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SUMMARY OF TOPICS

This new Sixth Edition of ANSI/UL 845 dated June 28, 2021 includes revised requirements for
Temperature Terminations.

The requirements are substantially in accordance with Proposal(s) on this subject dated August 28, 2020
and January 29, 2021.
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Preface

This is the harmonized ANCE, CSA Group, and UL standard for Motor Control Centers. It is the third
edition of NMX-J-353-ANCE, the second edition of CSA C22.2 No. 254, and the sixth edition of UL 845.
This edition of NMX-J-353-ANCE/CSA C22.2 No. 254/UL 845 supersedes the previous edition published
on August 31, 2005.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
the CSA Group, and Underwriters Laboratories Inc. (UL). The efforts and support of the Technical
Harmonization Subcommittee 17D — Motor Control Centers on the Harmonization of Electrotechnical

Standards of the Nations of the Americas (CANENA) are gratefully acknowledged.

This standarg
standard.

The present

is considered suitable for use for conformity assessment within the stateg

Mexican Standard was developed by the CT CDI Control y Distribucion Indu

Comite de Ngrmalizacion de la Asociacion de Normalizacion y Certificacion, /A.C., CONA

collaboration

This standard
of the CSA T
Requirementg
This standarg
National Stan

pf the motor control centers manufactures and users.

was reviewed by the CSA Integrated Committee on Industrial Control, under
echnical Committee on Industrial Products and the{CSA Strategic Steering
for Electrical Safety, and has been formally approved by the CSA Technig
has been developed in compliance with Standards Council of Canada re
fdards of Canada. It has been published as a National Standard of Canada by (

Application ¢f Standard

Where refere
considered a

Note: Although t
responsibility of t

Level of harn

This standard

An identical
differences re

nce is made to a specific number of samples to be tested, the specified nu
Mminimum quantity.

he intended primary application of this standard is stated in its scope, it is important to note t
he users of the standard to judge its suitability for their particular purpose.

nonization
is publishéd\as an identical standard for ANCE, CSA Group, and UL.

standard is a standard that is exactly the same in technical content exce

scope of the

strial from the
NCE, with the

the jurisdiction
Committee on
al Committee.
uirements for
CSA Group.

mber is to be

hat it remains the

bt for national
word for word

sulting from conflicts in codes and governmental regulations. Presentation is

except for edi

offat changes.

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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Motor Control Centers

1 Scope
1.1

1.1.1

Products covered

This standard applies to motor control centers to be used in accordance with the U.S. National

Electrical Code, ANSI/NFPA 70, CSA C22.1, Canadian Electrical Code, Part 1, and the Mexican Electrical
Installations (Utility), NOM-001-SEDE.

1.1.2 Thes
currents not

1.1.3 Thiss
not more than

1.1.4 Requi
1.2 Producf
These require
power circuits

manually or a
protective de

el‘—l—l_l_l_l_t—l_h—v_ﬁrequlremen S COVer motor control Centers for use on circuits having avaia
ore than 200 000 A rms symmetrical or 200 000 A dc.

andard applies to single- and three-phase 50 and 60 Hz and dc mator contro
1000 V ac or dc.

ements for fire pump controllers are as provided in Annex C,\item 11.
s not covered

ments do not cover switchboards or panelboards.intended for the control of el
, hor do they cover an individual unit for this“purpose. Such units, however,
utomatically operated switches, branch-cireuit or service-circuit circuit-breaker,
ices, or the like may be used within a metor control center.

1.3 Equipment

1.3.1 A mot
following:

a) full-

b) full-

br control center can contain; but is not limited to, any combination of equipme

voltage reversing or.nen-reversing combination motor control units;

voltage multispeed combination motor control units;

c¢) redyced-voltage-part-winding, wye-delta or auto-transformer combination motor cg

d) soli
protec]

d-state~industrial controllers, such as adjustable-speed drives, programmal
liverelays, and the like;

le short-circuit

centers rated

ectric light and
that consist of
5, overcurrent-

nt such as the

ntrol units;

le controllers,

e) lighting or distribution panelboards;

f) feeder-tap units;

g) incoming-line equipment, such as main lugs, fusible switch, isolation switch, or circuit-breaker;

h) control or lighting transformers;

i) special equipment assemblies;

j) combination contactor units.

1.3.2 The foregoing equipment can contain, but is not limited to, such items as pushbuttons, selector
switches, indicating lights, control transformers, control circuit fuses, and auxiliary devices incorporated as

an integral pa

rt of the units.
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1.4 Units of measurement

The first values given are S| (metric) units. Alternate measurements shown in parentheses are US
customary units, which sometimes are not strict conversions.

2 Normative references

The normative references listed in Annex C contain provisions which, through reference in this text,
constitute provisions of this standard. Any undated reference to a code or standard appearing in the
requirements of this standard shall be interpreted as referring to the edition of that code or standard and all
published changes up to the time when this standard was approved.

In Canada, geperal requirements are as indicated in Annex C, item 16.

3 Definitions
3.1

For the purposes of this standard, the following apply.

transformers,
ions devices,

3.2 auxiliary
control device
etc.

devices — types of devices such as indicating meters (instruments), current
5, control relays, timers, protective relays or protective devices, communica

line terminals
trical A.

3.3 availablé¢ short-circuit current — the short-circuit current available at the equipment

plus any moto
3.4 bus, hori

3.5 bus, vern
This bus may

3.6 Class | jhotor control centers ~-mechanical groupings of combination motor control

tap units, othe

3.7 Class I
furnished eled
system diagra

contribution. The available ac short-circuit gurrent is expressed in rms symms
vontal — a bus that extends through a miotor control center section.

tical — a bus that serves the units in a section and that originates from the h
be replaced by insulated wiring.

[ units, and electrical'devices arranged in an assembly. (See Annex H).

motor control_centers — a Class | motor control center provided with
trical interlecking and wiring between units, as specifically described in g
ms suppliedby the user. (See Annex H).

3.8 combin

tion_controller unit — a control unit containing a magnetic or solid-state con

orizontal bus.

units, feeder-

manufacturer-
verall control

troller and an

externally opdrable disconnecting means and overcurrent protection. The controller ma

contain motor

overload protection.

or may not

3.9 combination motor control unit — a control unit that contains components that perform the
following functions: externally operable circuit-disconnecting means, motor branch-circuit overcurrent
protection, motor overload protection, and motor control.

NOTE Two sets of externally operable circuit-disconnecting means, each with branch-circuit overcurrent protection and motor
controller, may be mounted in a single compartment to form a dual unit.

3.10 dummy fuse — a current-carrying part made of copper and having such dimensions that it will fit its
fuse mounting means with the same conditions of pressure, contact, and cross-sectional areas as are
obtained on terminals of the fuse that it is intended to replace.
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3.1
branch-circuit

overcurrent protection, principally used for non-motor loads.

feeder-tap unit — a unit that includes an externally operable circuit-disconnecting means and

NOTE Two sets of externally operable circuit means, each with branch-circuit overcurrent protection, may be mounted in a single
compartment to form a dual unit.

3.12

incoming supply conductor — a conductor installed to provide power to the equipment.

3.13 main bonding jumper — the connection between the grounded circuit conductor and the
equipment grounding conductor at the service.

3.14 motor control center — a floor-mounted assembly of one or more enclosed vertical sections

typically havi
units.

NOTE Usually, U
connected to the
individual units b

3.15 motor

structural framework from being physically separated into smaller parts and is intend

individual con
and vertical b

Ng a horizontal common power bus and principally containing combination

nits are mounted one above the other in the vertical sections. The sections normally incorpor
common power bus, thus extending the common power supply to the individual units®yPower may
bus bar connections, by stab connections, or by suitable wiring.

control center section — the vertical enclosure and assembly that is pre

nbination motor control units. The function of the vertical section is to support
Ises, units, covers, and doors when the doors are not mounted directly to the

3.16 servic
and fuses, a

other structurk, or an otherwise defined area, and intended to constitute the main control
cut-off of the gupply.

3.17 syste
equipment gr

3.18 Type A wiring — user (field) load and control wiring connected directly to device ter!

to the unit (S«

3.19 Type B

connected either to powerterminal blocks or directly to the device terminals. Terminal bloc

or adjacent to

3.20 Type(

equipment — the necessary equipment, usually consisting of a circuit-bre
their accessories, located near the point of entrance of supply conductors {

bonding jumper — the connéction between the grounded circuit cond
bunding conductor at a separately derived system.

e Annex H.)

wiring — user (field) control wiring connected to unit terminal blocks; the fielg

the unit. (See Annex H.)

wiring — user (field) control wiring connected to master terminal blocks; the fi

motor control

hte vertical buses
be supplied to the

vented by the
ed to receive
the horizontal
nit.

aker or switch
0 a building or
and means of

uctor and the

minals internal

load wiring is
ks are internal

eld load wiring

is connected

either to master power terminal blocks or directly to the device terminals. M

aster terminal

blocks are mounted at the top or bottom of the vertical sections that contain combination motor-control
units or control assemblies. (See Annex H.)

4 Application information and components

41

Recommended classifications and application information are given in Annex H.

4.2 Components

4.2.1

A component of a product covered by this standard shall comply with the requirements for that

component. See Annex D for a list of standards covering components generally used in the products
covered by this standard. A component shall comply with the ANCE, CSA, or UL standards as appropriate
for the country where the product is to be used.
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4.2.2 A component shall be used in accordance with its rating established for the intended conditions of
use except as otherwise permitted in this standard.

5 Characteristics
5.1 General

5.1.1 A motor control center section shall be rated as follows:
a) voltage (Volt, V, Vac, Vdc);

b) phase (9, phase);

c) freqll|ency (Hz, hertz);
d) horizontal and vertical power bus ampacity (A, ampere), including neutral bus'when supplied;
e) bus ghort-circuit current ratings (A rms sym, or A dc V max).
5.1.2 A motgr control center unit shall be rated as follows:
a) voltgge (Volt, V, Vac, Vdc);
b) phage (9, phase);
c) frequency (Hz, hertz);
d) load|(hp, A, ampere, kW, kVA, kvar). In Mexi¢o, kW is required for motor loads;

e) unit short-circuit current ratings (A rms sym or A dc — V max).
5.2 Voltage fratings

The voltage rgting of a motor control°center shall not be more than 1000 V ac or dc. Commpn ratings are
shown in Tabl¢ 1.

5.3 Current

5.3.1 Incomjng rating

5.3.1.1 A mdtor control center shall be assigned an incoming rating for current that shall not exceed the
ampacity of the horizontal bus.

5.3.1.2 In Mexico and the United States, the supply rating of equipment that is marked to indicate it is
suitable for use as service equipment, has provision for 2 watt-hour meters without provision for current
transformers, and is provided with two main disconnects shall not be less than 50 % of the sum of the
continuous ampere range of the assembled meter positions. (See Annex G.)

In Canada, this is not permitted.
5.3.2 Horizontal bus rating

The horizontal common power bus shall have a continuous-current rating of 600 A or higher. Preferred
ratings are 800, 1 000, 1 200, 1 600, or 2 000 A.
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5.3.3 Vertical bus

A vertical bus

5.4 Short-c

5.41

5.4.1.1

shall have a minimum continuous-current rating of 300 A.

ircuit

Standard short-circuit current ratings of motor control center units

Each unit of a motor control center containing a short-circuit protective device shall be assigned a

short-circuit current rating. Except for units containing only control-circuit components, the rating shall be
the applicable rating from Table 2.

54.1.2 EaclL unit of a motor control center containing only control-circuit components shall
short-circuit ¢|
not exceeding

54.1.3 A urn
power bus (W

current rating

does not affeq

5.4.2 Comblination motor control units

A combinatio
rating greater

For combinat

not be greatsg

protective de

5.4.3 Separptely derived systems

Motor contro
derived syste
greater than t

5.4.4 Rating of bus-structure

The bus strug

rrent rating not greater than the interrupting rating of the short-circuit protect
100 KA.

it not containing any short-circuit protective device shall not bé-connected
ith the exception of lightning and surge arresters) and shall not be assigned
which shall be indicated as "NA.” Absence of a short-circuit current rating

t the short-circuit current rating of the motor control center:

n motor control unit, for other than variable-speed drives, may have a short
than the short-circuit current rating of anyindividual component if evaluated by

r than the interrupting rating of-the short-circuit protective device. When th
ice is an instantaneous-trip circuit breaker, it shall be evaluated by design testg

center short-circtit current ratings are not affected by units connected tg
M in a motor control center. The short-circuit current rating for such a unit shall
ne short-cireuit.current capacity of the separately derived system.

be assigned a
ve device, but

directly to the
a short-circuit
bn such a unit

Lcircuit current
design tests.

on motor control units containing vatiable speed drives the short circuit current rating shall

e short-circuit

D.

a separately
be equal to or

ture (horizontal and vertical bus) of a motor control center shall have a short

Fcircuit current

rating. The rating shall be the applicable rating from Table 3.

6 Markings

6.1

and product information

Identification

The following information shall be given by the manufacturer for both sections and units, where applicable:

a) manufacturer's name or trademark. If a manufacturer produces or assembles motor control
centers at more than one factory, the factory location shall be identified. Factory identification may
be in coded form; and

b) type designation, serial number, or equivalent.
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6.2 Product information

6.2.1 The following information shall be given by the manufacturer for sections:
a) electrical ratings (see Clause 5.1);
b) enclosure type;
c¢) termination and wiring information, as follows:

1) tightening torque for field-installed conductors (pound-inches, Ib-in, or N-m). In Mexico,
N-m is required as a minimum;

2) required temperature rating for field installed power conductors (°C);

3) material requirements for conductors (Cu, Al, Cu-Al, Al-Cu).

6.2.2 The following information shall be given by the manufacturer for units:
a) electrical ratings (see Clause 5.1.2);
b) techhical information, as follows:
1) wiring diagrams or tables;
2) current element tables for overload relays, where applicable;
3) instantaneous-trip circuit-breaker setting-information, where applicable.
c) service disconnect (see Annex G);
d) if applicable, suitability for use as sefvice entrance equipment (see Annex G);
e) termlination and wiring information, as follows:

1) tightening torquetfor field-installed power conductors (pound-inches, Ib-ip, or N-m). In
Mexico, N-m is required as a minimum;

2) required témperature rating for field-installed conductors (°C);

3) material'requirements for conductors (Cu, Al, Cu-Al, Al-Cu).

6.3 Marking

6.3.1 All markings shall be in the appropriate language (or symbols as noted in this standard), as
necessary, for the country in which the motor control center will be installed (Spanish for Mexico, and
English for Canada and the United States.). A manufacturer may choose to utilize multiple languages on a
motor control center. See Annex B for translations of some markings that are also required to be in French
if installed in Canada.

6.3.2 Markings shall be located as specified in Table 7, Table 8, and Table 9.

6.3.3 A-required marking shall comply with the permanence of marking requirements of Annex C, item 3.

6.3.4 The manufacturer's name or trademark and the type designation, serial number, or equivalent, as
described in Clause 6.1, shall be marked on the equipment.
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6.3.5 Applicable characteristics as described in Clause 6.2 shall be marked on the equipment and shall
be easily legible and plainly visible after installation. The characteristic marking may be omitted under the

following conditions:

a) If the tightening torque for a field-wiring terminal is provided on a component in a visible location,
the motor control center unit need not be marked.

b) Technical information (see Clause 6.2.2) provided in a pocket need not be marked on the
equipment.

