)pe 6.4 (1/4)° 6.4 (1/4)
Greater than 150 to 300 (212.1t0424.2) 6.4 (1/4) 9.5 (3/8) 12.7 1/2)
Greater than 300 to 600 (424.210 848.4) 9.5 (3/8) 12.7 12) 12.7 1/2)
Greater than 600 to 1000 (848.4 to 1414) 19.1 (3/4) 19.1 (3/4) 19.1 (3/4)
Greater than 1000 to (1414 t0 2121) 1 (25.4) 1-1/5 (30.5) 1-1/5 (30.5)

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

armored cabl

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

ea

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

ce

2 For|
enclg
5 Thg
non-
CAtQ
(3/64
4 Bet]

earth
parts

the purpose of this requirement, a metal piece attached to the enclosure is a part of the enclosure when deformation lof t
sure reduces spacings between the metal piece and uninsulated live parts.

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

osed-in points only, such as a screw and washer construction of an insulated stud mounted in metalya spacing of 1.2 mn
inch) meets the intent of the requirement.

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

23.1.
for th
Spac
applig

23.1.
parts

e component in question where the spacings are less tharthé values specified in this stan
ngs from such components to another component and\to the enclosure shall comply with
able spacings specified in this standard.

| With respect to judging spacings, an uninsulated ive part is at opposite polarity to uninsulate

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

23.1.
The ¢
14.1.

) Spacings at field-wiring terminals are to be measured with conductors installed in the term
auge of these conductors is to be based on the rating of the circuit containing the terminals.
.4,

23.1.
curre
circui
Secti

23.1.
curre
energ
or 60

|0 Spacings between-uninsulated live parts of different potential and between such parts and
Nt carrying metal that are capable of being grounded in service are not specified for parts of |
s in accordance with"2.24 nor in accessible signal circuits described in Accessible Signal Cir
bNn 26.

|1 Spacings between uninsulated live parts of different potential and between such parts and
Nt carrying ‘metal that are capable of being grounded in service are not specified for parts of lim
y circuits in accordance with 2.22. Spacings in these circuits exceeding 30 volts rms (42.4 volts |

b Inherent spacings of the components mentioned in 23.1.2 e).shall comply with the requirements

Hard.
the

l live

in another circuit. Spacings are to be based on the*highest of the circuit voltages. See 50.2.1 — 50.2.3.

nals.
See

non-
[VLE
Cuits,

non-
ited-
eak)
ction

Volts, dc are judged by the applicable test described in Dielectric Voltage-Withstand Test, Se

50. A

SOsSee ol 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

carryi

ng 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
potential of 100 volts or less; and

b) Battery circuits at a potential of 100 volts or less. See 23.1.13.

at a
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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 glielectric 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 theapplicable potential speciLed in
the Dielectric Voltage-Withstand Test, Section 50, except when the normal operating potential
between the parts under evaluation does not exceed 600 \.rms; and

e) The epoxy temperature during the Temperature Test does not exceed 65 °C (117 °F) rise (bhased
on an assumed operating ambient rating of 25 °C (7Z °F) or 90 °C (194 °F) limit (when tested|at an
ambient rating of greater than 25 °C). When the époxy has been investigated and determirjed to
have a higher operating temperature rating, thetemperatures may be exceeded when temperatures
do not exceed the material temperature rating:

23.2| Insulation barriers

23.2J1 Except as noted in 23.2.2 and23.2.3, an insulating liner or barrier of material such as vulcanized
fiber|may be employed in lieu of required spacings mentioned in 23.1.2 a) but not as the sole supgort of
uningulated live parts involving a-fisk of fire, electric shock, or electrical-energy/high current when itjis not
less than 0.71 mm (0.028 inch) thick and it is so located that it is not adversely affected by arcing. Dther
insulating materials used as-a Darrier or as either direct or indirect support of uninsulated live parts invplving
a risk of fire, electric shogk,-er electrical-energy/high current shall comply with the requirements in Annex
A, Ré¢f. No.12.

23.22 Vulcanized, fiber not less than 0.33 mm (0.013 inch) thick is used only when:
a) Inseonjunction with an air spacing of not less than 50 % of the minimum through air spacing; and

b)“Between a heat sink and a metal mounting surface, including the enclosure, of an isglated

Sacondarncecireritratad 50 volte rme ar lacc
SEEOHEAHy-eHetHtTate a2 oot HSO1EeSS

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
perm|tted 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 lised
in conjunction with no less than one-half the required through air spacing.

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

c) Its temperature rating is no less than the maximum temperature” observed during| 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 —sge 21.2.8.
24 Alternate Spacings — Clearances and Creepage Distances

24.1 | As an alternative to the spacing requirements\of Section 23, as applicable, the spacing requirements
in Anpex A, Ref. No. 36 is used. The spacing requirements of Annex A, Ref. No. 36 shall not be usgd for
field yiring terminals and spacings to a non-current carrying metal enclosure. In determining the pollution
degrde and overvoltage category, the end=use application is to be taken into account and is capaljle 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
intendled for use in wet and damp locations, the level of pollution shall be pollution degree 3. Hermetjcally
sealed or encapsulated enclosures, or coated printing wiring boards in compliance with the Printed Wiring
Board Coating Performance Test of Annex A, Ref. No. 36, are pollution degree 1.

U7

24.3 | The equipmentShall be rated overvoltage category lll, I, and | as defined in Annex A, Ref. No. 3

24.4 | In ordento apply Clearance B (controlled overvoltage) clearances, control of overvoltage shall be
achieveddy’providing an overvoltage device or system as an integral part of the product.

24.5 ~All printed wiring boards are considered t0 have a minimum comparatve tracking index oi 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
25.8jand 25.9.

25.5| With reference to the current specified in 25.4, the maximum current is to be measured. undgr any
condition of loading including short circuit using a resistor that is to be continuously readjusted durirg the
1-minute period to maintain maximum load current, and not exceeding the value indicated'in 25.4.

25.6| With reference to the voltage limit specified in 25.4, measurement is td. beé made with the¢ unit
connected to the voltage specified in 45.1 and with all loading circuits disconnected. Where a tapped
trangformer winding is used to supply a full-wave rectifier, voltage measuremerit is to be made from gither
end of the winding to the tap.

25.7] When the control circuit mentioned in 25.4 is not limited as-to available short-circuit current jy the
construction of a transformer and the circuit includes either one.or‘more resistors, a fuse, a honadjustable
mangal-reset protective device, or a regulating network — see\25.11- the circuits in which the current is
limited in accordance with 25.8, 25.9, or 25.10 are not requifed to be investigated.

25.8] A fuse or circuit-protective device provided.ies the control circuit used to limit the currgnt in
accordance 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, fins) Maximum overcurrent protection (Amperes)
20 or less 5
More than 20 but not'greater than 60 100/v?
2V is the maximum output valtage, regardless of load, with the primary energized.

25.9| A fuse or_ciredit protective device may be connected in the primary of a transformer to linfit the
currgnt in accerdance with 25.7 when the protection is equivalent to that specified in 25.8 as determined
by conducting:the Overcurrent Protection Calibration Test, Section 58.

©ne or more resistors or a regulating network used to limit the current in accordance with 25.7
iti ' i frea alues

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
involy
the fd

26.3
requi

26.4
prote
26.1.

A signal circuit that extends out of a unit shall be isolated from internal circuits having a voltagg
es a risk of electric shock — as determined in accordance with Electric Shock, Section 9 =Dby a

llowing or the equivalent:

a) An optical isolator having an isolation voltage rating of not less than the Dielectric Vol
Withstand test potential required in 50.3.1 and complying with the requirements in Annex A,

No. 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.

¢) An electro-mechanical relay complying with Annex A, Ref. No. 26, or

d) A voltage regulating network where

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

that
hy of

age-
Ref.

2) The network does not show a risk of electric shock to appear at the external signal cifcuits
—as determined in accordance with Electrical Shock, Section 9, as a result of a failure 1
and effect analysis in accordance with the method described in Annex A, Ref. No. 37.

The maximum voltage and cusrent available from an accessible signal circuit shall comply wit

ements in 26.1 and 26.2.

The maximum poweér Javailable from an accessible signal circuit that employs an overcy
Ction device to limitth@ current as described in the 25.4 shall not exceed the values specified in ]

Table 26.1

Maximum Power of Accessible Signal Circuits

hode

N the

rrent
[able

Circuit voltage volts, rms

Maximum power, volt-amperes

15 or less
More than 15 but not greater than 60

350
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
corelor between separate adjacent secondary windings, where such connection results in a risk of fire or
electric shock.

27.1}4 With reference to the requirement in 27.1.3, a transformer complying with the requdirements in any
of the following standards complies with this requirement:

a) Annex A, Ref. Nos. 5 and 6;
b) Annex A, Ref. No. 40; or

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

27.2{1 Atransformer winding including the start, all taps, finishy;and crossover leads up to the point Where
insulpted leads are provided shall be constructed, when uséd, as specified in Table 27.1.