6.3.6 Motor control center sections not containing bus shall have the electrical ratings marked “N/A”.

6.3.7 Motor
short-circuit ¢

6.3.8 The s
marking contd

6.3.9 A mot

“Short
availa
unit" o

If the short-ci
overcurrent-p

P | n b &~ P I} e b n b ! H 1 Hl
CUTTUOT CCTTICT UTITtS TTOU CUTTIANTTyg - SsTurt=LirfCuUit prutcULVE UTVILT S STidll UT

Lirrent rating “N/A”, in accordance with Clause 5.4.1.

hort-circuit current rating of a motor control center section shall be an inte
ining the manufacturer's name or other required marking.

br control center section shall be marked

circuit current rating A rms symmetrical, V maximum. Do not install
ble short-circuit currents higher than the lowest shértiCircuit current rating o
I the equivalent.

cuit current rating of a motor control centercsection is dependent upon the us
Fotective device ahead of the center, the séction shall be marked

narked with a

gral part of a

bn circuits with
f any installed

e of a specific

“When used with _ ampere maximum:Class __ fuses (type ___ circuit-breaKer), this motor
contro| center section is acceptable for use on a circuit capable of delivering not mofe than __ A
rms syymmetrical, ___ V maximum.”
An individual [section need not be marked with the short-circuit current rating provided thaf the section is
part of a motqr control center line-up having an unspliced, common main bus and that one pf the sections
is marked as fequired above.

*For dc rated

6.3.10 Amo

"Unit s

hssemblies, replace “rms symmetrical” with “DC”.

tor contro) center unit shall be marked

with_

hort>circuit current rating A rms symmetrical’, V maximum,

"artha

hen equipped

acHvalent
y O G ICCOuTvarerit

The information that shall be provided in the third blank is the class and ampere rating of fuse or the

manufacturer’

s name and type designation of the circuit-breaker, whichever is applicable.

If the short-circuit current rating of a motor control center unit is dependent upon the use of a specific
protective device ahead of the unit, the motor control center unit shall be marked

"When used with ampere maximum Class fuses (type circuit-breaker), this motor
control center unit is acceptable for use on a circuit capable of delivering not more than __ A rms
symmetrical’ V maximum", or the equivalent.

* For dc rated assemblies, replace “rms symmetrical” with “DC”.
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6.3.11

Technical information [see Clause 6.2.2 b)] for individual units shall be

a) secured to each unit in a plainly visible location;

b) secured to the inside of the unit door; or

c) provided at a single location on or in the motor control center in a pocket expressly for this
purpose and the individual units shall have a marking secured at a plainly visible location giving the
proper diagram, current element table, and electrical rating information numbers, and referencing
the location.

6.3.12 Marking for service equipment

6.3.12.1 InQ

anada, if a motor control center is intended for use as service equipment, it'sh

as follows (se¢ Annex G):

“Suitaly

6.3.12.2 In
equipment, th

a)Inth

b) In th

le for use as service equipment.”

exico and the United States, if a motor control center is\intended for u
following applies (see Annex G):

e case of an insulated neutral, it shall be marked with-thé following:
“Suitable for use as service equipment.”
e case of a factory-bonded neutral, it shall besmarked with the following:

“Suitable only for use as service equiprient.”

6.3.13 With feference to Clause 8.2.9.4, vertical bus bars that are common for both rear-n|

and front-mou
units.

6.3.14 In Me
use as servicg
be provided if
shall be provig
apply them ne

In Canada, thi

hted units shall be marked to indicate the C, B, A phase arrangement for the

equipment”, instructions for installing the bonding means specified in Clause
the installation-method is not apparent. (See Annex G.) The marking "Servic
ed in the form of pressure-sensitive labels in an envelope, or on a card, with
br the diseonnect handles when the equipment is used as service equipment.

5 requirement is not permitted.

all be marked

e as service

hounted units,
rear-mounted

xico and the United States, if a motor control center section or unit is marked “Suitable for

8.2.33.2 shall
e disconnect"
nstructions to

6.3.15

If a motor control center section or unit is marked "Suitable only for use as service equipment”, a

service-disconnecting device for ungrounded conductors shall be marked "Service disconnect" on or
adjacent to the switch or circuit-breaker handle. (See Annex G.)

6.3.16 A motor control center section or unit not provided with ground-fault protection as covered in
Clause 8.2.21.7 shall be marked for the use specified in Clauses 6.3.17 and 6.3.18.

6.3.17

a solidly grounded neutral shall be marked as follows (see Annex G):

In Mexico and the United States, a motor control section or unit rated 3-phase, 4-wire and having

a) "Suitable only for use as service equipment when supplying a continuous industrial process"; or

b) "Suitable for use as service equipment only if supplying a continuous industrial process."

In Canada, this requirement is not permitted.
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6.3.18 In Mexico and the United States, a motor control center section or unit that is marked "Suitable
only for use as service equipment" or "Suitable for use as service equipment" and that is not provided with
ground-fault protection, or that is marked as described in Clause 8.2.21.7 c), shall be marked for

a) supplying a fire pump;
b) an alternate source for legally required standby service;

c) a 3-phase, 4-wire system that is a wye-connected service and that is not solidly grounded but
impedance grounded (see Annex G) ; or

d) use as the disconnecting means for a separate building or a structure on the property where
ground-fault protection is provided at the service entrance.

In Canada, th|s requirement is not permitted.

6.3.19 Groupd fault signalling for service entrance

ternate source
B.2.21.11 shall

6.3.20 In Mgxico and the United States, a motor control center section or'unit fed by an al
that has groupd-fault protection with only an audible or visual signal as ‘covered in Clause |
be marked as|specified in Clause 6.3.18 (see Annex G).

In Canada, th|s requirement is not permitted.
6.3.21 Ifas
impedance g
visual signal,

ervice equipment unit is supplied by a 3-phase, 4-wire system that is not solidly
rounded wye-connected system) and has ‘ground-fault protection with only
t shall be marked as specified in Clause\6.3.18 (see Annex G).

grounded (an
an audible or

6.3.22 The markings specified in Clause 6.3,12 shall be plainly visible after installation without requiring

the opening df a door or cover. Other markings shall not be located within 3.0 mm (0.12 in
markings unlgss the above markings are(n+a contrasting colour or located in a distinctly s¢
Markings within 12.7 mm (0.5 in) of the markings required in Clause 6.3.16 shall be of less h

6.3.23 A mator control center,section or unit that has had the neutral bonded at the factory
removable bgnding means shall be marked, “Bonded neutral — must not be disconnec
testing” (see Annex G).

6.3.24 If thelmotor Control center section or unit is so equipped, the main bonding jumper,
electrode conductor terminal, and the neutral disconnect link shall each be respectively ide

) of the above
pparated area.
eight.

by means of a
ed except for

the grounding
ntified as such

by a marking pr.tag’located on or adjacent to the part (see Annex G).

6.3.25 The current element table referenced in Clause 6.2.2 b) 2) shall include a current element rated
for use at the maximum rating of the motor control unit.

6.3.26 The current element table referenced in Clause 6.2.2 b) 2) shall not include a current element or
overload relay that is not intended to be used with the associated controller. A table may cover more than
one size of starter or may cover the use of one, two, or three overload relays or heater elements, provided
that the table is clearly marked to indicate the limits of its use. A resistance- or autotransformer-type
controller, a combination-starter unit, or a similar device intended for limited horsepower rating may be
provided with a table covering the elements furnished as if the limiting feature were not present.

6.3.27 In Canada, the following marking requirement for utility compartments shall apply. A motor control
center compartment for electrical utility supply authority use shall be marked

“‘COMPARTMENT FOR ELECTRICAL SUPPLY AUTHORITY USE ONLY.”
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In Mexico and the United States, this requirement does not apply (see Annex G).

6.3.28 The word “terminal” as used in Clauses 6.3.29 to 6.3.31, 6.3.41, and 6.3.42 signifies any terminal
of the motor control center, as well as any terminal in any component unit, such as a circuit-breaker,
switch, and the like, that is installed or intended to be installed in the motor control center and to which
power conductors are connected in the field. The motor control center shall be marked in accordance with
Clause 6.3.29, 6.3.30 or 6.3.31, whichever applies.

6.3.29 With regard to Clause 6.3.28, if, because of wiring space or other factors, no terminal of the motor
control center is acceptable for use with aluminum conductors, the motor control center shall be marked

“Use Copper/Cu Wire Only” or equivalent.

6.3.30 If the
acceptable for
shall be marke

“USE ¢

6.3.31 If the
acceptable for
acceptable for

“USE ¢
The marking s

6.3.32 Marki
visible after th

6.3.33 Motor
75 °C only) of
wiring termina

6.3.34 Wher
be permanent
location readil

“Field
condud

use with aluminum conductors as well as with copper conductors the motor
d

OPPER OR ALUMINUM WIRE” or “CU — AL” or equivalent.

wiring space and other factors are such that some terminals of the motor con
use with aluminum as well as copper conductors, while the remainder or the
use with copper conductors only, the motor control center shall be marked

OPPER WIRE ONLY EXCEPT AT TERMINALS ” or equivalent.
hall clearly identify the terminals that are acceptable for use with aluminum wir

hg provided in accordance with Clause'6.3.29, 6.3.30, or 6.3.31 shall be read
b installation with the cover or trim removed.

control centers shall be marked to indicate the temperature rating (60 °C only
the field-installed conductors-for which the equipment has been investigated u
is only intended for the eonnection of a control circuit conductor.

b required by Clausg 8.2.17.3, the motor control center incoming supply sectig
y marked with thé allowable ampacity of the field-installed incoming supply cg
visible prior.to ‘wiring, with the following or equivalent wording:

nstalled_incoming supply conductors may use 75/90 °C ampacity rating
teurs“d’alimentation entrants installés sur site peuvent utiliser une intensité

75/90 9

wiring space and other factors are such that all terminals of the motor control center are

control center

rol center are
terminals are

W

ly and clearly

, 60/75 °C, or
nless the field

ns/units shall
nductors, in a

s.” and “Les
nominale de

C.’

Note: See also Rule 4-006 of the Canadian Electrical Code, Part |, and Article 110.14(C) in the.

6.3.35 As required in Clauses 8.2.16.8 and 8.2.29.3.2, the maximum conductor sizes allowable shall be
identified by a prominent marking, such as a wiring diagram, in the motor control center that will state the
number and size of wires for which the construction is intended.

6.3.36 Equipment shall be marked to show the range of values or the nominal value of tightening torque
to be applied to the clamping screws of all terminal connectors for field wiring.

When the line terminal torque value is above normal levels as permitted in Clause 9.10.8.3, the marking
shall be located adjacent to the terminals and shall specify the minimum value of torque that shall be
applied to the terminal screws.
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6.3.37 Limited energy circuit field-wiring

6.3.38 As allowed by Clause 8.2.15.2 a), circuits that are intended to be supplied from a Class 1 extra-
low-voltage, low-energy power source shall be identified "Input VvV, A Class 1 Only", or the
equivalent. Class 1 supplies conforming to the requirements of Annex C, item 13, shall be permitted to be
identified "Output VvV, A Class 1."

6.3.39 As allowed by Clause 8.2.15.2 b), circuits that are intended to be supplied from a Class 2 extra-
low-voltage, low-energy power source shall be identified "Input Vv, A Class 2,” or the equivalent.
Class 2 supplies conforming to the requirements of Annex C, item 14, shall be permitted to be identified

"Output

V, A, Class 2."

6.3.40 The
drawings, or K

6.3.41 Whe
equipment a
component te
marking, an iq

6.3.42 Whe
equipment at
the conductor

6.3.43 With
control cente
branch) are s
the front of th
wiring diagrar

6.3.44 Ina
which is for lo
"DANGER") 4
"RISK OF
THESE

The marking 5

dentification noted in Clauses 6.3.38 and 6.3.39 shall be given in an instru
y marking the termination point as a Class 1 or Class 2 circuit.

e leads, wire-binding screws, or pressure wire connectors are/ not prd
5 shipped, the equipment shall be marked stating which pressure wire
rminal kits are acceptable for use with the equipment. A termital kit shall carry
entification of wire size, and the manufacturer's name or trademark.

e special terminals such as crimped lugs are provided; they are sometimes |
the factory. Instructions including reference to necessary tools to effect prope
shall be provided.

reference to Clause 8.2.21.5 or 8.2.21.64if"ground-fault protection is provid
[ section or unit, markings shall be provided to indicate which circuits (m
b protected. If a marking on the ground,fault sensing or relaying equipment is
e motor control center with the motor control center cover removed, a separate
n or in another suitable locationyshall be provided (see Annex G).

motor control center section*or unit with ground-fault protection, that part of t
ad terminations shall be marked with the hazard signal word or symbol (e.g., '
nd with the following.or equivalent wording:

FIRE AND ELEEGTRIC SHOCK — DO NOT CONNECT GROUNDING CONDU
DR ANY OTHER NEUTRAL TERMINALS; TO DO SO WILL DEFEAT GROUN
PROTECTION."

hall'be located on or adjacent to the neutral (see Annex G).

ction sheet, in

vided on the
connector or
an identifying

ncluded in the
connection of

ed in a motor
pin, feeder, or
ot visible from
marking, on a

he neutral bus
WARNING" or

CTORS TO
D-FAULT

In Canada, this marking is not permitted.

6.3.45 With respect to Clause 8.2.21.16, when intended to be connected to an external source, the
control circuit for ground-fault protection shall be identified by a permanent marking: "External source
connection for control circuit of ground fault sensing and relaying equipment ___ V (ac or dc)". Terminals
for external sources for other types of control circuits shall be similarly marked (see Annex G).

6.3.46 The disconnecting means shall clearly indicate whether they are in the “OPEN-OFF” or
“CLOSED-ON” position. In applications employing separate external operating mechanisms, the contacts
shall be open when the position indicator shows “OPEN-OFF”, but the position indicator may show
“CLOSED-ON" when the contacts are in either the trip or closed position.

NOTE International IEC symbols, “I” indicating on and “O” indicating off, also may be used.
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6.3.47

If a transformer providing control voltage or an instrument or control circuit fuse is connected to

the line side of the main disconnect or to a separate source, this disconnect may be identified as the
"Main", but the motor control center shall be marked on the dead front adjacent to the main disconnect
with the word "DANGER" and with the following or equivalent wording:

"RISK OF ELECTRIC SHOCK. THIS MAIN DOES NOT DISCONNECT CONTROL AND
INSTRUMENT CIRCUITS."

6.3.48 A motor control center section that is designated for either top cable entry only or bottom cable

entry only shal

| be marked

"TOP ENTRY ONLY" or "BOTTOM ENTRY ONLY" or equivalent.

The marking s

6.3.49 A combination motor control unit in the motor control center shall be marked with a

word (e.g., “W.