Table’27.1
Transformer Insulation

Insulation required Type of insulation

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

2. Insulation between the primapy and any secondary winding a,b,c,ord

3. Insulation between any winding or lead connections and non-current b,c,d, e forg
carrying metal parts

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

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

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

(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


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

NMX-J-817-ANCE-2022 ¢ CSA C22.2 No. 346:22 ¢« UL

60 2202 DECEMBER 15, 2022
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:

T. The collwithstands the applicable dielectric withstand potential described In 50-3.1. The potential Is to be apphed
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 uninsulatedive part and an uninsulatedive
Potential involved, volts : ; a
part of oppgsite 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 impregnated.

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

27.2.]

Insulating material, such as outer-wrap and crossover-lead insulation, employed to reduce th¢ risk

b
of live parts from becoming accessible_through openings in the outer enclosure in accordance| with
Protefction of Users — Accessibility and User Servicing, Section 8, shall comply with note (a) or (c) of Table

27.1.

27.2.83 Except as noted in(27.2.4 - 27.2.6, a flanged bobbin-wound transformer shall be constructgd so

as to

maintain physical.S€paration between the primary and secondary windings. Physical separgtion

accoinplished by employing a 3-flange bobbin for winding the primary and secondary windings adjacgnt to

each

seco
(d) of

an in:ﬂividual winding, is to be used where the primary winding is wound over the secondary winding qr the

other is allowed./As an alternative, a telescoping bobbin construction, with each section contajning

or

dary winding over the primary winding. The bobbin insulation shall comply with note (a), (b), (c
Table 27.1.

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 A transformer complying with the requirements in either both Annex A, Ref. Nos. 5 and, 6, Annex
A, Ref. No. 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 Abnormal Test, Section |53, is
not required when the transformer is supplied from a LVLE circuit in accordance with' 2.24, or a limited-
energy circuit in accordance with 2.22, or complies with the requirements in 25.4,<25.12.

28 [Separation of Circuits
28.1| Factory wiring

28.1J1 Insulated conductors of different circuits- see 28.1.2 within a unit, including wires in a terminal box
or compartment, shall be either separated by barriers or“segregated and shall be so separatpd or
segreégated from uninsulated live parts connected to diffetent circuits. When each conductor is proyvided
with [nsulation intended for the highest of the circuit voltages, no barriers or segregation are required.

28.1)2 For the purpose of the requirement in 28.1.1, different circuits include:

a) Circuits connected to the primary arnd secondary windings of an isolation transformer,

b) Circuits connected to differentlisolated secondary windings of a multi-secondary transformer
c¢) Circuits connected to secondary windings of different transformers,

d) Input and output circtiits of an optical isolator,

e) AC input powerand output AC power circulits,

f) AC inputgower and DC power circuits, and

g) AC.eutput power and DC power circuits.

Power circuits specified in (e), (f), and (g) that are derived from the taps of an autotransformer or sinllilar
devige =/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 Except as noted in 28.3.2, the equipment shall be constructed so that a field-installed-conductor
of a gircuit 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 thefconductors of |both
circuits are insulated for the maximum voltage of either circuit.

b) An uninsulated live part of another circuit and from an uninsulatedMive part where short drcuit
with it results in a risk of fire, electric shock, electrical energy involving-high current levels, or injury
to persons.

c¢) Field-installed conductors connected to any other circuit uiless both circuits are Class 2 or €Class
3 or both circuits are other than Class 2 or Class 3 and heih 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 a different
circuit when the field wiring is insulated fer the maximum voltage of either circuit and both cifjcuits
are Class 2 or Class 3 or both circuits are other than Class 2 or Class 3; and

b) For circuits operating at 150 \/oress to ground, field installed conductors are not required to be
separated from field installed conductors of another circuit provided the unit is marked- see 76{2.18
— indicating one of the following:

1) The Class 2\.or Class 3 circuit conductors are to be installed using Class 1 wjring
methods or,

2) The.Class 2 or Class 3 circuit conductors are to be installed using Type CL3, CL3R|or
CL3P)cable.

28.3.83 Separation of a field-installed conductor from another field-installed conductor and fromh an
uninsulated-live part connected to another circuit is accomplished by locating an opening in the enclgsure
for the-Conductor opposite to the conductor terminal so that, when the installation is complete| the
conductars and parts of different circuits are separated by a minimum of 6 4 mm (1/4 inch) In determiining
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 defingd as
"branch circuits" as defined in Annex A, Ref. No. 1.

29.2)2 Supplementary protection devices shall be in accordance with Annex A,“-Ref. Nog. 41.
Supplementary protection devices that are user replaceable shall be accessible from qutside the enclgsure,
or sHall be located behind a hinged cover.

29.23 Except as indicated in 29.2.4, a supplementary protection device shall‘not be connected |n the
groupded (neutral) side of the line.

29.2}4 Additional protection in the grounded side of the supply citeuit is allowed when the protéction
simujtaneously disconnects all grounded and ungrounded conduetore of the supply circuit.

29.2)5 Where the device has provision for connection of a gkotinded neutral conductor, individual sjngle-
pole [circuit breakers may be used as the protection for_e&ch ungrounded conductor of a 3-wire sjngle-
phase circuit or for each ungrounded conductor of a 4-wire, 3-phase circuit, when no conductor involves a
potefptial to ground in excess of 150 volts.

29.3| Thermal links

29.3J1 Non-resettable thermal links /neorporated as overcurrent protection shall comply with the
applicable requirements in Annex A, Ref’No 39.

29.4| Fuses

29.4[1 Fuses used for gyercurrent protection shall be plug fuses or cartridge fuses. Plug fuses shpll be
Edispn base or Type $:itises and shall comply with 29.4.2. Cartridge fuses shall be Class CC, G, H| J, K,
RK1] RKS5, or T, andskiall comply with 29.4.3.

29.4)2 Plug fuses shall comply with Annex A, Ref. No. 42 and Annex A, Ref. No. 43. The fuseholder shall
comply withsAnnex A, Ref. No. 44.

29.43“ Cartridge fuses shall comply with Annex A, Ref. No 42, and additionally, the applicablg 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 Fuses 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 overcyrrent
protegtion consisting of an interchangeable fuse that is accessible to the user~whether the user is
instructed to change the fuse or not.

29.5 | Circuit breakers
29.5.1 Circuit breakers incorporated as overcurrent protection shall comply with Annex A, Ref. No. 46
30 Capacitors

30.1 | The materials and construction of a capacitor, its casé€] or both shall be such that emission of flame
from the enclosure of the unit during malfunction of the capacitor does not occur. See 30.3.

30.2 | The materials and construction of a capaciter or its case within a unit shall be such that presgures
capable of causing injury to persons do not develop in the capacitor in the event of malfunction gf the
capagitor or the circuit in which it is connected- See 30.3.

30.3 | Compliance with the requirements-described in 30.1 and 30.2 shall be determined by the Electrplytic
capagitor fault test, 52.8.

30.4 | Under both normal and‘abnormal conditions of use, including internal shorting of the capacifor, a
capagitor containing oil thal.is more combustible than askarel shall not result in a risk of fire or elgctric
shock and shall be constructed to reduce the risk of expelling dielectric medium from the enclosure af the
unit. $ee 30.5 and 30:6:

30.5 | With reference to the requirement in 30.4, a capacitor complying with the requirements for protg¢cted
oil-filled capagitors in Annex A, Ref. No 47, is to be constructed to reduce the risk of expelling the diel¢ctric
mediyim.

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

30.8

30.9
and

31

311

relialple. The resistor shall be prevented from leesening or rotating by a means other than friction bet

surfg
31.2
32

32.1
shell

servi

32.2
than

Vis in volts.

The requirement of 30.7 does not apply when:

76.3.9;
b) The unit is marked in accordance with 76.3.10; and

¢) The capacitor terminals and all parts connected to these termipals’are insulated to redug

cautionary marking per 76.3.14 is provided.

Capacitors or filters connected across an input ac circuitsshall comply with Annex A, Ref. Ng
19.

Resistors

The assembly of a power resistor, such as awire-wound type requiring a separate support, sh

ces.
An assembly employing lock washers complies with the requirement in 31.1.
| ampholders

A lampholder shait:be’ constructed or installed so that uninsulated live parts, other than a ¢
are capable of ugintentionally contacting by persons removing or replacing the lamp during inte
Ce.

A medidm-:base screw-shell lampholder shall not be used in a circuit involving a potential of
150 vdlts:

a) A tool is required to remove a panel to reach the capacitor and the unit is marked as specified in

e the

risk of contact of these terminals and parts by qualified electrical ' maintenance personnel and a

S. 48

all be
ween

bCrew
nded

more

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 mojgture-
resistant and not be adversely affected by the temperature and stresses to which it is subjected Under
condifions of use.