"THE OPENI
FAULT CU
SHOCK,

CONTROLLE

HAS BH

The marking n
incorporate co

6.3.50 A mo
permitted in C

6.3.51 An a
instructions. Al

a) the
respon

b) the ¢

c) the g

hall be located adjacent to the incoming terminals or as indicated on the wiring

ARNING”, “DANGER”, “CAUTION”) and the following or equivalenf:

NG OF THE BRANCH-CIRCUIT PROTECTIVE DEVICE CAN BE AN INDICAT
RRENT HAS BEEN INTERRUPTED. TO REDUCE THE RISK OF FIRE OR E

FR SHOULD BE EXAMINED AND REPLACED IF DAMAGED. WHEN A FAUL
EN INTERRUPTED, THE COMPLETE OVERLOAD RELAY MUST BE REPL

hay be in the form of a single label mounted;on the motor control center sec
mbination motor control units.

or control center unit intended to.beused with a protective device in an ac
ause 8.2.14.3 shall be marked ta'identify the kit to be used in that unit.

ccessory intended for field installation shall be provided with installatio
h accessory shall be plainly marked with

manufacturer's name, trademark, or other descriptive marking by which thg
sible for the praduct can be identified, hereinafter referred to as “the manufactu

lectrical rating;

atalogu€ number or equivalent.

diagram.

hazard signal

ION THAT A
LECTRIC

CURRENT-CARRYING PARTS AND OTHER COMPONENTS OF THE COMBINATION

I CURRENT
NCED.”

tions that can

cessory kit as

n and wiring

organization
rer's name”;

toabion ~Ff tha Lt thot ~on b matalla o pantar ~anteal Aot
TCatoTT O O ICIttS tac oar ot miotancu— i o iotor— oot o CCTitet

1arked on the

6.3.52 Identi
equipment, su

pplied separately, or included in the manufacturer’s catalogue.

6.3.53 A motor control center unit utilizing an instantaneous-trip circuit-breaker without additional
protection for control circuit conductors as permitted in Clause 8.2.14.2 shall be marked with the maximum
control-circuit protective-device rating corresponding to the size of the control-circuit wire used within the
equipment, as specified in Table 4.

6.3.54 Where a supplementary fuse is provided there shall be a marking near the fuseholder specifying
the voltage and current rating of the replacement fuse.

6.3.55 With reference to Clauses 8.2.14.1 to 8.2.14.5, where a branch-circuit type (other than
supplementary) fuse is provided and the fuseholder will accept a fuse having a higher current rating than
as specified in Table 12, a marking specifying the maximum fuse size shall be provided near the
fuseholder.



https://ulnorm.com/api/?name=UL 852 2021.pdf

JUNE 28, 2021 NMX-J-353-ANCE-2021 ¢ CSA C22.2 No. 254:21 ¢ UL 845 21

6.3.56 Where the fuse used to determine compliance with the fuse-clip temperature-rise requirement
(see Clause 8.2.8.3) is a Class G or K, there shall be a marking near the fuseholder specifying the class of
the replacement fuse.

6.3.57 Unless its intended use is obvious the equipment-grounding terminal or assembly shall be
a) green, or the heads of the terminal screws shall be green; or
b) identified by one of the following adjacent to the terminal:

1) the marking “Equipment Grounding Terminal”, or an equivalent marking or abbreviation;
or

2) the symbol

Grounding Symbol
See-lEC 60417, Symbol 5019

6.3.58 With|reference to Clause-8.2.34.5, if an equipment-grounding-terminal assembly |s intended for
field installatign,

a) the[section shall-be marked to indicate the catalogue or type number of the terminal assembly
intendged to be-used;

b) properinstallation instructions shall be marked on the equipment in which the ternmpinal assembly
is intended to be used, or shall be provided on or in the individual shipping packagermr carton of the
terminal assembly.

6.3.59 Cautionary markings required by this standard shall be located on a part that cannot be removed
without impairing the operation or appearance of the equipment.

6.3.60 A cautionary marking shall be prefixed with the hazard signal word "CAUTION", "WARNING", or
"DANGER", as applicable, in letters not less than 2.3 mm (0.09 in) high or 9 point. The remaining letters of
the cautionary marking, unless specified otherwise in individual marking requirements, shall not be less
than 1.5 mm (0.06 in) high or 6 point.

6.3.61 With respect to Clause 9.10.8.1, a marking specifying the type of bracing to be added to cables
routed through the section between the point of entry and the incoming terminals shall be located adjacent
to the incoming terminals or shall be supplied in separate instructions provided with the equipment.
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Bracing items not provided as a part of the center shall consist of components readily available to the

installer.

6.3.62 A motor control center that does not preclude the installation of a unit with the operating handle
higher than 2 m (6 ft, 7 in) shall be marked

“THE MOTOR CONTROL CENTRE UNIT INSTALLED IN THE UPPERMOST POSITION SHALL BE
SELECTED SO THAT THE CENTRE OF THE GRIP OF THE HANDLE IS LOCATED NOT MORE THAN
2 METRES (6 FEET, 7 INCHES) FROM THE FLOOR OR A WORKING PLATFORM.”

A motor control center unit requiring an additional accessory, such as an extension, chain, or similar
operating means, to meet the operating handle height limits shall have the list of accessories provided in

the unit, in the

6.3.63 When required by Clause 8.1.4, equipment shall be marked with the following
wording:
“WARNING: WHEN MOUNTING ON OR OVER A COMBUSTIBLE SURFACE, A FLOOR P

LEAST 1.43 1

T
This marking 1
6.3.64 Equip

disconnecting
marked on the

"WARN

NOTE This clausq

6.3.65 Powe

equivalent wording:

"WARN
IS DIS

6.3.66 A un
instructions fo

instructions, or in a separate catalogue.

hm (0.056 INCH) GALVANIZED OR 1.6 mm (0.063 INCH) UNCOATED STEEL
O THE OUTSIDE PERIMETER OF THE EQUIPMENT MUST BE INSTALLED

eed not be permanent.

ment that is energized from more than one“circuit and that does not ha
all ungrounded conductors within a single{enclosure or compartment shall bg
outside with the following or equivalent.wording:

ING: MORE THAN ONE LIVE CIRCGUIT. SEE DIAGRAM.”

does not apply to circuits of extra-low-voltage as defined in Annex C, item 1.

I conversion equipment-incorporating capacitors shall be marked with the

ING: CAPACITIVE VOLTAGES ABOVE 50 V CAN REMAIN FOR S AF
CONNECTED:?

t incorporating an instantaneous-trip circuit-breaker shall be provided v
[ the breaker adjustment and overload relay current element selection to prov

in accordance

or equivalent

LATE OF AT
EXTENDED

e means for
b permanently

b following or

TER POWER

ith complete
ide protection

with Annex C, item 1.

6.3.67 A unit employing an overload relay that can be selected for automatic reset and supplied with a
wiring diagram indicating two-wire control shall be permanently marked to indicate that a motor connected
to the circuit can start automatically when the relay is in the automatic reset position.

6.3.68 When two or more bonding conductors 13.3 mm? (6 AWG) or smaller are terminated in a single or
multiple-conductor terminal that accepts a range of conductor sizes, the marking

"WARNING: TWIST WIRES TOGETHER BEFORE INSERTING IN TERMINAL"

shall appear adjacent to the grounding terminal. If the terminal is suitable for both copper and aluminum
conductors, the following marking shall be added:
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"COPPER WIRES MUST NOT BE MIXED WITH ALUMINUM WIRES IN THE SAME TERMINAL
HOLE."

6.3.69 With respect to Clause 8.2.32.3, if a grounding electrode conductor is required, a motor control
center section containing a power transformer feeding circuits that leave the section from a secondary
winding not conductively connected to the primary shall be marked, or have indicated on the wiring
diagram, the need for connecting the secondary neutral conductor to a grounding electrode, where
applicable, in accordance with existing installation requirements pertaining to separately derived systems.

6.3.70 In Canada, motor control centers intended for service entrance use and constructed in
accordance with Clause 8.2.20.13 shall be provided with a temporary tag, instruction sheet, or the
equivalent, indicating how the bond shall be removed when required by electrical inspection authorities
(e.g., "Wherg electrical inspection authorities require the neutral assembly to be disconng¢cted from the
enclosure follpwed by specific instructions applicable to the particular construction®.”) (s€e, Annex G).

6.3.71 When required by Clause 9.12.5.1 or 9.12.5.6, a combination motor control unit shall be marked
with the type o¢f protective device used and the maximum size of the protective device.

6.3.72 When disconnects or circuit breakers are reverse or back-fed,he‘unit shall be marked with the
following wofds or the equivalent: DANGER: REVERSE FED, DEVICE - LINE SIDE POWER
CONNECTE) TO LOAD SIDE TERMINALS OF DEVICE.~DE-ENERGIZE POWER BEFORE
SERVICING.

6.4 Installation instructions
The ground-fault protection equipment instructions and test form shall be provided with the gquipment.
7 Normal sérvice and transport conditions
7.1 Genera

Additional service and transportation conditions are given in Annex H or in individdal application
information.

7.2 Normaliservice conditions

Apparatus within the_scope of this standard shall be capable of operation within it§ performance
specifications|underthe following conditions:

a) The temperature of the air outside of the enclosure and the ambient temperature is above 0 °C
but does not exceed 40 °C, and its average value, measured over a 24 h period, does not exceed
35 °C.

b) The ambient air is not significantly polluted by dust, smoke, corrosive and/or flammable gases,
vapors, or salt.

c) The average value of relative humidity, measured over a period of 24 h, does not exceed 95 %
non-condensing.

d) The altitude does not exceed 2 000 m (6 600 ft), or 1 000 m (3 300 ft) if the equipment includes
solid-state controllers.

NOTE: See Annex H for abnormal service conditions.
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8 Construction and performance requirements

8.1 General assembly

8.1.1 A motor control center section shall have all enclosure panels and bus bars in place except for any
necessary bus bar links or enclosure panels that are completed by the installation of an adjacent section.
Motor control center units that plug into the bus bars need not be shipped with the section, but provision
shall be made for the proper installation of such units. Motor control center units may be shipped without

doors, but provision shall be made for the installation of such doors.

8.1.2 Enclosure — General

8.1.21 Amd
for modificatio
rating tests, sq

8122 Ano
requirements

8.1.3 No hor|
live parts with
Insulated parf
Equipment pr
channels at th

8.1.4 Motor
surface on wh

tor control center enclosure shall comply with the requirements of Annex Chits
s and additional requirements as specifically described in this Standard-~For ¢
e Annex C, item 2.

nhmetallic plug or other closure assembled as part of the enclosure shall co
bf Annex C, item 10, as applicable.

zontal covering shall be required across the bottom of thesurrounding enclos
n the device are not less than 152 mm (6 in) abave the plane of the mou
5 located within 152 mm (6 in) of the lower edge’ of the enclosure shall
pbvided with longitudinal base channels shall have a vertical covering betw
b ends of the equipment or have a bottom platerabove the base channels.

control centers shall be so constructed\that molten or flaming particles can
ch the equipment is mounted or shallbe marked in accordance with Clause 6.

8.1.5 Openings for operating handles

8.1.5.1 Oper
close-fitting. T
not exceed 2.4

8.1.5.2 Oper

ings provided for an opérating handle or other component projecting through &
he clearance between the edge of the hole and the handle or component esq
mm (0.093 in) on-gither side (one side only) and 3.2 mm (0.125 in) total (both

pting handle Glearances shall be measured with the handle in the “ ON”, “OFH

positions when a tripping mechanism is provided, with the handle and its supporting memberi

any position th

at will result from ordinary factory assembly.

em 10, except
environmental

mply with the

ire if exposed
nting surface.
be guarded.
ben the base

not fall to the
3.63.

door shall be
utcheon shall
sides).

t”, and “TRIP”
assembled in

8.16 Inaun

tincorporating fused switches, the location of the fuses shall be such that

a) fuses will be accessible and the fuse terminals will be dead when the switch is open; and

b) fuses can be replaced without a person touching any live part.

8.1.7

8.1.7.1

Door interlock

The door of a motor control center unit having a disconnecting device shall be interlocked with

the disconnecting device so that the door cannot be opened without first opening the disconnecting device
and so that the door cannot be closed unless the disconnect handle is in the same position as the
disconnect device. Where two sets of circuit-disconnecting means are mounted in a single compartment to
form a dual unit, each disconnecting device shall be interlocked with its associated door. This requirement
does not apply to a ground fault control circuit disconnect that does not have an external operating handle.
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8.1.7.2 Provision for deactivating the interlock for inspection purposes while the disconnecting device is

closed shall b

e permitted.

8.1.8 Securing doors and covers

8.1.8.1

means, such as latches, locks, interlocks, or screws, for firmly securing it in place.

8.1.8.2

A part of a motor control center enclosure, such as a door or a cover, shall be provided with

If bare live parts are exposed by the opening of doors or covers, means requiring the use of a tool

to open them or means that can be locked shall be provided to secure the doors or covers in the closed

position.

NOTE Electrical
Figure 10 are nof

8.1.9 Doors
and

a) doo

components that are behind a barrier/dead front or that are not contacted by the IEC articulate f
considered to be bare live parts.

required to be opened during normal operation may have hand-operated latc

r's shall be hinged such that the door will not come off inadvertently;

b) barfiers or finger-safe devices shall be used to prevent contact'with bare live parts

operatf
all haz

NOTE The repla
overload devices

8.1.10 Ther
8.1.5.1 and 8,

8.1.11 The
control center

8.1.12 Prov
other part use
supporting su

8.1.13 Devi
or otherwise [

8.1.14 Asin

ardous voltages.

ement of fuses is not considered a normal operation with réspect to industrial control equipment, |
| repeated adjustment of timers or switches, etc., are.eansidered normal operations.

e shall be no openings in the surface of a unit enclosure, other than those allov
P, that will be exposed after the installation of the unit in the motor control cent

umber, arrangement, and ratifigs or settings of overcurrent protective devices
5 shall be in accordancewith the requirements of Annex C, item 1.

sion shall be madesfor securely mounting a device to a supporting surface. A
d to mount a component of an assembly shall not also be used to mount the a
rface.

es that(can be handled in normal operation, such as switches and rheostats, 3
revented from rotating. Such devices that rely solely on friction shall not be ac

robe as shown in

Nes or screws,

during normal

on, unless the door is provided with an interlock to aldisconnecting means that de-energizes

ut the resetting of

bed in Clauses
br,

used in motor

bolt, screw, or
ssembly to the

hall be staked
ceptable.

fe-throw knife switch shaft be mounted so that gravity witt mottendto close it

8.1.15 A single-throw knife switch shall be connected so that the blade or blades will be dead when the
switch is open unless the switch is designed so that all live parts are inaccessible when the switch is in the
open position.

8.1.16 A separate disconnecting means shall be provided for each motor starter in a grouped control
except where such a control assembly is a coordinated drive of a single machine and all motors forming
part of the machine drive are disconnected by a single suitable switch.

8.1.17 When control power for a motor controller is obtained conductively from a grounded system, the
control circuit shall be so arranged that an accidental ground in the wiring from the controller to any remote
control or signal device will not

a) start the motor; or
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b) prevent the stopping of the motor by the normal operation of any control or safety device in the

control

circuit.

8.2 Construction requirements

8.2.1 Ventila

8.2.1.1

tion

A ventilation opening for natural or forced ventilation in the motor control center enclosure shall

be constructed or located or provided with a barrier to ensure that no flame or molten metal will be emitted
due to arcing encountered during the operation of a disconnect switch or a circuit-breaker.

8.2.1.2 Inor

er to conform to the requirements in Clause 8 2. 1.1, a barrier of metal orof a

material such

as those men
source of arci
applies:

a) the ¢

b) during the short-circuit test, there is no emission of flame or moltenymaterial from t

determ

c) the ¢

8.2.1.3 The
part past the
outside the ed

8214 Ame
a) 1.35
b) 1.42

c) 1.91

unless its stre
the barrier ang

8.215 Ano
not subject to

ioned in Clause 8.2.1.5 shall be interposed between a ventilating opening-al
ng such as a disconnect switch or a circuit-breaker, unless one of the fellow

pening is at least 305 mm (12 in) from an arcing part;

ned by flame indicators (see Annex C, item 12); or

quipment is solid-state power conversion equipment.

bdge of the barrier define an area at the plane of the opening at least 6.4
pes of the opening.

tal barrier shall have a thickness notless than
mm (0.053 in) if uncoated steel;
mm (0.056 in) if zinc-coated;

mm (0.075 in) if aluminum

of the specified thickness (see Clause 9.19).

ngth and rigidity-are not less than that of a flat sheet of steel having the same ¢

nd a possible
ng conditions

he opening as

parrier shall be of such dimensions and located, so that straight lines drawn from any arcing

mm (0.25 in)

imensions as

n-metahbarrier shall not be less than 6.4 mm (0.25 in) thick unless it is locat
mechanical damage during installation, and it shall be supported to provide

strength and ri

idity
~J 7

d so that it is

tThe necessary

8.2.2 Size, location, and covering or screening

8.2.2.1

An opening in an enclosure shall have such size or shape, or shall be covered in such a way by

screening or by an expanded, perforated, or louvred metal panel that a test rod as specified in Clause
8.2.2.2 cannot enter.

8.2.2.2 The test rod mentioned in Clause 8.2.2.1 shall be 13.1 mm (33/64 in) in diameter, unless the
plane of the opening is 102 mm (4 in) or more from the nearest uninsulated live part, in which case the test
rod shall be 19.4 mm (49/64 in) maximum in diameter.

8.2.2.3 Alou

ver shall not be more than 305 mm (12 in) long.


https://ulnorm.com/api/?name=UL 852 2021.pdf

JUNE 28, 2021 NMX-J-353-ANCE-2021 ¢ CSA C22.2 No. 254:21 ¢ UL 845 27

8.2.2.4 The area of all openings cut or formed from the enclosure metal shall not exceed 25 % of the
area of the wall in which the openings are located unless reinforcing means, such as stiffeners, are
employed and the enclosure complies with the comparative deflection test requirement in Clause 9.19.
The area of an opening covered by a louvered, perforated, or expanded metal panel that is thinner than
the enclosure shall not exceed 1290 cm? (200 in?). The area of an opening covered by a 1.35 mm (0.053
in) thick or thinner steel panel or a screen of 2.1 mm? (14 AWG) or smaller steel wire shall not exceed
516 cm? (80 in?).

8.2.2.5 The wires of a screen shall not be smaller than 1.3 mm? (16 AWG) for screen openings 3.2 cm?
(0.5 in?) or less in area, and not smaller than 3.3 mm? (12 AWG) for larger screen openings. A
supplementary screen having smaller openings may be provided but shall not be considered in evaluating
the primary screen.

8.2.2.6 Perf
(0.042 in) thi
(0.5in?) or les
zinc-coated, f

brated sheet steel employed for expanded metal mesh shall not be l€ss than 1.07 mm
tk, or 1.14 mm (0.045 in) thick if zinc-coated, for mesh openings or-perforations 3.2 cm?
s in area, and it shall not be less than 2.03 mm (0.080 in) thick, or 2(43 mm (0}084 in) thick if
Dr larger openings.

8.2.2.7 If th¢ indentation of the guard or enclosure made from the perforated sheet steq
metal mesh ¢

| or expanded
oes not alter the clearance between uninsulated live parts and grounded metal so as to

adversely affjfct the performance or reduce spacings below the mihimum acceptable valu

Table 19, pe
0.58 mm (0.0

8.2.2.8 Agr

used if it has lpeen investigated and found to be acceptable for the application.

8229 Ave
located abovsd

8.2.3 Type ]

8.231 Ina
attachment pl
shall be prote
rainproof enc

structural sysfem.

8.2.3.2 With

orated sheet metal or expanded metal mesh notyless than 0.51 mm (0.03
P3 in) thick, if zinc-coated, may be employed.

lle construction that complies with the intent)of the requirements in Clause §

htilating opening in the top of the enclosure shall be provided with a hood or pr
the opening to reduce the likelihood of entry of foreign material.

IR enclosures

Type 3R enclosure,.a switch, a circuit-breaker, a receptacle (complete with

cted from exposure to rain. If a live part is directly below a meter, water th
osure through'a ringless meter opening shall be channeled to the outside b

reference to Clause 8.2.3.1, the diameter of a ringless meter opening shall n

166 mm (6.55

ps specified in
0 in) thick, or

.2.2.6 may be

otective shield

its associated

Lg), a fuseholder.or a similar device, including the opening provided for an opg¢rating handle,

At can enter a
a permanent

bt be less than

in)

8.2.3.3 Live parts shall be located at least 102 mm (4 in) above the enclosure mounting surface of an
enclosure intended for horizontal pad mounting.

8.2.4 Hinge

8.2.4.1

d doors and covers

Other than as noted in Clauses 8.2.4.3 and 8.2.4.4, an enclosure cover shall be hinged if it gives

access to fuses or any other overload-protection devices, the intended functioning of which requires
renewal, or if it is necessary to open the cover in connection with the intended operation of the device.

8.2.4.2 Hinged covers shall be independent of the units unless removal of the unit will not leave the bus
so exposed that unintentional contact with it is likely.
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8.2.4.3 A hinged cover shall not be required for a device that requires access only in the event of the
burnout of heater elements or the like on short-circuit.

8.2.4.4 A hinged cover shall not be required for a device in which the only fuses enclosed are control-
circuit fuses if the fuses and control-circuit loads (other than a fixed control-circuit load, such as a pilot

lamp) are with

8.2.4.5 Anhin

in the same enclosure.

ged door or cover shall open to not less than 90°.

8.2.5 Enclosure working space configurations

8.2.5.1 Moto
as shown in Fi

I . i . T i l-i hall
ure 1, Figure 2, and Figure 3.

8.25.2 Amo
motor control

8.2.6 Protec

Iron and stee
equivalent me
depend, with {

a) bea
protect

b) sma
that ar
electrig

C) parts
8.2.7 Insulaf

8.2.7.1 Mate
part and shall

A material thg

tor control center section or group of sections under a common top supplied in

tion against corrosion

parts shall be protected against corrosion by enamelling, galvanizing, pl3g
ans. This applies to all springs and other parts upon which proper mechanical
ne following exceptions:

fings, thermal elements, sliding surfaces\of a hinge or shaft, and the like
on is impracticable;

| parts of iron or steel (except terminhal parts), such as washers, screws, bolts
b not current-carrying if the cofrosion of such parts is not likely to result in
shock, or injury to persons;

made of stainless steel of Type 304 or better.
ing materials

rial for the-support of an uninsulated live part shall be acceptable for the sup
pe capable of withstanding the most severe conditions likely to be met in servig

be configured

a non-walk-in

center enclosure shall be so constructed that there are no interferences to obfaining access
to the motor control center section(s).

ting, or other
operation can

where such

, and the like,
a risk of fire,

bort of such a
e.

Thermal Inde

Comparative Tracking Index (CTI)

uninsulated liv

a)itisi

t.is\used for the direct support of an uninsulated live part shall comply wit

values indicated in Table 43. A material is in direct
e part when:

n direct physical contact with the uninsulated live part; and

the Relative
n (HAI), and

support of an

b) it serves to physically support or maintain the relative position of the uninsulated live part.

8.2.7.2 Other than as indicated in Clause 8.2.7.3, a live screwhead, rivet, or nut on the underside of a
base designed for surface mounting shall be countersunk so that there will be at least a 3.2 mm (0.125 in)
clearance between the screwhead, rivet, or nut and the mounting surface, and shall be covered to a depth
of not less than 3.2 mm (0.125 in) with a waterproof, insulating sealing compound. The compound shall
not soften at a temperature 15 °C higher than the temperature observed at the point where it is used, but
the softening point shall not be lower than 65 °C, as determined in accordance with the test for softening
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point by means of ring and ball apparatus (i.e., ball pressure test) (see Annex C, item 9). The test shall not
be required for a thermosetting material.

8.2.7.3 All screws and nuts, other than those mentioned in Clause 8.2.7.2, shall be staked, headed over,
upset, or otherwise reliably prevented from loosening unless it can be shown that no reduction of spacings
can result from the loosening or falling out of such threaded parts.

8.2.7.4 If the screw or nut mentioned in Clause 8.2.7.3 is prevented from loosening by being staked or
upset by a lock washer or by other equivalent means, it shall be insulated from the mounting surface by an
insulating barrier (see Clause 8.2.28.1) or by providing a spacing through air from the mounting surface no
less than that specified in Table 19 and Table 20.

8.2.8 Current-carrying parts

8281 Acu
metal accepts

rrent-carrying part shall be of silver, a silver alloy, copper, a copper alloy, aluninum, or other

ble for the application.

8.2.8.2 Plated steel screws, nuts, and studs may be used to secure pressure wire conngctors and bus

bars. No. 10

nonferrous te
parts that are
wire-binding s

8.2.8.3 AcU
specified in T4

8.2.84 Anu
shall be secu
Friction betw
Turning shall

a) two
b) sho!
c) adg
d) a cg

e) son

and larger plated steel wire-binding screws may be used @t terminals, in con
rminal plate. Bolts, washers, and nuts at the hinges of khife switches are co
not depended upon to carry current. Copper and brass shall not be used fq
crews, nuts, and stud terminals; plating shall be zing, tin, or silver.

rrent-carrying part shall be of such size that a-temperature rise does not ex
ible 29.

ninsulated live part, other than a pressure wire connector as mentioned in Cla
ed to the base or mounting surface-so that it is prevented from turning or shift

be prevented by the use of

screws or rivets;

Lilders or mortises;

wel pin, lug, or offset;

nnecting strap or clip fitted into an adjacent part; or

€ eguivalent method.

nection with a
hsidered to be
r plating steel

ceed the limits

use 8.2.27.14,
ng in position.

ben surfaces shall not be used:as a means to prevent turning of uninsulated live parts.

8.2.8.5 A conical spring washer, or a construction other than a spring washer that has been investigated
and found to be equivalent in performance, shall be used in a bolted joint involving aluminum conductors
and in all riveted joints. The investigation of an equivalent construction shall consist of the heat cycling test
described in Annex C, item 6.

8.2.9 Bus bars

8.2.9.1 A copper bus rated over 600 A and an aluminum bus shall be plated at every bolted or plug-in
connection with tin or silver.

8.2.9.2 A bus bar shall be securely supported by bolting, riveting, or other means so that all spacings are
maintained. The vertical or horizontal bus bar shall be supported independently of any switch, circuit-
breaker, or the like that is connected to it.
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8.2.9.3 In a 3-phase, 4-wire construction, the neutral shall not be smaller than the size required for the
main bus bars unless its ampacity (based on a heating test) is at least 200 A and is clearly marked on the
nameplate.

8.2.9.4 The phase arrangement of 3-phase horizontal common power and vertical bus bars shall be A,
B, C from front to back, top to bottom, or left to right, as viewed from the front of a motor control center.
However, rear-mounted units connected to a vertical bus that is common to front-mounted units may have
a C, B, A phase arrangement if the bus bars are marked accordingly to identify the respective phases. See

Clause 6.3.13.

8.2.10 Prote

ction of service personnel

8.2.10.1 Wh
inspection ang
circuit-breaker
barrier to prev|
shall be secur

a) exte

b) exte
switch

each s
extend
the corj

bre a bolted pressure contact switch or low-voltage air circuit-breaker that neq
maintenance is mounted above other equipment that remains energized with
open in the same enclosure, it shall be separated from the other equipment b
ent any serviceable part from falling onto a live part of equipment lo¢ated belo
bly fastened in place. The width and depth of the barrier shall either.

nd beyond any live part below it; or

hd rearward from the front wall of the compartment to the vertical projection of
base, and, if space permits, laterally at least 152 mm _(6'in) beyond the verticg
de of the switch base. If space does not permit the152 mm (6 in) extension, th
to the sidewall of the compartment. Any edge of the barrier not extending to t
hpartment shall have an upturned flange at least 19.1 mm (0.75 in) high.

8.2.10.2 Wit
not less than

regard to Clause 8.2.10.1 or 8.2.19.8xas applicable, a metal barrier shall ha
.81 mm (0.032 in) if uncoated steel-and not less than 0.86 mm (0.034 in) if g4

shall be supparted independent of support provided by units that will be installed in the fiel

may be of ex
barrier shall b
strength.

8.2.10.3 The
and 8.2.10.2 if

nded metal or screen if the openings are not larger than 1.6 cm? (0.25 in?). 4
at least 1.6 mm (0.0625 in)thick and shall be reinforced if necessary to provig

barrier specified in‘Clause 8.2.19.6 shall comply with the requirements in Cla
uninsulated live parts ahead of the service disconnect are located below any

or the neutral dlisconnect link in“such a way that a falling tool or other metal part can contact {

In Canada, the

requirement in 8.2.10.3 is not applicable.

8.2.11

uires periodic
the switch or
y a horizontal
w. The barrier

he rear of the
| projection of
e barrier shall
he sidewall of

e a thickness
Ivanized, and
d. The barrier
\ non-metallic
e mechanical

uses 8.2.10.1
load terminal
hem.

Comtrination motor control unit

8.2.11.1

A combination motor control unit provides a disconnecting means and a load switching means

within a device or assembly. In addition, provision for overload and short-circuit protection shall also be
incorporated. The functions may be provided by individual discrete components or be combined in a single
controller. Table 10 summarizes the applicable construction requirements for the various constructions of
combination motor control units.

8.2.11.2 Typical constructions of combination motor control units are indicated in Table 11. This table is
for reference only.

8.2.11.3 The disconnecting means of an enclosed combination motor controller shall be provided with a
method of being locked in the off position.
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8.2.11.4 The disconnecting means shall open all ungrounded supply conductors and shall be
constructed so that no pole will be independently operated under normal service conditions. One pole of
the disconnecting means may disconnect a grounded conductor, provided that the disconnecting means is
constructed so that the pole of the grounded conductor cannot be opened without disconnecting all
conductors of the circuit in the same operation.

8.2.11.5 A combination motor controller using fuses or inverse-time or instantaneous-trip circuit breakers
as the motor branch-circuit protection shall be evaluated in accordance with the applicable requirements
for the specific protective device employed.

8.2.11.6 A disconnecting means in a combination motor controller shall comply with the applicable
standards listed in Annex C, items 7, 10, and 27. See also Table 11 and Clause 8.2.26.

8.2.11.7 An
device that is
limit the maxi
the complete

8.2.11.8 AU
with the devig

adjustable setting means of an instantaneous-trip circuit breaker or self-pra
accessible without opening a door or removing a cover shall be constricted s
mum setting can be installed. Directions for the installation of the stop,shall bg
controller.

nit containing a Type E combination motor controller shall have a means, W
e mounted as intended with the unit door opened, that,indicates which functig

short-circuit) has operated.