34.2 | Insulating 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 for the|sole
support of live parts. When an investigation is required to determine whether a material is capable of being
used, such investigation is to be conducted in accordance with Annex A, Ref. No/12. Consideration|is to
be giyen to the material's mechanical strength, resistance to hot wire ignition, resistance to high-cufrent-
arc ignition, resistance to high-voltage-arc ignition, dielectric strength, ifisulation resistance, and heat-
resistant qualities, in both the aged and unaged conditions; the degreé,to-which the material is enclgsed,;
and gny other feature affecting the risk of fire, electric shock, electricalienergy-high current levels, or injury
to persons. All factors are to be taken into account with respect toeonditions of actual service.

34.3 | Ordinary vulcanized fibers used for insulating bushings, washers, separators, and barriers, shall not
be th¢ sole support for uninsulated live parts.

34.4 | A sensor such as a current transformer, fraAsducer, or similar device, shall be provided|with
insulgtion that has been evaluated for the maximum voltage and temperature involved in its application,
while|taking into account the presence of other Gircuits.

35 Adhesives

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

35.2 | The requirement ir-35.1 also applies to an adhesive used to secure a conductive part, includjng a
namgplate, that when-la0sened or dislodged:

a) Energizes.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.

36.4| Live parts involving a risk of electric shock or electrical energy — high current levels — located’gn the
back] side of a door shall be either guarded or insulated to reduce the risk of unintentional contact of the
live garts by service personnel.

36.5| A component that requires examination, resetting adjustment, servicing, ,or| maintenance |while
energjized shall be so located and mounted with respect to other components and With' respect to groynded
metdl parts that it is accessible for electrical service functions without subjecting the service person to the
risk ¢f electric shock, electrical energy- high current, or injury to persons by adjacent moving parts. Agcess
to a gomponent shall not be impeded by other components or by wiring.

36.6| For an adjustment that is to be made with a screwdriver or simiilar tool when the unit is energiged,

36.5[requires that protection be provided so that the risk of inadvertent contact with adjacent uninsylated
live parts involving a risk of electric shock is reduced, taking intexaccount that misalignment of the togl with
the gdjustment means is capable of resulting where an adjustment is attempted. This protection is [to be
provided by locating the adjustment means away from uninsulated live parts or by a guard that reduces
the r{sk of the tool contacting uninsulated live parts.

36.7| Alive heat sink for a solid-state component;-a live relay frame, or similar device and involving fa risk
of electrical shock or electrical energy — high current ievels, which are capable of being mistaken fof non-
currgnt carrying metal, shall be guarded to reduce the risk of unintentional contact by the servicepergon or
be marked in accordance with 76.3.4.

36.8| Moving parts that are capable’ of causing injury to persons and that are required to be in motion
during service operations not involving the moving parts shall be located or protected so that the rjsk of
uninfentional contact with the moving parts is reduced.

36.9| For products thdi-can be serviced in the field, sufficient instruction, on or inside the equipment| shall
be provided to verify that no hazardous voltage is present and exposed in the equipment comparfment
being accessed.

36.10 Thereshall be marking for each portion of a circuit with hazardous DC voltage on where to mepsure
the gresénce of voltage. The marking shall be in accordance with 76.3.9.

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

37.3 | The following test parameters are to be used in the investigation of the-Control covered by 37.1 for
compliance with Annex A, Ref. No. 37:

a) Electrical supervision of critical components;
b) Audibility as a trouble indicator for an electrical supervision circuit;

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

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

37.4 | The following test parameters are to berused in the investigation of the circuit employing software
coveled by 37.1 for compliance with Ahpex*A, Ref. No. 51:

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

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

1) Theredsyno loss of protective function as specified by the manufacturer, or

2) The'kV charging system equipment is de-energized such that there is no longer a risk.

PROTECTION‘OF USERS AGAINST INJURY

38 (seneral

38.1 Where the operation and maintenance of a unit by the user involves a risk of injury to persons,
means shall 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 comppnent
shalllbe investigated for reliability.

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

39 [Sharp Edges

39.1| Anenclosure, aframe, a guard, a handle, or similar device shall nothave sharp edges that constitute
a risk of injury to persons in normal maintenance and use. This requirement does not apply to a part or
portipn of a part that is required to be sharp in order to perform a werking function.

40 Enclosures and Guards

40.1| Except as noted in 40.2, a pulley, a fan blade, a belt, a gear, or other moving part that is capaple of
causjng injury to persons shall be enclosed or provided:with other means to reduce the risk of unintentional
contact therewith.

40.2| A part or portion of a part that is required to be exposed in order to perform the working funcfion is
not required to be enclosed and where reguired guarding shall be provided. See 40.5.

40.3| The degree of protection required by 40.1 depends upon the general construction and intended use
of a ynit.

40.41 A moving part that irivolves a risk of injury to persons shall comply with the requirements spécified
in Prptection of Users — AcCessibility and User Servicing, Section 8, and shall be evaluated with respdct to:

a) The degree of exposure required to perform its intended function;
b) Thesharpness of the moving part;

c¢) The risk of unintentional contact with the moving part;

N The cheaadofthemovinapnart-—and
t—He-Speea-orHe-oVRgpPatrt e

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 $trength of Materials
41.1 | The material of a part, such as an enclosure, a frame, a guard, or similar part, the breakage of Which
results in a risk of injury to persons, shall have such properties as to meet the demand_ of-eéxpected use
condifions.
41.2 | The requirement in 41.1 applies to those portions of a part adjacent to moyviag parts that invojve a
risk of injury to persons.
41.3 | A part as mentioned in 41.1 and 41.2 shall withstand the ImpacCt test described in Section 68,
withopt being affected to the extent that:
a) The performance of the unit is adversely affected so asito result in a risk of injury; or
b) Parts capable of causing injury to persons are exposed to unintentional contact.
A component such as a pilot lamp, lens, or control knob.is not required to be subjected to the impact teqt.
41.4 | Portable or hand held units, or parts of units that are hand held other than the vehicle connectof, are
to be[subjected to the Drop Test, Section 69,
42  S$tability
42.1 | Under all conditions of seivicing and intended use after installation, a fully assembled portablg unit
shall pot become physically unstable to the degree that an injury to operators or service personnel regults.
A portable unit intended to ke fastened in place complies with this requirement. See Stability Tests, Section
70.
43 Mounting Means
43.1 | A mounting means for a fixed in place unit shall withstand the Static Load Test, Section 71 without
permpanentideformation, breakage, or cracking of the mounting supports.
44  StrengthrofHandtes

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
121-219
220 — 240
241 - 253
254277
278 - 439
440 - 480
481 -525
526 — 600

601 — 1500

120
Rated voltage?
240
Rated voltage?
277
Rated voltage?
430
Ratedwoltage®
600
Rated voltage?

aAd

nit marked with an operating voltage range shall comply with the requirements,in Sections 46 — 73 while connected to a
soulce of voltage adjusted to any value within the specified range.

45.2
dual
cond
Tem
lowe

46

46.1
shall

46.2

5t frequency.

| eakage Current Test

a) 0.5 MIU for a two4wire cord- and plug-connected unit,

and

placezappliance.

A unit marked with one frequency rating is to be tested at that frequency. For a unit marked
frequency rating such as 50/60 hertz or a frequeney range such as 50 — 60 hertz, tests are
ucted at any frequency covered by the marking except that Power Verification (Section
berature (Section 49), and Transformer Burngut Tests (52.2.1 — 52.2.4) are to be conducted

Except as indicated in 46.2.and 46.3, a cord-connected unit rated for a nominal 250-volt o
be tested in accordance with)46.4 — 46.10. Leakage current shall not be more than:

vith a
to be

48),
it the

r less

b) 0.5 MIU for_a-three-wire (including grounding conductor) cord- and plug-connected portablg unit,

¢) 0.75MIU for a three-wire (including grounding conductor) cord- and plug-connected fastened in

Conductive parts of a unit that complies with the following conditions and that have a leakage cfirrent

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

simu

[taneously 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;



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

72

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

2022

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.

46.4
with 4

All accessible conductive surfaces are to be tested for leakage currents to determine compli
6.1. Where surfaces are simultaneously accessible, they are to be tested:

Surfa
persd
simul
surfa
string
contag

46.5
curre

a) Individually,
b) Collectively (connected together) with the combined current measured to ground, and

c¢) Point-to-point on the device for leakage current between the simultaneousty accessible surfag

ces are simultaneously accessible when they are capable of being tetiched by one or both hand
n at the same time. Accessible parts within a 100 by 200 mym (4 by 8 inches) rectanglq
faneously accessible to one hand. The rectangle shall be flexed or bent to closely conform t
Ce of the device. Accessible parts that are capable of being tolched at the same time by the end
1.8 m (6 ft) in length are simultaneously accessible to.both hands. The grounding pin, blad
ct of an attachment plug is an accessible part.

When a conductive part other than metal is usedfor an enclosure or part of an enclosure, leaj
Nt is to be measured using a metal foil with an:area of 100 by 200 mm (4 by 8 inches) in contac

Ance

es.

5 of a
are
D the
5 of a
e, or

kage
with

the suirface. Where the conductive surface has an area less than 100 by 200 mm (4 by 8 inches) the netal

foil is
to rerf

46.6
Figur

to be the same size as the surface. The metal foil is to conform to the shape of the surface and
nain in place long enough to affect thettemperature of the unit.

S not

Typical measurement circuitsifor-leakage current with the ground connection open are illustrated in

p 46.1 and Figure 46.2. The.measurement instrument is defined in Figure 46.3. The meter tH

used
does
rangd

for a measurement need-only indicate the same numerical value for a particular measureme
the defined instrumentiitneed not have all the attributes of the defined instrument. Over the frequ
20 Hz to 1 MHz withi-sinusoidal currents, the performance of the instrument is to be as follows:

a) The measured ratio Vi/l1 with sinusoidal voltages is to be as close as feasible to the ratio
calculated with the resistance and capacitance values of the measurement instrument shoy

Figure 46.3.

b), The measured ratio Vs/l1 with sinusoidal voltages is to be as close as feasible to the ratio

calculated with the resistance and capacitance values of the measurement instrument shoy

at is
Nt as
ency

Vi/l1
VN in

Vall
VN in

guotient by 1,000. The mathematic equivalent is to multiply the RMS voltage reading by 2.

heter

M in RMS volts is converted to MIU by dividing the reading by 500 ohms and then multiplying the
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Figure 46.1

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

MEASUREMENT
APPLIANCE INSTRUMENT

L }(’/*::@13—):

Le

" Sepd
*Prob
NOTH
1) Al

2) Wh
requirf

bd to reverse the leads of the measurement instrument.

o) e -
S A GND L3
0" O OPEN
A ~=t——==R IINSULATING TABLE#

E a4

LC105A  GROUNDED SUPPLY CONDUCTOR N

Figure 46.2
bkage Current Measurement Circuit Used for 120/208 Vac;208 Vac or 120/240 Vac and 240 Vac
Devices
MEASUREMENT
APPLIANCE INSTRUMENT
[} l_.S5
120V » l N
- 1 L D= —
1209 s, Mol b i GND
I OPEN
A B {INSULATING TABLE!

LC205A = GROUNDED SUPPLY CONDUCTOR *
rated and used as clip when measuring.currents from one part of the device to another.
e with shielded lead.
S
oltages shown in Figure 46-I-and Figure 46.2 are nominal.
en it is not feasible to iselate the device from ground, the supply circuit shall be isolated from ground. It is then also sométimes
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Figure 46.3

Measurement Instrument for Reaction (Leakage) Current

— 0.22

Note —|

46.7
unit t
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46.8
instru
bond
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voltag

46.9
recei
testin

10K Q
VAVAVAVAV |

0.022 L \

500 Ve uF

Body Impedance Model Frequency Sensitiye“Network

S3263A

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

Unless the measurement instrument is being used to measure leakage current from one parf of a
b another, it is to be connected betweén accessible parts and the identified conductor, if present, or
bnding conductor that has the least extraneous voltages introduced from other equipment opefated
b same supply.

When the identified cofductor is not required to be connected to the unit under test, then the
ment return lead is ngtyprohibited from being connected to either the identified conductor of the
ng/grounding conduttor of the supply depending on the other electrical loads connected to the branch

and operating at‘the time the test is conducted. Use the conductor introducing the least extrangous

e, as indicatedhy the lowest leakage current reading. In environments having significant extrangous
e introduced, an isolating transformer reduces the effects of extraneous voltages.

A sample of a unit is to be tested for leakage current starting with the as received condition — the as
ed’eondition being without prior energization, except that which occur as part of the production-line

0. 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 current is
to be measured using both positions of switch S2, and with the unit switching devices in all their
normal operating positions.

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

47.11 A cord-connected unit rated 250 volts or less shall comply with the requirements.forleakage cpirrent
in 46.1, following exposure to air having a relative humidity of 88 +2 % at a temperattre of 32 £2 °C (90
+4 °H).

47.2| To determine whether a unit complies with the requirement in 47.1, ‘a\sample of the unit is|to be
heatgd to a temperature just above 34 °C (93 °F) to reduce the risk of éondensation of moisture during
conditioning. The heated sample is to be placed in the humidity chamber and is to remain for 48 hours
unddr the conditions specified in 47.1. Immediately following the condifioning, the sample is to be renpoved
from|the humidity chamber and tested unenergized as describéd ih 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 legakage
currgnt stabilizes or decreases.

48 Power Verification Test

48.1| The input and output parameters of units.shall be verified by measuring the input current at|rated
inpuf voltage under conditions of maximum output current, and the maximum output current shall also be
verified during this operation. The measured;input current shall not be more than 110 % of its rated jvalue
and the maximum output current at its corfesponding output voltage shall not exceed the manufacturer’s
outpuit rating.

48.2| During this test, the unit-is.connected to a source of power at its rated voltage. If the rating indudes
multiple voltage, such as 120/240 Vac, then the test is done at all voltages. If the rating includes a 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 connegtedto a load that is suitable for the current and voltage anticipated.

48.3| During this_t€st, the unit shall be operated in accordance with the manufacturer’s instructiond. The
unit is connected'as indicated in 48.2 and caused to operate at its condition of maximum output curré¢nt as
specffied by:the manufacturer. The input current and output current are measured and recorded} The
recorded.values shall be in compliance with 48.1.

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.

Taple 49.1
Temperature Limits

Materials and Components °C (°F)

COMPONENTS
1. Cdpacitors:

a. Electrolytic types 65p (149)

b. Other than electrolytic 90° (194)
2. Figld wiring Terminals 75° (167)9
3. Vllcanized fiber employed as electric insulation 90 (194)
4. Plated bus bar 90¢ (194)
5. Urjplated bus bar and a joint 75¢ (167)

6. Rglays, solenoids, and similar devices

a. Class 105 coil insulation systems:

Thermocouple method 90? (194)4

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

Thermocouple method 1102 (230)3

Resistance method 120 (248)

7. Transformer insulation systems:

a. Class 105:

Thermocouple method 902 194)2

Resistance method 110 (203)
b. Class 130:

Thermocouple'method 1107 (230)9

Resistanceqmethod 120 (248)
c. Class 155:

Thetmocouple method 1352 (275)9

Resistance method 140 (284)
ld.-Class-180:

Thermocouple method 1502 (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. QMETTypes of INsUTared Wires 4} ]
12. A surface upon which a portable unit is mounted in service, and surfaces that are 90 (194
adjacent to the unit when so mounted
13. Any point on or within a terminal box or compartment of a fixed in place unit on which 60° (240
fieldfinstalled conductors rests
14. Thermoplastic sealing compound h h
15. $elenium rectifier 755 (167
16. Power semiconductor j j
17. Printed-wiring board k k
2 At p point on the surface of a coil where the temperature is affected by an external sourcegfheat, the temperature measuregl by
megns of a thermocouple is not prohibited from being 5 °C (9 °F) higher than that speCified when the temperature of the coillas
medsured by the resistance method is not more than that specified.
b A dapacitor that operates at a temperature of more than 65 °C (149 °F) for electrglytic and more than 90 °C (194 °F) for othglr
types is not prohibited from being judged on the basis of its marked temperatue limit.
¢ Thi temperature observed on the terminals and at points within a terminal box of a unit shall not attain a temperature higherfthan
the {emperature marking required in items p and o of 78.2.
4 Fof a bus bar having a current density in accordance with 21.2.9, itis nhot required to measure the temperature since it has
chalacteristics which result in temperatures not exceeding the indicated values.
¢ Thp temperature limitations on phenolic composition and on.rubber and thermoplastic insulation do not apply to a compoung that
has |heat-resistant properties in accordance with Annex A Ref. No 53.
A ghort length of rubber- or thermoplastic-insulated cord inside the unit is exposed to a temperature of more than 60 °C (14D °F)
wheh supplementary insulation on each individualconductor is rated for the measured temperature and has dielectric properfies in
accgrdance with Annex A, Ref. Nos. 31 and 53(
9 Thi temperature is not to exceed the temperature limit of the wire except as noted in note f.
P Thi sealing compound temperature lipitis*15 °C (27 °F) less than the softening point of the compound as determined in
accgrdance with Annex A, Ref. No 54.
I A t¢mperature limit of 85°C (185°F) meets the intent of the requirement when the stack assembly is insulated with phenolic
comjposition or other insulating-material rated for a temperature of 150 °C (302 °F).
I Forla power-switching semicenductor and similar components the temperature limit on the case is the maximum case
temperature specified bythe’semiconductor manufacturer.
Fof a printed wiring‘board, the temperature limit is the specified limit of the board.
49.5| Unless investigated and found to meet the intent of the requirement, see 10.4, a supporting nfjeans
formgd.of.rubber or neoprene material is to be removed prior to the test. Where the supporting means has
a mqtalinsert, 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

supp

ort.