82119 Ifa
the minimum

8.2.12 Unit

Provision sh3
removed as a
or weight of th

8.2.13 Inter

Setting or its specific installation setting.
mounting

Il be made so that each combination motor control unit and feeder-tap unit
unit for rearrangement, replacement, or repair. Exceptions shall be permitted
e unit makes its removal impracticable.

hal wiring

8.2.13.1

0.20 mm? (24
the suitability

NOTE 1 The redti

equipment. They

The

internal wiring-of-a motor control center shall consist of general-use wire or af
ptable for the application, when considered with respect to the temperature

AWG)and the temperature rating shall be not less than 90 °C unless invest
of otherconductors.

tected control
b that a stop to
b included with

hich is visible
n (overload or

unit is provided with a circuit-breaker having anadjustable trip unit, it shall bg factory set to

can be readily
Where the size

bpliance wiring
, voltage, and
t smaller than
igation proves

do not apply to the supply wiring run to control equipment, to motors, or to other apparatus.

5 as a part of the

NOTE 2 For motor and control-circuit applications, the use of Table 5, together with Table 6, as a guide in selecting the conductor
sizes in motor control centers, can obviate the need to perform a temperature test on the wire. Conductor sizes for other applications,
e.g., heating loads, are subject to investigation.

8.2.13.2 A bare conductor, including pigtails and coil leads, shall be supported so that the spacings
required elsewhere in this Standard will be maintained unless protected by insulating sleeving or tubing.

8.2.13.3 All splices and connections shall be mechanically secure and shall be arranged so that there is
no strain on the connections and terminals.

8.2.13.4 A splice shall be provided with insulation equivalent to that of the wires involved.
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8.2.13.5 A wireway shall be smooth and free from sharp edges, burrs, fins, moving parts, and the like
that can cause abrasion of the insulation on conductors.

8.2.13.6 A hole through which insulated wires pass in a sheet metal wall within the enclosure of the
equipment shall be provided with a smooth, well-rounded bushing or shall have smooth, well-rounded
surfaces upon which the wires can bear to reduce the risk of abrasion of the insulation. See Clause
8.2.13.8.

8.2.13.7 A bushing employed at the opening mentioned in Clause 8.2.13.6 shall be glass, hard fibre,
phenolic composition, cold-moulded composition, thermoplastic composition, or the equivalent. A bushing
of neoprene having acceptable characteristics, including aging and resistance to mechanical damage,
may be employed. A metal eyelet or grommet having a smooth, rounded surface on which the wire or

cable can bea

8.2.13.8 For
the conductor
properties, all
See Clause 8.|

may be used in place of a bushing.

other than control circuits, or constructions described in Clauses 8.2.48.9 an

d 8.2.13.10, if

5 of an alternating-current circuit pass through a wall or partition of metal ha
bf the conductors of the circuit, including the neutral, shall be rundhreugh the g
P.13.6.

8.2.13.9 With reference to the requirement in Clause 8.2.13.8, ,the) conductors may

individual ope
conductors m
metal wall su
placed across

8.2.13.10
of magnetic m
current equal
through at lea
the interposed
conductors.

8.2.13.11 Co
division of tots

nings in a wall or partition if the openings are conneeted by slots cut in the m
y be run through individual openings in an insulating‘block used to cover an
iciently large for all the conductors of the circuit.if no metal bracket, brace,
the insulating material between the conductors;»See Figure 4.

If the neutral conductor of a circuit is separated from the phase conductors by a

aterial, the construction shall be testeéd to determine whether adverse condi
to the current rating of the phase-¢onductor, but not greater than 600 A, sh
5t one of the phase conductors.and the neutral conductor. Temperature rises
magnetic material shall not\éxceed 20 °C where the material is likely to be

nductors may be run. in parallel provided the arrangement is such as to
| current among allyconductors involved. All of the parallel conductors shall b

length, the safe conductor material, cross-section area, and insulation type, and all shall te]

same manner
have the samg

Where conductors are run in separate raceways or cables, the raceways 0
physical.eharacteristics.

rnal wiring shall not be in contact with bare live parts of opposite polarity or

ing magnetic
lame opening.

pass through
etal wall. The
bpening in the
or the like is

complete path
ions result. A
all be passed
measured on
contacted by

provide equal
e of the same
rminate in the
r cables shall

with bare live

ﬁrcuits.

8.2.13.12 In
parts of other
8.2.13.13

Internal wiring shall not be in contact with heat-generating components such as power

resistors, fuse bodies, heat sinks, etc., or moving parts where movement can cause an inadvertent
insulation degradation.

8.2.13.14 Conductors in an assembly intended for use in a complete enclosure shall be insulated for the
highest voltage normally occurring between such conductors unless

a) the wires are grouped so as to segregate the several voltages; or

b) the circuits involving the wires rated at the lower voltage(s) do not extend beyond the complete
enclosure.
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8.2.13.15 Except as specified in 8.2.13.16, other than for required interconnections and control wiring,
only those conductors intended for termination in a vertical section shall be located in that section.

8.2.13.16 Conductors may transverse horizontally through vertical sections if such conductors are
isolated from the busbars by a barrier. An insulating barrier shall comply with 8.2.28, Insulating Barriers.

8.2.14 Protection of internal primary and secondary control circuit conductors

8.2.14.1 Except as specified in Clauses 8.2.14.2 to 8.2.14.4, conductors of control circuits that are
connected to the load side of the motor branch-circuit short-circuit protective device shall be protected
against overcurrent in accordance with Table 12 by protective devices located within the controller unit.
Overcurrent protective devices shall be provided in each ungrounded conductor.

8.2.14.2 Ad
instantaneous

litional protection shall not be required if the rating, or the trip setting.ipr t
-trip circuit-breaker, of the intended motor branch-circuit short-circuit protectiv

more than the¢ applicable value specified in Table 4 and the controller unit is marked in ag

Clause 6.3.53.

8.2.14.3 The¢ protective device need not be assembled as part of the controller if

a) the
enclos

b) the

8.2.144 Sh
connection e
parts of oppof

8.2145 A
circuit overcu

manufacturer makes available an accessory kit interided for installation in
ure;

motor control center unit is marked in accordanee with Clause 6.3.50.

brt direct leads approximately 305 mm (12 in) long or printed-wiring assemb
ternal to the center and having not mere than casual contact with insulated
ite polarity or with grounded parts need not be so protected.

rotective device specified innClause 8.2.14.1 shall be either a supplementar
rrent-protective device. Afuse shall be factory installed in a supplementary f

may be omifted if a branch-circuit-type fuseholder is provided. The controller shall

accordance w

8.2.14.6 On
used. If fuses

ith Clause 6.3.54.

y overcurrent-protective devices acceptable for the available fault currents in
are used, the\fuseholder shall be appropriate for the fuse used.

8.2.15 Control-circuit transformer protection

8.2.15.1 Ex

he case of an
e device is not
cordance with

the controller

lies having no
or uninsulated

y or a branch-
useholder, but
be marked in

olved shall be

npf as Qpnpifind in Clause 82152 the control-circuit transformer primnry p:

windings shall be protected by one or more of the following types of overcurrent protection:

nd secondary

a) an individual overcurrent device or devices located in the primary circuit that are rated or set as
specified in Table 13. Overcurrent protective devices shall be provided in each ungrounded
conductor;

b) secondary circuit protection rated or set at not more than 125 % of the rated secondary current
of the transformer, with the primary feeder circuit having protection rated or set at not more than

250 %

of the rated primary current of the transformer;

c) a coordinated thermal overload protection arranged to interrupt the primary circuit, provided the
primary circuit overcurrent device is rated for or set to open at a current of not more than

1) for transformers having not more than 6 % impedance, 6 times the rated
transformer;

current of the
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2) for transformers having more than 6 % but less than 10 % impedance, 4 times the rated

current of the transformer.

8.2.15.2 Overcurrent protection need not be provided if

a) the transformer supplies a Class 1 power-limited, Class 2, or Class 3 remote-control circuit;

NOTE In

Canada, Class 3 wiring is not applicable.

b) the transformer is rated less than 50 VA, is inherently protected, and is an integral part of the
motor controller;

c) the primary feeder circuit overcurrent device provides the required protection; or

d) the
of Ann

i

rotection is provided by other means that comply with the applicable requirem
x C.

8.2.15.3 With respect to Clause 8.2.15.1 b), if the rated secondary current of.a transfor

more, the curr

bnt rating of the secondary overcurrent device may be as indicatedin Table 14

If the rated prifnary current of the transformer is 9 A or more and 125 % ofithis current does n

to a standard
device shall b
circuit-breaker

82154 A (
overcurrent de

a) the {

rating of fuse or nonadjustable circuit-breaker, the next’higher standard rating

ents in item 1

mer is 2 A or

pt correspond
of protective

b used. For applications in Mexico and the US, standard ratings for fuses and inverse-time

s are specified in Annex C, item 1.

ontrol transformer and its primary and.Secondary conductors may be
vices located only in the primary circuit, provided

ransformer is single phase and has only a two-wire (single voltage) secondary

b) the naximum value of an intended overcurrent device is determined in accordang

8.2.15.

c) the 1
the val
by the

8.2.15.5 The
protection and

8.2.16 Field

1,

haximum value of an intended overcurrent device as determined in item b) do
e of the overcurrent\device obtained from Table 12 for the secondary condu
secondary-to-primary voltage of the transformer.

same oyercurrent protective device may be used for both control-circu
primary=eircuit conductor protection where its rating satisfies each requiremen

protected by

e with Clause

BS not exceed
ctor multiplied

t transformer
t.

wiring terminals

8.2.16.1

A terminal (i.e., a pressure wire connector or wire-binding screw) shall be provided for

connection of each conductor intended to be installed in the motor control center in the field. A wire-
binding screw shall be acceptable for securing a 5.3 mm (10 AWG) or smaller conductor only. This
requirement does not apply to

a) the main connections of a section specifically constructed for the connection of bus bars;

NOTE A section having a rectangular opening in the enclosure adjacent to the ends of main bus bars is considered to be

specifica

lly designed for the connection of the bus bars.

b) connectors, as provided in Clause 8.2.16.4.

8.2.16.2 An incoming line (supply) terminal shall be capable of securing the smallest conductor, or group
of conductors in parallel, of standard cross-section area having an ampacity, as specified in Table 18,
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acceptable for the rated current of the motor control center. Unless otherwise specified, the rated current
of the motor control center shall be considered to be equal to the rating of the horizontal power bus.

8.2.16.3 Motor control center units shall be provided with wiring terminals for the

connection of

conductors having an ampacity, as specified in Table 18, not less than the larger of the following:

a) the ampere rating of the product;

b) 125 % of the full-load motor current specified in Table 15, Table 16 and Table 17 for the

horsepower rating or 125 % of the motor current rating;

c) 125 % of the ampere rating of the devices intended to control a continuous fixed electric heating

equipment load:;

d) 13§ % of the nominal capacitive current rating of the devices intended to switch
power|factor correction.

8.2.16.4 A pressure terminal connector, including one that is compression-tool-apg
connection to| line or load need not be provided for equipment with field wiring larger tha
AWG) if the cpnstruction complies with the following conditions:

a) Component terminal connectors are available from the_&quipment manufacture
one orfmore are specified for field installation on the equipment.

b) A fgstening device, such as a stud, nut, bolt, spring or flat washer, or the like, that

capacitors for

lied, for field
1 5.3 mm? (10

F as a kit, and

is required for

installation is provided as part of the component terminal assembly, or is mounted on or separately

packaged with the equipment.

c) Thelinstallation of the terminal assembly @oes not involve the loosening or disass¢mbly of a part

other than a cover or other part giving access to the terminal location. The means fq
terminpl connectors shall be accessiblefor tightening before and after installation of {

d) If the pressure connector previded in a component terminal assembly requires th
than an ordinary tool for securing the conductor, instructions referencing use of th
included with the component.assembly or with the equipment.

e) Insthllation of a preéssure terminal connector in the intended manner shall result in
complies with the requirements in this standard.

f) The equipment’is marked in accordance with Clause 6.3.41.

r securing the
he conductor.

e use of other
e tool shall be

a product that

8.2.16.5 Withreference to the requirements in Clauses 8.2.16.2 and 8.2.16.3, the sizes o

f field-installed

conductors (see Table T8) shall be determined as follows:
a) wire rated 75 °C in the 53.5 mm? (1/0 AWG) and larger sizes;

b) wire rated 60 °C in the 42.4 mm? (1 AWG) and smaller sizes, except 75 °C wire if
is marked for 75 °C in accordance with Clause 6.3.33 and has been found acc
temperature test;

c¢) aluminum wire at any terminal identified on a wiring diagram or the like as being

the equipment
eptable in the

acceptable for

use with such wire, whether or not that terminal is also identified as being acceptable for use with

copper wire. See Clauses 6.3.28 t0 6.3.42.

8.2.16.6 A wiring terminal shall be located so that

a) it is accessible for examination, and
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b) connections can be tightened or wires removed without loosening any screws that secure bus
bars, switches, circuit-breakers, fuseholders, or the like.

8.2.16.7 The requirements in Clauses 8.2.16.2 and 8.2.16.3 shall not preclude use of a connector that
also accommodates a wire or wires of a size or sizes different from that specified in Clauses 8.2.16.2 and
8.2.16.3.

8.2.16.8 A wiring terminal of a device that is marked in accordance with 6.3.35 on either the wiring
terminal or on the wiring diagram for wire of the next larger size than the size required by the current rating
of the device shall be capable of securing both the smaller and the larger of the two wire sizes.

8.2.17 Optional field installed incoming supply connections for 90 °C ampacity conductors

8.2.17.1 Wh
and not direct

bre field-installed incoming supply conductors connect to a suitable length g
y to devices, it is permissible to allow a 90 °C ampacity rated conductor,to be

the motor confrol center, which would otherwise not be permitted by the allowable terminatio

rating of the ¢
Clause 8.2.17

evices themselves. Suitability for 90 °C ampacity shall be determined in ac
2 and 8.2.17.3. The incoming supply connections shall additionally be suite

ampacity cond

NOTE: For exam
connected directl
connect to a lengf
cross-section to d
allowable values i

8.217.2 An

uctors as required elsewhere in this Standard.

le, a 1000 A circuit breaker is rated for a maximum of 75 °C ampacity conductors. Incoming
h of bus and then the bus is connected to the circuit breaker; then provided that the bus is of a s

|ssipate sufficient heat, and if testing proves the termination\temperature at the circuit breaker dog
h Table 29, 90 °C ampacity conductors may be used to connect to the bus.

hdditional temperature-rise test in accordance with Clause 9.3 shall be cond

that the incoming line conductors to be used for_the test shall have a temperature rating

90 °C.

8.2.17.3 An
conducted, ex
based on 90 °

8.2.17.4 The

8.2.17.5 Cor
termination te
for an ampacit]

8.2.18 Pressurewireconmnectors

8.2.18.1

g

additional short-circuit test)(bus structure) in accordance with Clause
cept that the incoming lime;conductors to be used for the test shall be sized fo

N
L .

motor control center shall be permanently marked in accordance with Clause |

nectors for \field-installed incoming supply conductors shall be suitable
mperature rating and shall be capable of securing conductors in accordance
y based-on 90 °C.

f internal bus
connected to
N temperature
cordance with
ble for 75 °C

pply conductors

S
to the circuit breaker cannot exceed the allowable ampacity/for75 °C conductors. If those cc\[-rlxductors instead

itable length and
s not exceed the

ucted, except
no less than

.10 shall be
r an ampacity

5.3.34.

for a 90 °C
with Table 29

terminal shall comply with item 6 or 17 in Annex C.