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
L

in which:

T isthe temperature of the winding in °C;

R is the resistance of the coil at the end of the test in ohms;

r is the resistance of the coil at the beginning of the test in ohims;
t istheroom temperature in °C at the beginning of the test; and

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of the congtant
for other conductors are to be determined.

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

49.9 | All temperature limit values in Table 49.1 are basedeh an ambient temperature of 40 °C (104 °F) for
units jntended to be installed in wet and damp iocations:and 25 °C (77 °F) for all other units. However| with
correftion of temperature measurements, tests conddcted in other ambients as described in Table|49.2
are allowed.

Table 49.2
Temperature Measurement Correction
Anpbient temperature rating of unit Test ambient temperature Correction of observed temperatfire
1.25°C (77 °F) Range of 10-40 °C (50 — 104 °F) a
2. Rgnge of 25 — 40 °C (77 — 1045F) Range of 20 - 40 °C (68 — 104 °F) a
3. Ajove 40 °C (104 °F) Rated ambient c
b

2 An pbserved temperature shall be corrected by addition (when the test ambient temperature is lower than the rated ambien
temperature) orby subtraction (when the test ambient temperature is higher than the rated ambient temperature) of the differehce
betwpen the raied ambient temperature and the test ambient temperature. The corrected temperature shall not exceed the
templerature\limit specified in Table 49.1.

b Allgwable 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).

49.18 During the temperature test, the temperature of a surface that is capable of being contacted t|>y the
user|shall not be more than the values specified in Table 49.3. When the test is conductéd at ajroom
temperature 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.°€ (104 °F).

Table 49.3
Maximum Surface Temperatures

Compasition of surface?

Location Metal Nonmetallic
Hanfdles or knobs that are grasped for lifting, carrying, or 50 °C (122 °F) 60 °C 40 ¥
holdjng
Hanfles or knobs that are contacted but do not involve 60 °C (140 °F) 85°C 85 ¥

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

Surfpces subject to casual contact” 70.°C (158 °F) 95°C (203 9F)

2 A Handle, knob, or similar device made of a material other than'metal that is plated or clad with metal having a thickness of 0.127
mm|(0.005 inch) or less is judged as a nonmetallic part.

b Sep 49.14.

49.14 In reference to 49.13, a fixed in place unit that exceeds the limits in Table 49.3 is acceptable
provided it meets all three of the fellowing:

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

¢) The unit js'provided with instructions in accordance with 78.2(h).
50 Pielectri¢.\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,

Secti

50.2.]

is to e both connected and disconnected during the test so that the maximum voltage is obtained.

50.2.
value

minimum spacings. For a sinusoidal or a direct current voltage, the rms or average values respectiv

to be

50.3

50.3.
break
temp

50.3.1

bn 23, shall be determined in accordance with 50.2.2 and 50.2.3.

P A connector or comparable part that is capable of being disconnected during intended. oper

B Where a complex voltage is present, the peak value of the voltage is to pé measured ang
is to be used for calculation of the dielectric voltage-withstand potential and ‘determination g

measured.
AC and DC power circuits

| Except as noted in 50.3.2, the ac and dc power circuits af.a unit shall withstand for 1 minute wi
down the application of a 60 hertz sinusoidal potential with the unit at the maximum oper
brature:

a) One thousand volts plus twice the maximum rated voltage between
1) The primary circuit and non-current:carrying metal parts,
2) The primary and secondary eircuits, and
3) All secondary windingsyincluding any ferro-resonant windings;

b) Five hundred volts between a secondary circuit operating at 50 volts or less and non-cu
carrying metal parts; 1000-volts plus twice the maximum rated secondary circuit voltage betwg
secondary circuit, inetuding any ferro-resonant windings, operating at more than 50 volts and
current carrying métal‘parts; and

¢) One thousand volts plus the rated voltage of a capacitor between the terminals of a capa3
used for radio=interference elimination or arc suppression.

P Withereference to 50.3.1:

Ation

this
f the
bly is

thout
ating

rrent
ena
non-

citor

a), For a dc circuit, either an alternating-current or a direct-current potential is used. Whe

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.

Tabte 501
Magnitude of Test Potential for Secondary Circuits

Maximum voltage in the circuit®® Test potential
30 (42.4 peak), 60 dc, or less No test
Morg than 30 (42.4 peak) but not more than 333.3 (471.3 peak) or Ten times maximum voltage in gircuit (maximum of 1400
morg than 60 dc volts rms)
Morg than 333.3 (471.3 peak but not more than 1000 (1414 peak) Three times maximum voltagé in circuit
Morg than 1000 (1414 peak) 1750 volts plus 1.25 times voltage in circuit
2 Wihere the peak voltage is greater than 120 % of 1.414 times the rms voltage, the circuit shall be tested as if the voltage werp
peak voltage divided by 1.414.
b Vajues are rms unless otherwise indicated.

50.5| Induced potential

50.5J1 When an isolating power transformer is tested in‘accordance with 52.2.2(d), the test describgd in
50.5f2 —50.5.5 is to be conducted.

50.5)2 The primary winding of the transformer-is to be subjected to an alternating potential of twide the
rated voltage with the ends of all other windings opened. The potential is to be applied for 7200 cycles or
for 6P seconds, whichever is less. A sinusoidal source is to be used, and the frequency of the serviceg is to
be infthe range of 120 — 1000 hertz where required to prevent saturation of the core.

50.5]3 Primary- and secondary-circuit wiring connected to the transformer is to be disconnected fgr this
test.

50.5}4 Testing a 3-phasetransformer with a single phase voltage is not prohibited. The voltage mentjoned
in 50.5.2 is to be applied successively across each primary winding.

50.5/5 While/intthe heated condition obtained during the transformer overload test, the test vgltage
requfred in 50:5.2 is to be initiated at one-fourth or less of the full value and brought up gradually to the full
valug innhot more than 15 seconds. After being held for the time specified, the voltage is to be reduced
. The

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. A _unit shall not emit flame or molten metal or hecome a risk of fire electric shock, or injury to
persdns — see 52.1.3 — when subjected to the tests specified in 52.1.2 — 52.8.2. Separate samples)gre to
be used for conducting these tests.

52.1.2 Following each test, a dielectric voltage-withstand test specified in Section 50 is to.be conduted.
The potential is to be applied across the points indicated in 50.3.1. Conducting more than one abngrmal
test dn a sample, and conducting the dielectric voltage-withstand after completion of all abnormal tests is
not pfohibited.

52.1.8 Arrisk of fire, electric shock, or injury to persons exists when:

a) Flame, burning oil, or molten metal is emitted from the enclesure of the unit as evidenced lyy
ignition, glowing, or charring of the cheesecloth or tissue papef)

b) The insulation breaks down when tested in accordance with 52.1.2 or live parts are made
accessible (see Protection of Users — Accessibility and\User Servicing, Section 8),

¢) Cracking, rupturing, or bursting of the battery case or cover, where such damage results in user
contact 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 tissue gaper
and g single layer of cheesecloth is to be\draped loosely over the entire enclosure. The cheesecloth is fo be
untrepted cotton cloth running 26 — 28 m2/kg (14 — 15 yards per pound), and having, for any square finch,
a count of 32 threads in one direetion and 28 in the other direction. Units not having any bottom openings
are npt required to be placed onya softwood surface covered with tissue paper. When it is impracti¢al to
drapg the entire unit, cheesgcloth is required to be placed only over all ventilating openings.

52.1.% For a unit having supporting feet made of rubber or neoprene material, the requirement in|49.5
shall ppply.

52.1.6 The supply circuit is to have branch-circuit overcurrent protection, the size of which equals 15 %
of thg inputscurrent 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. Thg test

voltage and frequency are to he 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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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.

52.1.9 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

52.1
test,

52.2

52.2
wind
(c)b
inter
test i

52.2

1 Exceptas noted in 52.2.2, an adjustable resistive load is to be carnnected directly to the seco
blow. Opening of the intended branch-circuit overcurrent protestion device described in 52.1.6

hal overcurrent protection device connected in the primary<winding circuit is an example of whe
5 terminated.

2  With reference to 52.2.1:

- H " ]
UpCTauvur’ ger Tiirmute, ariid

b) A manual reset protector that becomes inoperative in the open condition shall be\opq
between 10 cycles and 3 cycles.

Transformer burnout test

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

a) For a transformer having a single isolated secendary winding, the load is to be adjusted to
in maximum volt-ampere output but not resulting in more than three times the maximum n
alternating current to flow in the primary winding.

b) For a transformer having multiple isolated secondary windings, each secondary winding is
tested separately; that is, with the winding under test loaded with an alternating current eq
three times the rms value of the"secondary current flowing through that winding during max

rated

10 With reference to 52.1.8(b), when the branch-circuit overcurrent protection device terminatgs the
the instruction manual shall contain the information specified in 78.2(p).

hdary

or an
n this

result
brmal

to be
al to
mum

normal operation of the unit and the other isolated windings, each loaded with an alternating clirrent

equal to the rms value of the‘secondary current flowing through their respective windings ¢
maximum normal operation of the unit.

¢) For an autotranstosmer, the conditions specified in (a) are to be used with the supply va
connected to the.outer input legs and the load resistor connected to the outer output legs

Figure 52.1.

a) Astransformer supplied from either an inverter circuit or other means limiting the current
transformer to less than three times rated current is to be loaded to a condition resulting in max

uring

Itage
See

o the
mum

abtainable input current without operation of overcurrent protection devices, where any are pre

sent.

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

combplvinawith tha raciiramante 1n aithar of tha fallavawina ctandardce:
COmpPHAHRg-WHHtHRetfegui-eeitSHi-e e -etHe+oneWig-Stahaaras:

1) Annex A, Ref. Nos. 5 and 6; or
2) Annex A, Ref. No. 40.

h) A signal or gate-drive transformer that is rated 10 watts or less and havingya secondary dircuit
that does not extend out of the unit is not required to comply with this requjrement.

52.2.8 A ferro-resonant transformer is to be tested in accordance with 52.2.L\with the secondary winding
loadgd to maximum input current. The transformer is to be operated continuously until ultimate conditions
are opserved.

Figure 52.1

Autotransformer Burnout \Test

FORS
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.



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

NMX-J-817-ANCE-2022 ¢« CSA C22.2 No. 346:22 ¢ UL
DECEMBER 15, 2022 2202 85

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
becgme stabilized. The load is then to be increased to 200 % of the rated value; no further adjustment of
the gverload current is to be made. The duration of the overload is to be as specified in Table52.1. The
shor{ circuit method as described in Annex A, Ref. No. 57 is one method used to obtain the 200:% of|rated
load [current. Where the short-circuit test method is used, all secondary windings are to be(shorted and the
voltage applied to the primary windings is to be adjusted to result in rated current to flowin the secohdary
wind[ngs.

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 in52.3.2, testing of a transformer rated more than 500 kilovolt-
amperes is not required when the test hasalready been performed with results that meet the intent pf the
requirement on a smaller transformer_rated not less than 500 kilovolt-amperes, when the smaller
trangformer has the same insulation.system and same general construction as the larger transformef, and
the témperatures recorded during-the temperature test are no greater for the larger transformer than those
recofded during the temperature test for the smaller transformer.

52.344 Within 1 hour fallewing the overload test, the transformer shall perform as intended in a reppated
dielertric voltage-withstand test except that the test value is to be at 65 % of value specified in Dielectric
Voltgge-Withstand-T'est, Section 50, and the induced potential test described in 50.5.1 — 50.5.5.

52.3/5 For a‘unit tested in accordance with 52.2.2 b) the power circuit supplied by the transformey is to
be cpnnected to a resistive load that draws maximum obtainable output power without causing opefation
of internal *overcurrent protection devices or a protection circuit or resulting in opening of a ¢ircuit
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
52.1.8(a).

52.6 | Forced ventilation test

52.6.1 A unit having forced ventilation is to be operated with the rotor of a blower motorlocked. For & unit
having more than one blower motor, the test is to be conducted with the rotor of eachyblewer motor lo¢ked,
one gt a time. When agreeable to all concerned, all fan motors in a unit having more than one fan motor
shall pe locked simultaneously.

52.6.2 A unit having filters over ventilation openings is to be operated with the openings block¢d to
repregent clogged filters. The test is to be conducted initially with the<ventilation openings blocked 50 %,
then {o be repeated under fully blocked condition. A single-fan unit-with a filter is not required to be te¢sted
undef the fully blocked condition.

52.7 | Component short- and open-circuit test

52.7.1 A component, such as a capacitor, diode, solic state device, or similar device, connected ip the
inputjand output power circuits are to be short- or_@pen-circuited, any two terminals one at a time, during
any cpndition of operation including start-up. Thisytest is not required:

a) Where circuit analysis indicates that;no other component or portion of the circuit is overloaded.

b) For electromagnetic radio frequency interference capacitors subjected to the dielectric volfage-
withstand test across their tefminals in accordance with 50.3.1, resistors, transformers, indugtors,
and optical isolators.

52.8 | Electrolytic capacitorfault test

52.8.1 Foraunit having dc electrolytic storage capacitors operating above 60 vdc, the fault test descfibed
in 5248.2 shall be.conducted. This requirement does not apply to a capacitor that complies with Anngx A,
Ref. INo. 47. Theycapacitor shall have an available fault current rating of 10,000 amperes or a lower yalue
wher¢ a circuit'analysis indicates that because of a series impedance, the lower value is applicable.

52.8.2 ““With reference to the requirement in 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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53.2

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.

With reference to 53.1:

53.3
flamé

53.4

53.5
diele)
diele

the gbnormal-operation test.

53.6

extefnal protective-device used with the transformer in the unit connected in either the primary or seco

circu
is to

a) A flanged bobbin transformer used in a circuit where isolation is not required or whep
secondary circuit does not extend out of the unit — see 27.1.3 — is not required to be subjéc
this test; and

b) A transformer complies with this requirement when it complies with the requirements in eit
the following:

1) Annex A, Ref. Nos 5 and 6.

2) Annex A, Ref. No. 40.

The results of the test do not meet the intent of the requiremént when the cheesecloth gloy
s, is charred or a breakdown occurs when the test described in“53.5 is conducted.

Samples for the 15-day abnormal operation tests are to he& prepared as follows:

a) The transformer is to be mounted either in thexunit enclosure as intended under the cond
described in 52.1.4 or on a test bench with the cheesecloth mentioned in 52.1.4 draped ov
transformer.

b) All secondary windings are to be l0aded to rated current before the abnormal condit
introduced; and the loads, other thianithat connected to the winding to be overloaded, are not
readjusted thereafter.

While still in a heated conpdition from the tests described in 53.1, a transformer shall withstar
ctric voltage-withstand teStyapplied between the primary winding and the secondary winding
ctric voltage-withstand-=test potential is to be applied to the transformer 1 minute after complet

The abnormalitests are to be conducted with a protective device built into the transformer or W

be one,that has been investigated and found to meet the intent of the requirement.

53.7
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t, or in both. A protective device that is relied upon to open the circuit as a result of an abnormal test

that i

Ear the purpose of these requirements _each secondary winding tap and each primary windin
s used to supply power to a load in the unit are the equivalent of a secondary winding.

g tap

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 widing opens. The short-circuit current of any one winding is to be measured with the other secorjdary
windipgs open-circuited.

53.11 For 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, thes3-ampere|fuse
open$, a winding of the transformer or a protective device opens or 15 days have passed. In condugting
the tgsts described in 53.1 (a) — (c), the variable resistance load is to be adjusted tq the required valie as
quick]y as possible and readjusted, where required 1 minute after voltage is applied to the primary winding.
For a|switch-mode transformer, the load is to be connected to the output of the\power supply connectgd to
the transformer.

53.120 When short-circuiting the secondary winding causes one of¢he windings to open before 15 dlays,
then tl’he next test in the sequence described in 53.1 (b) and (c) that continues for 15 days is to have the
varialple load resistor reduced to zero impedance at the end of\the 15 days to cause the transformler to
burn put.

53.13 For atransformer 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 tp be
discoptinued when the protective device opens the-eircuit and the next test in the sequence is to be stdrted.
The protective device mentioned above includes automatic recycling type, manual reset type, [or a
replageable type.

53.14 When a protective device opens the circuit or a winding on any sample opens during the 13-day
abnofmal-operation tests while the samples are unattended, the variable resistor load on the other sar:l:ples
is to e increased, 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 53.5 while in
a hedted condition. The nexitest in the sequence in 53.1 (b) and (c) that continues for 15 days is {o be
conduicted.

54 $train Relief Tests

54.1 | General

54.1.1 ““The tests in 54.2 and 54.3 apply to the flexible cord connections, field wiring connections, anfd 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 wiring lead intended for field wiring connection shall be tested as indicated in 54.2.1; excgept in
the gase of a lead extending from the enclosure the weight is to be 89 N (20 pounds) and in the casg of al
lead jwithin a wiring compartment, the weight is to be 44.5 N (10 pounds).

54.244 The weight is to be suspended from the cord, cable, or lead and supported-by-the unit so that the
straim relief means is stressed from any angle of the unit.

54.3| Strain relief —push back test

54.3{1 The supply cord or EV cable shall be prevented from being.fushed into the product through the
cord |entry hole where such displacement is likely to:

a) Subject the cord or cable to mechanical damage or 10.exposure to a temperature higher tan
that for which the cord or cable is rated;

b) Reduce spacings below the minimum intended values; or

¢) Damage internal connectors or components.