A pressure wire connector provided with or specified for use with equipment as a field-wiring

8.2.18.2 The tightening torque for a field-wiring terminal shall be as specified by the equipment
manufacturer, as required by Clause 6.3.36. The specified tightening torque shall not be less than 90 % of
the value employed in the static heating test on the wire connector for the wire size required for the
ampere rating of the motor control center. The tightening torques for wire connectors for use with copper
conductors are specified in item 6 or 17 in Annex C.
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8.2.19 Service equipment for use in Mexico and the United States (See Annex G)

8.2.19.1 A motor control center section or unit marked for service equipment use shall be provided with
both overcurrent protection and disconnecting means for the service conductors. Where used as service
equipment, each motor control center shall be provided with a single disconnecting means to disconnect
all ungrounded service conductors. A second service disconnect shall be permitted to supply additional
equipment in accordance with Clauses 8.2.19.7 and 8.2.19.8.

8.2.19.2 A motor control center section or unit marked for service equipment use shall comply with
Clause 6.3.12.2.

8.2.19.3 A motor control center section or unit marked for service equipment use shall be provided with a

grounding ele
neutral servic

8.2.19.4
and a groung

conductor terminal need not be located in a section marked for service equipment use.

8.2.19.5 In

conductors m
sections from
marked for se

8.2.19.6 Ins
bus bars and
service disco
load terminal
neutral-discor

8.2.19.7 An
disconnect in

8.2.19.8 Th¢ two motor coptrol center sections referenced in 8.2.19.7 shall be separate

The barrier sh

8.2.20 Serv

In @ multi-section motor control center, only one section need contain.a-main b

ctrode conductor terminal, and if a neutral is provided, with means for disq
b conductors and with a main bonding jumper.

ing electrode conductor terminal. The main bonding jumper afd,‘the groun

h multi-section motor control center, means for disconnecting the neutral frg

Ay be located in only one section if it disconnects all the‘outgoing neutral condy

rvice equipment use.

motor control center marked as being acceptable for use as service equipme
ferminals on the line side of a service disconnect shall be isolated by a barrier

nects in the off position, no uninsulated live part is exposed to contact while
including a neutral-load terminala branch-circuit equipment-grounding te
nect link.

hotor control center provided with more than one service disconnect shall hav
a separate motor control Center section.

all comply with'the requirements in Clause 8.2.10.2.

ce equipment for use in Canada (See Annex G)

8.2.20.1 A

otor” control center intended for use as service equipment shall comply

onnecting the

onding jumper
ding electrode

m the service
ctors in all the

the service conductors. The neutral disconnecting/means need not be locatg¢d in a section

nt, uninsulated
50 that, with all
servicing any
rminal, or the

e each service

d by a barrier.

with Clauses

8.2.20.2 to 8.220tAand-Crause 6-3-12:

8.2.20.2 A motor control center intended for use as service equipment shall be provided with wiring leads
not smaller than 8.4 mm? (8 AWG) or with terminals acceptable for the connection of 5.3 mm? (10 AWG) or
larger conductors.

8.2.20.3 The electrical spacing on the supply side of the main overcurrent protection in a motor control
center intended for use as service equipment shall comply with Table 19.

8.2.20.4 Equipment marked for service use as described in Clause 6.3.12 shall have a single, load-rated,
manually operable service-disconnecting fused switch or circuit-breaker that opens all ungrounded
conductors.
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8.2.20.5 The service-disconnecting means and its associated overcurrent devices shall be located in a
separate compartment.

8.2.20.6 Associated equipment that must, by its operation, be connected to the line side of the main
switch or circuit-breaker, such as phase-failure/phase-reversal relays, shall be protected by overcurrent
devices having an interrupting rating equal to or greater than the service entrance unit short-circuit current
rating. There shall be a means for disconnecting the circuits ahead of these overcurrent devices. A circuit-
breaker or dead-front fuse assembly is deemed to satisfy both requirements.

8.2.20.7 Incoming service conductors shall be capable of being connected to the line side of the main
switch or circuit-breaker without passing through compartments or raceways containing conductors
connected to the load side of the main switch or circuit-breaker.

8.2.20.8 Th{re shall be provision for locking and sealing the service-disconnecting swikch or circuit-
breaker compartment to prevent access by unauthorized persons.

8.2.20.9 The handle of the service-disconnecting switch or circuit-breaker shall"be lockable in the OFF
position.

8.2.20.10 A [compartment provided for supply authority use shall be’ lockable or have| provision for
sealing and shall be marked as specified in Clause 6.3.27.

8.2.20.11 Equipment intended to function as service equipment on ac services involving @ neutral shall
be provided with a neutral assembly located within the service-disconnecting compartment. The neutral
assembly shall be provided with an adequate number of.suitable pressure-terminal connectgrs, clamps, or
other approvedl means for connecting the following:

a) the ihcoming (grounded) neutral conductor;

b) the gorresponding outgoing (load) connector, if any;
c¢) the gervice-grounding conductor;

d) the honding conductor to-the enclosure;

e) the honding conductor to the service conduit (or equivalent).

The connectign meansyshall be grouped together and shall utilize pressure-type wire conpectors for all
field-made terfninations. Terminal sizes shall be determined in accordance with Table 19 and Table 20 of
the Canadian Electrical Code, Part I.

8.2.20.12 With reference to item d) of Clause 8.2.20.11, the specified bonding connection may be
omitted and a nonferrous screw provided for bonding the enclosure to the neutral bar (convertible neutral).
The screw shall be not less than No. 10 for switches rated 100 A or less, 6.3 mm (0.25 in) diameter for
switches rated over 100 A and up to and including 225 A, and 7.9 mm (0.31 in) diameter for switches rated
over 225 A and up to and including 400 A.

8.2.20.13 The neutral assembly described in Clause 8.2.20.11 shall be insulated from the enclosure,
bonded to the enclosure before shipment, and marked in accordance with Clause 6.3.70.

8.2.20.14 Ground-fault protection and ground fault indicating equipment shall comply with the
requirements of Annex C, item 1. (See Section 14 of Annex C, item 1).
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8.2.21

8.2.211

Ground-fault protection (See Annex G)

Means shall be provided to lock a control circuit disconnect for ground-fault protection in the

energized position. A pilot light shall be provided to indicate that the ground-fault protection control circuit
is energized. The pilot light shall be visible with all covers in place.

8.2.21.2 A locking means or pilot light shall not be required for a circuit breaker or switch in the power

circuit that als

8.2.21.3

o serves as the control circuit disconnect.

If the ground fault protector is actuated by the fault current so that no separate control circuit is

required, a pilot light or means to lock the control circuit disconnect in the on position shall not be required.

82214 The pilot light need not be visible on the outer cover of a Type 3R enclosure.

8.2.21.5 Ex
service equip
to ground, bu
each service
equipment p
conductors of
the maximum

8.2.21.6 For
provided in sd

8.2.21.7 Grg
a) ider
b) iden
c) ing

d) ide
protec]

8.2.21.8 If g
intended for |
separate sect

ept as noted in Clause 8.2.21.7 c¢), a motor control center section or. unit mar
ment for 3-phase, 4-wire, solidly grounded wye-connected services-rated in e
t not exceeding 1 000 V phase-to-phase, shall be provided withiground-faul
disconnecting means rated 1 000 A or more. The ground.fault sensing
ovided shall operate to cause the service-disconnecting<means to open 3
the faulted circuit. The maximum setting of the ground-fault protection shall b
time delay shall be 1 s for ground fault currents equatto.or greater than 3 000

lidly grounded circuits rated 150 V or less to grouind and 2 000 A or more (see

und-fault protection need not be provided for a motor control center section or
tified for use only on a 3-phase, 3-wire supply;

tified for use on systems that.are not solidly grounded;

ccordance with Clause 6.3.17 or 6.3.18; or

ntified for use in-atseparate building or a structure on the property wher
lion is providedratthe service entrance.

service-disconnecting means rated 1 000 A or more is provided with a sh
se with{ground-fault protection, the ground fault sensor and relaying equipme
on ofithe motor control center if several sections are intended for use in a grou

ked for use as
cess of 150 V
protection for
and relaying
Il ungrounded
b 1200 A, and
A

motor control centers intended to be installed-in- Canada, ground-fault protg¢ction shall be

Annex G).

unit that is

e ground-fault

unt trip that is
nt may be in a

p.

8.2.21.9 Withregardto Clause 8.2.271.8, the rating of a service-disconnecfing means shall
as specified in item a), b), or ¢) as follows:

e determined

a) For a fused switch, the rating of the disconnecting means shall be determined by the largest fuse
that can be installed in the switch.

b) For a circuit-breaker frame with an interchangeable trip unit, the rating of the disconnecting
means shall be determined by the rating of the factory-installed trip unit.

c) For a circuit-breaker with a non-interchangeable trip unit, the rating of the disconnecting means
shall be determined by the rating of the circuit-breaker with the adjustable pickup, if provided, set at
its maximum value.
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8.2.21.10 If ground-fault protection is provided, though not required as specified in Clause 8.2.21.5, it
shall comply with the requirements for the installation of ground-fault protection equipment in this standard
(see Annex G).

8.2.21.11 If ground-fault protection is provided, though not required as specified in Clause 8.2.21.5, and
if it is marked in accordance with Clause 6.3.19, then the ground-fault protection may initiate an audible or
visual signal rather than open a source intended for a legally required standby system or a 3-phase, 4-wire
service that is wye-connected and impedance grounded (see Annex G).

8.2.21.12 A ground-fault-protection system that uses a sensing element that encircles the neutral
conductor (if any) and all ungrounded conductors of the protected circuit (zero sequence type) shall be
installed in such a manner that the sensing element is located on the load side of any grounding or
bonding conngctions to the neutral. It may be on the line or load side of the disconnecting [device for the
protected circyit (see Annex G).

elements for
8 manner that
hection to the
ing device for

8.2.21.13 A ground-fault-protection system that combines the outputs of separate, sensing
the neutral (if §ny) and each ungrounded conductor (residual type) shall be installed in such
the neutral sepsing element is located on the load side of any grounding.er bonding con
neutral. The upgrounded conductor sensors may be on the line or load sidé of the disconnec
the protected ¢ircuit (see Annex G).

8.2.21.14 A

current (grour
current that fig
connections W

ground-fault-protection system that uses a single sensing element to detect the actual fault
d return type) shall be installed in such a manner that the sensing elemerft detects any
ws in the grounding electrode conductor, the main bonding jumper, and any other grounding
thin the motor control center section that can’be made to the neutral (see Anngx G).

8.2.21.15 If the design of ground fault sensing and;¥elaying equipment is such that a rese
required to regtore the equipment to functional stafus following operation due to a ground fa
design shall be such as to prevent reclosufe of the tripped disconnect until the reset
performed, or puch means shall be incorporated in the disconnect device (see Annex G).

¢t operation is
ult or test, the
operation is

8.2.21.16 The primary of a ground-fault protection control circuit transformer may be conpected on the
line or load side of the main overcurrent protective device or may be connected to an external source. The

primary of sugh a transformer( shall be connected to two line-voltage points (not line a
connected to the line side of the' main or to an external source, a fused disconnect switch or

nd neutral). If
ircuit-breaker

rated for use as service equipment and providing overcurrent protection rated as specifigd in Clauses

8.2.14 and 8.4.15 shall-bé& installed ahead of the transformer or control circuit. Overcurrent p
not be requirgd for_the-control circuit if wired to the load side of the main overcurrent pro
unless the control, circuit wiring (other than from a ground fault sensor) leaves the section

rotection shall
ective device
or the control

circuit containg*a_snap switch. Markings as specified in Clause 6.3.45 or 6.3.47 shall be

rovided if the

transformer is not connected to the load side of the main disconnect (see Annex G).

8.2.21.17

In a motor control center section or unit not marked for use as service equipment, the fused

disconnect switch specified in Clause 8.2.21.16 may be replaced with a fuseholder as specified in Clause

8.2.25.1.
In Canada, this requirement does not apply.
8.2.22 Neutral disconnecting means

8.2.22.1
equipment use, means shall be provided for disconnecting the neutral service conductors.
incorporated in the disconnecting means referred to in Clause 8.2.19.1 or shall be

In a motor control center section or unit that has a neutral and that is marked for service

This shall be
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a) a disconnect link;

b) removal of the conductor from its terminal; or

c) removal of the terminal.

(See Annex G.)

8.2.22.2 The disconnecting means shall be on the load side of the grounding electrode conductor
terminal and of the main bonding jumper. (See Annex G.)

8.2.22.3

In a multi-section motor control center the neutral disconnecting means may be located in

another secti

N as speciiied by Llause 6.2.19.4. (See Annex .)

8.2.22.4 The disconnect link mentioned in Clause 8.2.22.1 shall take the fornmof a |

conducting pi
single bus ba
if there is no b

8.2.225 Ad
with any unin
while the link
without the ng
link). (See An

ece, designed to make connection between two terminals. Simpleremoval ¢
joint shall not satisfy this requirement. A splice bus may be usedcs.a neutral
ranch circuit leaving the first section in the group. (See Annex G.)

isconnect link shall be located, guarded, recessed, or enclesed so that uninte
bulated, ungrounded part on the line side of the main switch or circuit-breaker

is being removed or replaced. The neutral disconnect link shall be accessih
ed for loosening any screws or bolts that secure.bus bars (other than those of
hex G.)

8.2.22.6 The¢ disconnect link shall be accessible without opening a compartment intended {

otherwise ren
8.2.23 Equi

8.2.23.1
means

Hered inaccessible by the serving agency (electric utility or power company). (§

pment on supply side of disconnect

The following equipment may:be connected to the supply side of the service

a) me

b) in
devic
and s

c) co
protec

Is;

rument transformers (current and potential), high-impedance shunts, su
s identified.for use on the supply side of the service disconnect, load manags
rge arresters located in the motor control center;

nk, or similar
f bolts from a
lisconnect link

htional contact
loes not occur
le for removal
he disconnect

o0 be sealed or
bee Annex G.)

rdisconnecting

rge-protective
ment devices,

trol\Circuits of power-operable service-disconnecting means, including

d) in Mexico and the United States, connections for a fire pump controller.

(See Annex G.)

For Canadian

fire pump controller requirements, see Annex E.

8.2.24 Multiple source motor control centers

8.2.241

ground-fault

Unless intended for parallel operation, the disconnect identified in Figure 5 and Figure 6 as the

tie-breaker shall be provided with mechanical, keyed, or electrical interlocking with the service disconnects
shown in the figures so that sources cannot be paralleled (see Annex G).
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8.2.24.2 With the exception specified in Clause 8.2.24.3, a circuit-breaker marked "line and load" or a
fused switch shall not be used as a tie-breaker or tie-disconnect.

8.2.24.3 A fused switch may be used as a tie-disconnect or source disconnect if both ends of each
fuseholder are disconnected from either voltage source when the switch is in the OFF position.

8.2.25 Cartridge fuse disconnecting means

8.2.25.1 In Mexico and the United States, a disconnecting means shall be provided on the supply side of
cartridge fuses unless

a) the motor control center section is not marked for use as service equipment;

b) the fuse(s) are provided in an instrument circuit or control circuit, and it can be dempnstrated that
the fusg is accessible only to qualified personnel (for example, by being located.behind a screwed-
on cover or a locked cover), and a marking as specified in Clause 6.3.47 is-provided|in the case of
a motor control center with a main disconnect.