54.32 The supply cord is to be held 25.4-mm (1 inch) from the point where the cord emerges from the
unit and is then to be pushed back into the unit. The cord is to be pushed back into the unit in 1 inch
incrgments until the cord buckles or the“force to push the cord into the unit exceeds 26.7 N (6 pounds
forcd). The supply cord or cable, within the unit, is to be manipulated to the worst-case position during the
test fo determine compliance with 54.3.1.

55 Flexing
55.1| With reference 10 20.1.10, after wiring has been subjected to flexing as described in 55.2, the unit
shalllbe subjected\to-the Dielectric Voltage-Withstand test in Section 50 and the wiring is to be exarrined

for damage to-determine where any conductors are broken or where individual strands have penefrated
the ipsulatiop.

55.2 | Wjiring that is subjected to movement at times other than installation and servicing is to be tesged by
cycling tThe moving part through the maximum travel intended Tor 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 torque shall also be applied to the EV cable at a point 150 mm (6 inches) from the ¢able gnp as
specified in Table 56.1 for one minute in the direction least favorable to the clamp construgtioy.

Table 56.1
Cable Secureness Test Values
Torque Maximum displacement
Device 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 — 400 108 (8.0) 4.76 (3/16)
401 -800 16.3 (12.0) 4.76 (3/16)

57 @rounding Tests
57.1 | Grounding impedance test

57.1.1 In accordance with~19.9 where penetration of nonconductive coatings is not determinable by
examlination, a measurement of the grounding path resistance is to be made. The impedance at 60 hertz
between the point aficonnection of the equipment-grounding means and the metal part that is requirgd to
be bgnded to ground shall not be more than 0.1 ohm when measured in accordance with 57.1.2{ The
resistance of the‘equipment grounding conductor of a power supply cord shall not be included if the
resisance measurement.

57.1.2 “In the US and Mexico, compliance with 57.1.1 is to be determined by passing a current pf 25
amperes derived from a 60 heriz source with a no-load voltage not exceeding 6 volis between the Tollowing
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

indicpted 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

Maximgsn time for overcurre|
protectiye-device to open, miny

nt
tes

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 devige complies with the requirement in 58.1, the
trangformer is to deliver the test current to a resistancejoad with the primary connected to a circpit as
described in 45.1. During the 2-minute test, the load is16 be adjusted continuously to maintain the required
test ¢urrent. During the 60-minute test, the load is\to“be adjusted once after 15 minutes of operatiop and
the test is to be continued without further adjustment.

58.3] When the fuse or circuit protective device is used to protect more than one secondary wind|ng 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 BStrength of Terminal Insulating Base and Support Test

59.1| In accordance wittithe requirement in 14.1.2.8, an insulating base or support and the bus or|strap
upor} which pressure-wire connectors for field wiring are mounted shall be subjected to the force crpated
wherp the connectgrsy’securing short lengths of conductors sized as described in 14.1.1.4, are torqyed to
125 |% of the value marked on the unit. The results meet the intent of the requirement when the base is
not damaged.as defined in 59.2. The test is not required for wire connectors that are part of a comppnent
suchlas a terminal block, circuit breaker, switch, or similar device.

59.2 : cks G
bosses, recesses, or other means to prevent turnlng do not perform thelr mtended functlon 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-Citauit to
which the bonding conductor is connected, the magnitude of the test current and size of fuse used during
the tgst is not prohibited from being based on the rating of the smaller fuse.

Table 60.1
Duration of Overcurrent Test
Rating or setting of branch-circuit Test time, minutes
vercurrent 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
Table60.2

Circuit Capacity for Bonding*Conductor Short-circuit Test

Rating of unit, volt-ampere Capacity of test circuit,

Single phase 3-pliase Volts amperes
0-1176 0-832 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 testcircuit described in 60.1(b) is to have a power factor of 0.9 — 1.0 and a closed-circuif test
voltage as specified in 45.1. The open-circuit voltage is to be 100 — 105 % of the closed-circuit volfage.
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 Jajtime,
and the test is to be conducted as described in 52.1.1 — 52.1.3, 52.1.5, 52.1.7, and 52.1.8. As aresult of
this test:

a) The overcurrent protection associated with the branch circuit to the unit shall net.open; and

b) A wire or a printed-wiring board trace shall not open.

Wheh the circuit is interrupted by opening of a component, the test is to_bevfepeated twice using new
components, as required. Opening of an internal overcurrent protective device is a test resulf that
elimipates the need for the test being repeated.

63 Heat Sink Temperature Cycling Test

63.1] Where required by 21.3.1(b), a current-carrying, alumirium heat sink shall be subjected to the test
descfibed in 63.2 and 63.3.

63.2| Three samples of the heat sink/solid state camponent assemblies are to be subjected to thig test.
After completion of the 500" cycle described in£3.3, a temperature of the solid state component forfeach
sample shall not be more than 15 °C (27 °F) higher than the temperature during the 24th cycle and ngither
tempgerature shall be more than the rating af the solid state component.

63.3| The samples are to be subjegted to 500 cycles of current-on and current-off operations. During the
currgnt-on time, the samples are49-be carrying maximum rated current. The duration of the current-on and
currgnt-off times shall be the length of time required to reach stable temperatures. Stable temperaturgs are
obtaijned when three succesgsive readings taken at not less than 10 minute intervals indicates no morg 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 concurrence ai-those concerned.

64 [Tests for Permanence of Cord Tag

64.1| General

64.111 —Except as noted in 6A1 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

64.2.

Test conditions

sted.

For a
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Nine samples of the tag applied to the power-supply cord in the intended manner are to be te
Hhesive applied tags, tests are to be conducted no sooner than 24 hours after application of hg
amples are to be conditioned as follows:

a) Three of the samples are to be tested as received.

b) Three samples are to be tested at the end of 30 minutes of conditioning at a reom temperatu
23 +2 °C (73.4 3.6 °F) and 50 +5 % relative humidity, following conditioning in“an air-circulat
oven 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 hours t
humidity of 85 +5 % at 32 +2 °C (89.6 £3.6 °F).

Test method

| Each sample is to consist of a length of power supply*cerd to which the tag has been applied
I supply cord, with the attachment plug or connector paoifiting up, is to be held tautly in a vertical p|
e of 22.2 N (5 pounds) is to be applied for 1 minuteto the uppermost corner of the tag farthest
pwer supply cord, within 6.4 mm (1/4 inch) of thewertical edge of the tag. The force is to be ap|
plly downward in a direction parallel to the major axis of the cord. In determining compliance]
| (d), manipulation such as straightening of the tag by hand is used where applicable. To deter
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force
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liance with 64.1.1(e), each sample is to.be scraped 10 times across printed areas and edges, V
of 8.9 N (2 pounds), using the edge‘of-a 2.0 mm (5/64 inch) thick steel blade held at a right ang
st surface.

[ests on Transformer Insulating Materials

Where required by note (c) or (g) of Table 27.1, the transformer insulating material shg
Cted to the test deseribed in 65.2.

The insulating-material is to be placed between two opposing electrodes. The electrodes are
rical brass,or stainless steel rods 6.4 mm (1/4 inch) in diameter with edges rounded to a 0.8
inch) radius. The upper movable electrode is to weigh 50 +2 grams to exert sufficient pressu
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ecimen'to provide good electrical contact. The test potential is to be increased to the test valug
aximum test potential is to be maintained for 1 second. The result complies when there is no diel
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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 ddliver a value of current that results in a temperature of 75 °C (135 °F) above room temperature pt the
joint| The assembly is then to be subjected to a 500-cycle test. At the end of the 24th cycle, the‘¢uriient is
to bg readjusted to bring the temperature of the joint to 75 °C (135 °F) above room temperature; and this
currgnt value is to be maintained for the remainder of the cycling test. At the end of the/25th and p00th
cyclgs, the temperatures are to be recorded. The temperatures are to be measured on:hoth sides pf the
joint fas close as possible to the bolt or rivet. The cycling rate is to be 3 hours on and 1 hour off. The on
peridd during which temperatures are recorded shall be what is required for the joint to attain thermal
equilibrium. The length of the bus bar may be less than 609 mm (2 feet) with(the' concurrence of those
concgrned.

67 Harmonic Distortion Test

67.1] A unit rated for a harmonic factor (HF) or total harmonic distoriion (THD) of the supply current is to
be tgsted as described in 67.2 and 67.3. With the unit energized at the input voltage and frequency in
accofdance with 45.1 and 45.2, HF or THD shall not be more‘than 10 % over the manufacturer's ratiphg 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
affeqts the magnitude of the harmonics, for measuring purposes, the supply impedance for cord- connected
units| rated 240 volts or less shall be 0.08 ohm.er less and the supply impedance for other units shall not
excegd a value that affects the results of the'test.

67.3| The magnitude of the various harmonics of the supply frequency is to be recorded to the thirty-third
(33) pharmonic. The harmonic distestion factor is the ratio of the harmonic content to the rms value ¢f the
fundamental. The harmonic factor(HF) is to be calculated as follows:

FTZFT12F

HE= (B L7
Ifundamental
The fotal harmonic distortion (THD) is to be calculated as follows:

12 2 2
_ Jlztlgtlg+ ..