8.2.25.2 In Janada, a disconnecting means is required on the supply side.of all cartridge fuses.

8.2.25.3 Extfactable deadfront fuseholders shall be acceptable as\the disconnecting megns for control
and instrumentation circuits.

8.2.26 Unit-disconnecting means

8.2.26.1 Uni{ disconnects of a combination motor cantroller or motor control unit shall haye a minimum
ampacity of 115 % of the full-load motor current and*horsepower ratings for the ratings agsigned to the
unit. See Tablg¢ 15, Table 16 or Table 17.

8.2.26.2 A s\itch or circuit-breaker shall be-installed so that the center of the grip of the opérating means
(an external handle, extension, or chaip)'of the switch or circuit-breaker, when in its highest position, is not
more than 2 m (6 ft, 7 in) above the floor or working platform. If the handle grip is not clearly defined, the
center of the handle grip shall be considered to be a point 76 mm (3 in) in from the end of thefhandle.

8.2.26.3 A upit intended for.nstallation in the field and requiring an extension, chain, or $imilar means
shall be provided with such-means or shall be marked as indicated in Clause 6.3.62.

8.2.26.4 If a[circuit-breaker handle or switch, as installed in a motor control center, is operpted vertically
rather than rotgtiohally or horizontally, the UP position of the handle shall be the ON position.

8.2.26.5 If a manual motor controller is used within a motor control center, it shall be provided with a
separate disconnecting means.

8.2.26.6 Provision shall be made for locking the disconnecting device in the open position when the door
is closed. The design shall be such that the disconnecting device is open and the handle position indicator
shows “open” before locking can be accomplished.

8.2.27 Electrical spacings

8.2.27.1 Spacings in a motor control center shall be as specified in Clauses 8.2.27.2 to 8.2.27.14, Table
19, and Table 20.

8.2.27.2 Spacings at all horizontal and vertical buses, at incoming terminals or service-entrance
compartments, at the plug-in portion of all units, and at feeder units consisting of fusible disconnect
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switches or circuit-breakers only, having other than horsepower ratings, shall be as specified in Table 19
(see Annex G).

8.2.27.3 In Mexico and the United States, if the enclosure or ground bus is factory bonded to the neutral
as specified in Clauses 8.2.33.1 and 8.2.33.5, any conductive part connected to the neutral that would
interfere with the operation of a ground-fault protection system, if in contact with the enclosure, shall be
insulated and provided with at least 3.2 mm (0.125 in) spacings through air or over surface to the
enclosure. Parts that can interfere with operation of a ground-fault protection if grounded include

a) for zero sequence type ground-fault protection or residual type ground-fault protection, all
neutral parts on the load side of the neutral current sensing means;

i those on the

See Annex G

NOTE In Canadg, this clause does not apply.

8.2.27.4 The¢ values in Table 19 are based on the following assumptions:

a) Theg
line vo

voltage from a live part, other than the neutral, to grounded dead metal equgls the line-to-

[tage of the system.

b) The
the sy

voltage from a neutral live part to grounded dead metal equals the line-to-nelitral voltage of
Stem.

c) Spacings at a fuseholder are measured-with a fuse of the maximum standard dimensions,

including the maximum projections for assembly screws and rivets, in place. Dimer]sions of fuses
and fuseholders are specified in the applicable requirements for fuses. See Annex|C, item 8 and
items 8 — 26.

8.2.27.5 Spdcings shall be measured with all field-wiring terminals unwired and then wired with

conductors determined in accordance with Clauses 8.2.16.3 and 8.2.16.5.

8.2.27.6 The¢ spacing at a_field-wiring power-circuit terminal shall be measured with wire of the

appropriate s
terminals acc
size than that

ze for the rating connected to the terminal as in actual service. The connec
bmmodate/it properly or the device is not marked to restrict its use, shall be
normally-required.

ed wire, if the
he next larger

8.2.27.7 Ten

Mminals and other parts intended to be connected to the grounded conductor o

f a circuit shall

be considered to be uninsulated live parts unless such parts are mounted directly on or in permanent
electrical connection with grounded dead metal.

8.2.27.8 In measuring spacings between an uninsulated live part and a bushing installed at a knockout, it
shall be assumed that a bushing having the dimensions specified in Table 21 but without a lock nut inside
the enclosure is in place.

8.2.27.9 Except as specified in Clause 8.2.27.10, spacings of a component serving as the service
disconnect shall comply with Table 19 (see Annex G).

8.2.27.10 Spacings within a circuit-breaker or a moulded case switch shall be in accordance with the
requirements applicable to that component.
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8.2.27.11 Spacings within all combination motor control units, including the load terminal boards, if
provided, shall be as specified in Table 20. Other units shall be judged according to their respective
standards.

8.2.27.12 Except as required by 8.2.27.2, spacings in a component, such as industrial control
equipment, a clock-operated switch, and the like within a motor control center, and located on the load
side of the service disconnect and overcurrent protection shall comply with the requirements applicable to
that component, except that the spacings to the overall enclosure (other than inherent spacings) and
spacings between individual components shall comply with Table 20.

8.2.27.13 A wire connector shall be prevented from turning in such a way that spacings become less
than the minimum acceptable values. The means for turn prevention shall be reliable, such as a shoulder
or boss; a loc washer alone shall not be used.

8.2.27.14 Mgans to prevent turning as mentioned in Clause 8.2.27.13 need not be provided if spacings
are not less than the minimum acceptable values

a) wheh the connector, and any connector of opposite polarity, have.each been turngd 30° toward
the othgr;

b) wheh the connector has been turned 30° toward other opposite-polarity live parfs and toward
grounded dead metal parts.

8.2.28 Insulating barriers

8.2.28.1 Th¢q liner or barrier referred to in Clause$.8.2.28.2 to 8.2.28.6 is insulating [ material that
separates uninsulated live parts of opposite polarity er'separates an uninsulated live part from a grounded
dead metal part (including the enclosure), where’ the through-air spacing between thg parts would
otherwise be Igss than the minimum acceptable-value.

8.2.28.2 A barrier that comprises the sdle-separation or that is used in conjunction with an pir space less
than 0.33 mm | 0.013 in) shall comply with items a) — e). The barrier shall be:

a) of mpterial as indicated.below:
1) as covered in-Clause 8.2.7.1; or

2) electrical grade (vulcanized) fiber if used as a barrier between the enclpsure and an
uninsulated live part electrically connected to a grounded circuit conductor (neptral); or

3).based on the end-product tests specified in Reference Item 9 in Anngx C (Not for
Canada).

b) of such strength to withstand the stress associated with normal handling, installation, and
use of the equipment;

c) secured in place;

d) located so that it will not be adversely affected by operation of the equipment in service; and
e) have a minimum thickness of 0.71 mm (0.028 in).

1) Material other than vulcanized fiber may have a thickness less than 0.71 mm (0.028 in) if
it withstands a 60 hertz dielectric-withstand voltage of 5 000 V applied in accordance with
the requirements in Clause 8.3.
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8.2.28.3 A barrier used in conjunction with a minimum air space of 0.33 mm (0.013 in) shall comply with
a) —e). The barrier shall be:

a)ofa

material as covered in Clause 8.2.7.1, or as follows:

1) vulcanized fiber with a minimum thickness of 0.71 mm (0.028 in) and used
with @ minimum 0.8 mm (0.031 in) air space or

2) a barrier based on the end-product tests specified in Reference Iltem 9 in
for Canada).

in conjunction

Annex C (not

b) of such strength to withstand the stress associated with normal handling, installation, and

use of
c) sec
d) loce

e)ofa

8.2.284 A
be employed

a) at 3
throug

b) at 4
throug

ired in place;

the equipment,

ted so that it will not be adversely affected by operation of the equipment in se

minimum thickness of 0.71 mm (0.028 in):

it withstands a 60 hertz dielectric-withstand voltage 0f'5 000 V applied in ag
the requirements in Clause 8.3.21.

2) Material other than vulcanized fiber used in.conjunction with an air space
of the required through-air spacing may have, a thickness:

i) no less than 0.33 mm (0.013 in); or

ii) less than 0.33 mm (0.013\in) if it withstands a 60 Hz dielectric-withs
2 500 V applied in accordance with the requirements in Clause 8.3.21.

rap of two or more layers,of thermoplastic tape, acceptable for use as sole i
f the tape is not subject to’compression, is not wrapped over a sharp edge, an

point where the §pacing prior to the application of the tape is not less than 1
h-air spacing, the'wrap is not less than 0.33 mm (0.013 in) thick;

point where the spacing prior to the application of the tape is less than 1/
h-air spacing, the wrap is not less than 0.71 mm (0.028 in) thick.

'vice; and

1) Material other than vulcanized fiber may have a thickness less than 0.71 mpm (0.028 in) if

cordance with

of 1/2 or more

and voltage of

hsulation, may
 if

2 the required

P the required

8.2.285 Ifs

pacings would otherwise be less than the minimum acceptable values, therm

bplastic tubing

acceptable for the application may be employed if

a)itis

not subjected to compression, repeated flexure, or sharp bends;

b) all edges of the conductor that are protected with the tubing are rounded and free from sharp
edges;

c) for chemically dilated tubing, a solvent recommended by the tubing manufacturer is used;

d) its wall thickness after assembly is not less than 0.56 mm (0.022 in) for tubing 12.7 mm (0.5 in)
or less in diameter and is not less than 0.71 mm (0.028 in) for larger tubing;

e)itis

not used in a circuit with a voltage greater than its insulation rating.
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8.2.28.6
the generic material used complies with Table 44.

8.2.29 Wiring space
8.2.29.1

General requirements

In Canada, the requirements of Annex C, item 4, shall be permitted.

In applications rated 600 V or less, no additional evaluation of the RTI shall be required when

The space within the enclosure of a motor control center shall provide ample room for the installation and

distribution of wires and cables required for the proper wiring of the device.

8.2.29.2 Wirp deflection and bending

8.2.29.21
barrier or other obstruction that is part of the motor control center shall be as specified in Tal
that if a hole, Knockout, or other provision for connection of a wiring system is provided in the
the terminal, if shall be considered to be obvious that a conductor will enteror exit the encl
that wall, and the wire-bending space shall be as specified in Table 23.

8.2.29.2.2 If
a 90° or S ber
measured fron

A conductor is restricted by barriers, branch-circuit units, or other means from
d from the terminal to any usable location in the.wall of the enclosure, the dis
n the end of the barrier or other obstruction.

8.2.29.2.3 The distance mentioned in Clause 8.2.29:2.1 shall be measured in a straight
edge of the w
terminal shall

to the wall of
turning, such

barrier, should
reduce the rad
be a terminal

is provided wit
measured fron
in position (for
shall be meas

be turned so that the axis of the wiring“opening in the connector is as close to
the enclosure as it can be without defeating any reliable means provided

bs a boss, shoulder, walls of a recess, multiple bolts securing the connector,
er, or the like shall be disregarded when the measurement is being made
ius to which the wire must be bent. The main connection for a neutral shall be
that is, neutral branch-terminals shall not be considered in this determination
h one or more connectors for the connection of conductors in multiple, the dis
n the wire openjng.closest to the wall of the enclosure. If the connectors for a c
example, by.the’walls of a recess) so that they are turned toward each othe
ired at the-wire opening nearest to the wall in a direction perpendicular to the v

8.2.29.2.4
the wire opening“in

hen using Table 22, bending space may be measured in a straight line from

The wire-bending space from a field-wiring terminal to a wall of the enclosute and to any

Dle 22, except
wall opposite
bsure through

being bent in
ance shall be

line from the

re terminal closest to the wall in a direction perpendicular to the wall or bafrier. The wire

perpendicular
to prevent its
or the like. A
if it does not
considered to
. If a terminal
ance shall be
rcuit are fixed
, the distance
all.

the center of
ented so that

the direction the wire leaves the terminal. The connector shall not be or

the wire will Be—¢h
additional bending.

8.2.29.3 Clear wiring space

8.2.29.3.1
moving parts of a switching mechanism, shall be fully adequate for the wiring of the device,
be

a) smaller in width or depth than the values specified in Table 24 and Table 25;

necessitates

The clear wiring space, independent of all projections, obstructions, or interference from

and shall not

b) smaller in total area than 250 % of the total cross-sectional area of the maximum number of

wires that may be used in such space as specified in Table 24 and Table 25.

8.2.29.3.2 The adequacy of wiring spaces shall be judged using
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a) the size and conductor material of a wire used at a terminal in accordance with Clause 8.2.16.5,
except where ampacities are 110 A or less, the size shall be based on 60 °C insulated conductors if
the marking specifies 60 °C or 75 °C wire;

b) the full complement of branch-circuit devices installed in the motor control center necessitating
the largest wiring space.

If a terminal is acceptable for use with two or more combinations of conductors in multiple, each of which is
appropriate for that terminal in accordance with Clause 8.2.16.5, the combination necessitating the largest
wiring space shall be used unless the motor control center is marked in accordance with Clause 6.3.35. If
a terminal is provided for conductors in multiple, the size of each of the conductors shall be based on the
use of multiple circuits. The area occupied by a terminal compartment, as well as the area above such a

compartment
individual tern

8.2.29.3.3 A
damage to wi

8.2.29.34 V|
from sharp ed

8.2.29.3.5 N

8.2.29.36 A
being in the W
thereto will no

8.2.29.3.7 A
recessed bet

corresponding to the rating of the terminall-the top of the terminal is not in contact with g

placed across
protection is

8.2.30 Grou
8.2.30.1

8.2.34 are in
also provided

The groundingtand bonding terms used in Clauses 6.3.57 and 6.3.58 and Cla

bi |a“ IIUt IUU il |biuu'cu' VV;IUII VV;I ;I 1Y spaltt ;D dUtUIIIIiI IUUI, iIUVVUVUI, opJdltc dIUUV
ninal or neutral located in a gutter shall be considered to be available space,

n operating mechanism and its relation to the wiring space shall be such’that i
es with which it can come in contact during its operation.

iring space and other compartments intended to enclose ‘wirés shall be sn
ges, burrs, fins, and the like that may damage the conducterinsulation.

o uninsulated live part shall be located within a wiring.space.
n uninsulated neutral strap with its line connéctions is a live part. It shall be
iring compartment unless covered or located’so that circuit wires other than th

t be brought into contact with it.

n individual terminal shall not be\considered as being in a wiring compa
veen closely fitting walls to suéh a depth that, when wired with a conducf

the walls. More than one\terminal shall not be located in the same recess un
rovided.

nding and bonding

accordance with the UL column in Figure 7. The corresponding CEC and AN
for information.

e or around an

cannot cause

ooth and free

considered as

bse connected

rtment if it is
or of the size
straight edge
ess additional

Ises 8.2.31 to
ICE terms are

8.2.30.2 In(

Canada the rnqnirnmnn’rq of Annex C item 5 _shall 9,".‘,".")’, m(m:pf that the test

current for the

impedance test shall be based on the ampere ratin_g of the device.

8.2.30.3 The marking, when required, for an equipment grounding terminal shall comply with the

requirements

in Clauses 6.3.57 and 6.3.58.