2 2 2 2
\/I1+I2+I3+I4+...

TEHD
TT 1

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 LThe enclosure or guard is to be subjected to the impact test described in 68.1 with or without any
attachment specified by the manufacturer so as to result in the most severe test.

68.3 | When the part under test is made of polymeric material, the impact test is to be first conducted|on a
sample or samples in the as-received condition. The test is then to be repeated on a different sample or
samplles that have been cooled to room temperature after being conditioned for 7-hours in an air pven
operdting at 10 °C (18 °F) higher than the maximum operating temperature of théxmaterial, and notl less
than Y0 °C (158 °F). While being conditioned, a part is to be supported in the same manner in whiclp it is
suppérted on the unit.

68.4 | Upon being removed from the oven mentioned in 68.3 and before being subjected to the impact
test,aTo samples shall show signs of cracking or other deleterious effects from the oven conditioning| and
no sample shall be distorted so as to result in a risk of injury to persons.

68.5 | After the impact test, any openings resulting fromsthe test shall comply with the access|bility
requitfements described in Protection of Users — Accessihility 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 of a hand
held Winit not including the vehicle connector,weighing less than 18 kg (40 Ibs). The samples are to pe at
room|temperature [nominal 25 °C (77 °R)]

69.2 | With reference to 69.1, each'sample is to be dropped three times from a height of 0.9 m (3 fegt) to
strike| a concrete surface in the positions favorable to producing adverse results.

69.3 | Immediately followingthe test, the unit is to be:

a) Subjecteditothe Dielectric Voltage Withstand Test of Section 50. The potentials shall be applied
between the\input/output circuits and bonded/grounded or non-current carrying metal parts;

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

70.4
throy
surfg
is to
supp

71

71.1
71.2

71.2
the U

72

72.1
withd
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72.2
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In conducting the stability test, the unit is to be:
a) Placed on a plane inclined at an angle of 10° from the horizontal, or

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

gh an angle of 10°, a part or surface of the unit not normally in contact witlrthe horizontal supp
ce touches the supporting surface before the unit has been tipped through an angle of 10°, the ti
pbe continued until the surface or plane of the surface of the unit originallyin contact with the horij
orting surface is at an angle of 10° from the horizontal supporting surface.

Static Load Test

nit and not less than 9.1 kg (20 pounds):
a) Applied through the center of gravity.of the power unit in the downward direction, or

b) Applied evenly over the horizontal plane of the unit.
Strength of Handles Test

A handle used to support or carry a unit shall withstand a load of four times the weight of th
ut damage to the hanidle, its securing means, or that portion of the enclosure to which the han|
hed.

To determine whether a unit complies with the requirement in 72.1, the load is to be unif
pd over a76 mm (3 inch) width at the center of the handle, without clamping. The load is to be s
ro andsgradually increased so that the test value is attained in 5 to 10 seconds; the test value is

With reference to the requirement in 70.3(b), for a unit that is constructed so.that, while being jpped

Drting

pping
rontal

When mounted as specified by the manufacturer, a power unit shall comply with the test specified in

The supporting means of a power unit shall support a static load of four times the weight of {the of

B unit
dle is

ormly
arted
to be

hand

by measuring the percentage of the unit weight s

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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Table 73.1

Physical Properties for Supporting Feet

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 t " t s-atret
meagured 2 minutes after release.
Elongation Minimum increase in distance 250 % 65 % of 250 % 75 %|of
betwgen 25.4 mm (1 inch) gage marks at [to 88.9 mm (3-1/2 original [to 88.9 mm (3-1/2 origirjal
brealt. inches)] inches)]
Tengjle Strength Minimum force at 5.86 MPa 75 % of 8.27 MPa 90 %|of
breaking point. (850 psi) original (1200 psi) origirjal
2To be determined using the test methods and apparatus described in Annex A, Ref. No. 58, except the\méthod for tensile sefis
to beg as specified in this table.
Table 73.2
Conditioning Parameters
Minimum material Conditioning
temperature 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 ovenat 113 °C
(235 °F)
65 (117) 10 days in an air-cifculated oven at 121 °C 7 days at 121 °C (249.8 °F) or 60 days at 97|°C
(249.8 °F) (206 °F) in an air-circulated oven
80 (144) 7 days in antairscirculated oven at 136 °C
(276.8 °E)
2 Megsured during the Temperature Test, Section 49.
MANUFACTURING AND)PRODUCTION TESTS
74 Production-Uinie Dielectric Voltage-Withstand Test
74.1 | As, 8»toutine production-line test, each unit shall withstand, without electrical breakdown| the
appligation. of an alternating-current potential at a frequency within the range of 40 — 70 hertz or a djrect-
currehnt pnfnnfinl betweenthe Primnr\ll \Alir‘il"lg, incly lding 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, Test potential Test potential Time, Test potential | Test potential Time,
volts v ac vdc seconds v ac vdc seconds
Rated 250 or less 1000 1400 60 1200 1700 1
Rated more than 250 1000+2V2 1400+2.8V? 60 1200+2.4V2 1700+3.4V2 1
@ Maximum marked voltage.
74.3| The test potential is to be gradually increased to the required value but the full value is te-he‘applied
for 1|second or 1 minute, as required.
74.4| The unit is to be at intended operating temperature, at room temperature, or at\any intermediate
temperature for the test.
74.5] The test is to be conducted when the unit is fully assembled. it is not intended that the unit be
unwired, modified, or disassembled for the test except as follows:
a) Parts such as snap covers or friction-fit knobs that interfere/with’ performance of the test afe not
required to be in place.
b) Thetestis to be performed before final assembly when'the test represents that for the completed
unit. Any component not included shall not affect th& results with respect to determination of
possible electric shock from miswiring, defective cemponents, spacings, or similar defect.
¢) Solid state components that are capable-of being damaged by a secondary effect (induced
voltage surge, excessive heating, or similar\effect) of the test are to be short-circuited by means of
a temporary electrical jumper, or the test is to be conducted without the component electfically

74.6
of el

restg
com:ll)ly. When an alternatifig-current test potential is applied, the test equipment shall include a transf

havi

4.7
inclu

74.8
indic

voltage suppression devices otherthan capacitors connected from primary wiring to non-c
carrying metal are to be disconnected during the test where required.

The test equipment shall iaye a means of indicating the test potential, an audible or visual ind
bctrical breakdown and, for automated or station type operations, either a manual-reset dev

re the equipment aftef €lectrical breakdown or an automatic-reject feature for any unit that dog

g a sinusoidal output.

When the\rated output of the test equipment is less than 500 volt-amperes, the equipment
He a voltmeter in the output circuit to indicate directly the applied test potential.

When the rated output of the test equipment is 500 volt-amperes or more, the test potential is

connected, providing the wiring and-terminal spacings are maintained. Additionally, trampsient

irrent

cator
ce to
S not
brmer
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to be
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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.


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

100

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

, 2022

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
used

MAR
Advis

langu
speci

Any indicating device (an ohmmeter, a battery and buzzer combination, or similar device) lis
to determine compliance with the grounding continuity requirement.

KING
ory Note: In Canada, there are two official languages, English and French, ahd in Mexico, the o

age is Spanish. Annex B provides translations in French and Spanish of the English mar
ied in this standard. Markings required by this standard may have to be provided in other langu

to copform with the language requirements of the country where the prodect is to be used.

76 1

76.1

76.1.
moldé
stam
with A

76.2

76.2.
visibl

Details
General

| Unless otherwise stated, all markings are required to be permanent, that is, either by K
bd, die-stamped, paint-stenciled; stamped or etehed metal that is permanently secured; or ind
pbed on a pressure-sensitive label secured by\adhesive that, upon investigation, is found to co
\nnex A, Ref. No. 59.

Content

| Except as noted in 76.2.2,%a unit shall be plainly and permanently marked where it is rg
p, after installation, with:

a) The manufacturef'syname, trademark, or other descriptive marking by which the organizati
responsible for the"EV charging system equipment is identified;

b) A distinctive.gatalog number or the equivalent;
¢) The electrical ratings specified in 6.1; and

d)/The date or other dating period of manufacture not exceeding any three consecutive months.

0 be

ficial
ings
ages

eing
blibly
mply

adily

76.2.2 Wihreference 1o /6.2.1.

a) The manufacturer's identification is not prohibited from being in a traceable code when the u
identified by the brand or trademark owned by a private labeler.

nitis

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 ratng (cycles per second, cycles/second, heri, c/s,
cps, or Hz). The symbol illustrated in Figure 76.1 is an example for this marking. See 762.5:

b) The number of phases shall be indicated if the unit is designed for use on a polyphase dircuit.
The symbol illustrated in Figure 76.2 is an alternative for the word "phase.” See 76:25.
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