8.2.30.4 There shall be provision for grounding a motor control center section frame or structure.

8.2.30.5 Wh

ere accessible, the following shall be grounded:

a) the case or a frame of an instrument transformer;

b) the case of an instrument, meter, relay, or similar device unless the device is mounted on a
grounded metal surface and secured thereto by means of metal screws to provide an adequate
ground;


https://ulnorm.com/api/?name=UL 852 2021.pdf

48

NMX-J-353-ANCE-2021 ¢ CSA C22.2 No. 254:21 ¢+ UL
845

JUNE 28, 2021

c) the secondary circuit of a potential transformer;

d) the secondary circuit of a current transformer. However, the uninsulated case or frame of a
current transformer that is used exclusively to supply current to a meter and that has a primary that
is not over 150 V to ground need not be grounded.

8.2.30.6

In Mexico and the United States, all exposed dead metal parts, except as specified in Clause

8.2.30.8, and the grounding contact of a grounding receptacle shall be in reliable contact with the means

for grounding.

The resistance shall not exceed

a) 0.1 ohm between the ground bus and either an exposed dead metal part or the grounding
contact of a grounding type receptacle rated 30 A or less;

b) 0.0

(15 ohm between the ground bus and the grounding contact of a grounding re

more than 30 A.

In Canada, th
ground bus wi

8.2.30.7 As
grounded ifit i

8.2.30.8 The
a busway, gro
not exceed 0.
connector for
AWG) aluminy

is test shall not be required. However, the grounding contact shall’be harg
h a minimum 2.1 mm? (14 AWG) wire.

vitch-operating handle or operator-actuated pilot device of‘conducting materiz
5 effectively insulated.

resistance of the connection between adjacent mator control center sections|
und bus, wireway, or an auxiliary gutter and a.metor control center section e
D05 ohm. The resistance between the motor control center section enclosu
a grounding or bonding conductor largerhan 8.4 mm? (8 AWG) copper o
m shall not exceed 0.005 ohm.

8.2.30.9 Paint shall be removed as necessary 1o maintain the resistance within the limit

Clauses 8.2.3

).6 and 8.2.30.8.

8.2.30.10 All
accomplished
equivalent con

8.2.30.11 Th
intended to be
that grounding
unit are enerd

motor control center(units shall have provision for grounding. Groun

tacting both members.

e grounding ‘means between a metal part of a draw-out motor control cent
grounded)-including a feeder-tap unit, and any permanently grounded part
continuity is established at least 3.2 mm (0.125 in) before the disconnects o
ized ‘and is maintained until the disconnects have been de-energized by at

eptacle rated

-wired to the

| need not be

and between
nclosure shall
re and a wire
13.3 mm? (6

s specified in

ling may be

by having the unit in.electrical connection with the section by means of a threaded screw or

er unit that is
shall be such
F the draw-out
least 3.2 mm

(0.125 in).

8.2.31

8.2.31.1

Grounding electrode conductor terminal

In Mexico and the United States, the requirements of Clauses 8.2.31.2 and 8.2.31.3 shall apply.

In Canada, these requirements do not apply. See Annex G.

8.2.31.2 A motor control center section marked for service equipment use and provided with a neutral
shall have a terminal for the connection of the grounding electrode conductor to the neutral bus or to the
ground bus in accordance with Table 26 or Table 27. The connections shall not depend on solder for
securing the grounding electrode conductor. If located on the neutral bus, the terminal shall be on the
supply side of a switching disconnect means or a disconnect link. The terminal may be located in another
section.
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8.2.31.3 The terminal for the grounding electrode conductor shall be accessible without opening a
compartment intended to be sealed or otherwise rendered inaccessible by the serving agency (electric
utility or power company).

8.2.32 Transformer secondary grounding

8.2.32.1 A secondary circuit of a power or control power transformer shall be grounded under any of the
following conditions if the circuit extends or can extend beyond the section in which the transformer is
mounted:

a) if the secondary is less than 50 V and the transformer supply is over 150 V to ground or the
transformer supply at any voltage is ungrounded (for Canada, see Rule 10-104 of Annex C, item

1);

b) if t
maxini

he secondary is 50 V or higher and the secondary circuit can be gfounded so that the

um voltage to ground on the ungrounded conductors does not exceed 150 V;

c) the
Ok

system incorporates a neutral conductor (for Canada, see Rule 10-106-1b of JAnnex C, item

8.2.32.2 In
primary is corj

Canada, a secondary circuit of an instrument transformer shall be grounded where the
nected to circuits of 300 V or more to ground (see Rudle;10-116 of Annex C, item 1).
In Mexico and the United States, this requirement does not apply.

8.2.32.3 If g
8.2.32.2,asy

transformer secondary is required to be'grounded in accordance with Clau
5tem bonding jumper shall be factory connected from the transformer seconda

se 8.2.32.1 or
ry to either the

a) grolind bus;

b) enclosure if a ground bus is not provided; or
c¢) dray-out unit.
8.2.32.4 Exgept as specified(in Clause 8.2.32.5, the size of the system bonding jumper shall be as

specified in T

able 26 and Table 27, based on the transformer secondary current rating.

electrode-con
the ground by

ductor terminal ‘sized in accordance with Table 26 (Columns 4 and 5) shall b
s, if any,-in{the section containing the transformer or in an adjoining section, arj

A grounding-
e provided on
d a marking in

accordance with Clause 6.3.69 shall be provided.

8.2.32.5 Th¢ size of the bonding jumper for a system that supplies a remote-control circuitfand is derived
from a transformer rated no more than 1 000 VA shall be no smaller than the phase conductors and shall
be no smaller than 2.1 mm? (14 AWG) copper or 3.3 mm? (12 AWG) aluminum.

8.2.32.6 Notwithstanding Clause 8.2.32.3, a grounding conductor shall not be required for a system that
supplies a remote-control circuit and that is derived from a transformer rated no more than 1 000 VA,
provided the system grounded conductor is bonded to the transformer frame or enclosure by a system
bonding jumper sized in accordance with Clause 8.2.32.5.

8.2.32.7 In Canada, if the transformer is larger than 1 000 VA, the system bonding jumper shall be
connected to the ground bus.

In Mexico and the United States, this requirement does not apply.
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8.2.32.8

secondary lead or terminal.

If the control circuit must be grounded, the ground connection shall be made at a transformer

8.2.32.9 Where the secondary of a control transformer is ungrounded, provision for grounding shall be

supplied.
8.2.33 Main

8.2.33.1

bonding jumper

The enclosure shall not be bonded to the neutral when the unit is shipped unless the motor

control center is marked for use only as service equipment. However, the enclosure may be bonded to the
neutral as specified in Clause 8.2.32.3 (see Annex G).

8.2.33.2 For
with Clause 6.
to the neutral
and disconne

bonding jumper. The construction shall be such that when the bonding means/is’not used

given in Table

8.2.33.3 An
supply amper
bonding jump
determining th
in another sec|
a switching-ty
Clause 8.2.22

8.2.33.4 The
sealed or othe

8.2.33.5 For
return type as
shall be factor
a ground bus
b). See Annex

8.2.34 Grou

8.2.341 An

!

e size of the main bonding jumper, no credit shall:be given for another main bgnding jumper

a motor control center section or unit marked for use as service equipment i
3.12.2, a main bonding jumper shall be provided to bond the enclosure and th
of an alternating-current circuit. If several sections, each containing évercurn
ction means, are intended to be used in a group, only one section need ¢

19 exist. See Clause 6.3.14 and Annex G.

ain bonding jumper shall be as specified in Table 26,and Table 27, based
rating of any section in the group of sections. The~section neutral bus to w
r is connected shall not be smaller than the required size for the main bond

lion. The connection of the main bonding jumperio the neutral shall be on the
be disconnect means as specified in Claus€’ 8.2.22.2 or a disconnect link a
4. See Annex G.

Frwise rendered inaccessible by'a.utility. See Annex G.

a motor control center section or unit incorporating ground-fault protection ¢
described in Clause 8.2:21.14, the main bonding jumper as specified in CI
y connected to the neutral bus and to the ground bus (or to the motor control ¢
s not provided),.and the section or unit shall be marked in accordance with Cl
G.

nd bus

ulti=section center shall include a ground bus sized in accordance with Table

n accordance
e ground bus
ent protective
bntain a main
the spacings

bn the largest
hich the main
ng jumper. In

supply side of
s specified in

main bonding jumper shall be aceessible without opening a compartment intended to be

f the ground-
puse 8.2.33.2
enter frame if
ause 6.3.12.2

26 and Table

r a-bara aovian avian ho

27. A section

nnnnn athraea 1t tandina d-+h caekion-bia
TavirT ooy ootsSoarsS CATCTIOTy— o yort—ac— St ouuTrmT oS oal

rs—with—prevision for another

section to be added at a later time shall be considered part of a multi-section motor control center.

8.2.34.2
shall be provid

ed on the frame or enclosure as follows:

If a ground bus is not provided in a single motor control center section, at least two terminals

a) for an equipment-grounding conductor of a size in accordance with Table 26, a terminal to

ground

the center frame; and

b) for an equipment-grounding conductor, a terminal to bond all outgoing conduits to the center
frame. The second connection shall accommodate an equipment-grounding conductor sized in
accordance with Table 26, corresponding to the largest branch circuit.

8.2.34.3

In Mexico and the United States, in reference to Clause 8.2.34.2, the terminal in item a) may be

omitted if the enclosure is factory bonded to the neutral, a grounding electrode conductor terminal is
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located on the neutral, and the section or unit is marked in accordance with Clause 6.3.12.2 b). The
terminal in item b) may be omitted if all conduits enter the enclosure through metal cover plates. See
Annex G.

In Canada this requirement does not apply.

8.2.34.4 In addition to the terminals specified in Clause 8.2.34.2, a section without a ground bus shall
have provision for attaching additional terminals or grounding-terminal assemblies to accommodate
equipment-grounding wires used with outgoing non-metallic or under-floor raceway. If a branch circuit has
provision for multiple conductors, the additional terminals shall have provision for multiple equipment-
grounding conductors sized in accordance with Table 26. However, the terminals need not accommodate
an equipment-grounding conductor larger than one of the current-carrying conductors.

8.2.34.5 If there is provision for a field-installed terminal assembly for an equipnent-grounding
conductor, the assembly shall be marked in accordance with the requirements in)Clauge 6.3.58. See
Annex G.

8.2.34.6 In addition to the grounding means required by Clause 8.2.34.4,,a motor conjrol center not
marked for sgrvice equipment use only may have a neutral bus bar or terminal strip sized ps specified in
Table 26 that |s insulated from the enclosure.

8.3 Perfornjance requirements
8.3.1 General

A combination motor control unit constructed as Type A, C, D, and E as specified in Table [11 and having
individual replaceable components that comply witi’the appropriate requirements for those ¢gomponents or
have been inyestigated in this application shall also be subjected to the applicable tests spegcified in Table

34. See Tablg 35 for test sequence. Howeverindividual components of Type A, C, and D cpntrollers shall
not be requirgd to be subjected to the tests i Table 35 if previously evaluated.

8.3.2 Calibnation performance

These requirgments shall apply-to an overload relay or an industrial control equipment ingorporating an
overload relay. The overload.relay shall operate within the time specified when tested in agcordance with
Clause 9.2.

8.3.3 Temperature-rise performance

A motor control center, when tested under the conditions described in Clause 9.3, shall not attain a
temperature at any point sufficiently high to constitute a risk of fire, to adversely affect any materials
employed in the device, or to exceed the temperature rises specified in Table 29. No automatic thermal
control shall operate during the test.

8.3.4 Overvoltage and undervoltage performance

A unit using a control-circuit transformer and one or more electromagnetic switching components shall
operate at the undervoltage specified in Clause 9.4.2 and shall withstand the overvoltage without damage
to the operating coil when tested in accordance with Clause 9.4.3.
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8.3.5 Dielectric voltage-withstand performance (after temperature-rise test or overvoltage/
undervoltage test)

As soon as practicable following the temperature-rise test or the overvoltage/undervoltage test, the motor
control center section or unit shall withstand the test potential for 1 min without breakdown when tested in
accordance with Clause 9.5.

NOTE: The intention is to test while circuit components are as close to normal operating temperatures as practicable.
8.3.6 Current-withstand performance

When tested in accordance with Clause 9.6, a Type D combination motor controller having instantaneous-
trip circuit-brepkers shall withstand currents of 600 % and 1 000 % of full-load motor, c’twrent without
damage to any parts or connected wires that would impair their function. Softening of wire ipsulation shall
be acceptable| but melting and dripping of wire insulation shall not be acceptable.

8.3.7 Dielectric voltage-withstand performance (after current-withstand test)

Immediately fi tand the test

potential for 1

pllowing the current-withstand test, the motor control center’unit shall withs
min without breakdown when tested in accordance with,Clause 9.7.

8.3.8 Contac¢tor overload performance

A magnetic m
circuit-breaker
pitting of the ¢

ptor contactor that is intended for use in a Type D combination with an instg
shall exhibit no electrical or mechanical bfeakdown of the equipment, no ung
bntacts, and no welding of the contacts; when tested in accordance with Claus

ntaneous-trip
ue burning or
e 9.8, and the

fuse specified|in Clause 9.8.9 shall not open.

8.3.9 Dielectric voltage-withstand performance (after contactor overload test)

contactor overload test, (the motor control center unit shall withstand the test
pakdown when tested in.accordance with Clause 9.9.

Following the potential for 1

min without br
8.3.10 Short-circuit test performance of bus structure

bed in Clause
bl center is in

When a motor|control center has been tested under any of the short-circuit conditions descri
9.10 for a ratihg selected from Table 3, the results shall be acceptable if the motor contr
substantially tTe same mechanical condition as prior to the test, and if

a) there is no permanent distortion or displacement of the bus bars or cable that can affect the
normal functioning of the bus assembly or reduce spacings to less than 75 % of those specified in
Table 19;

b) there is no distortion of a plug-in bus assembly that can impair normal insertion of a plug-in unit
such as a motor control or feeder-tap unit;

¢) a bus bar insulator, support, or cable restraint has not separated into two or more pieces. Also,
there shall be no cracks appearing on opposite sides of a base and no cracks, including surface
cracks, running the full length or width of the support. The cracks are considered acceptable if,
after a repeated short-circuit test on the same sample, the MCC complies with the Dielectric
Voltage-Withstand Test, Clause 9.11, and the electrical spacings are not reduced to less than 75
percent of the values specified in Table 19. Other cracks, chips, or the like, which are not
considered to reduce the structural integrity of the support are acceptable if the resulting spacings
are not reduced to less than 75 % of the values specified in Table 19.
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d) the fuse described in Clause 9.10.10.6 has not opened;

e) the enclosure or a part of the enclosure has not been damaged or displaced to the extent that a

live pa

rt is accessible to a test rod

1) 13.2 mm (0.51 in) in diameter for any opening less than 107 mm (4 in) from an

uninsulated live part; or

2) 19.4 mm (0.76 in) in diameter for any opening 107 mm (4 in) or more from such a part;

f) there is no damage due to arcing;

g ) there is no significant damage to a conductor or its insulation or to the terminal connector, and

the co

h) the
9.11.

8.3.11

Following the
potential for 1

8.3.12 Shon

After a motor
considered ag

ductor has not pulled out of the terminal connector,

motor control center complies with the dielectric voltage-withstand test descr

bus structure short-circuit test, the motor control centerrassembly shall with
min without breakdown when tested in accordance wittyClause 9.11.

t-circuit (standard level) performance requirements for motor control cen

ceptable if the unit complies with the accéptance criteria shown in Table 32.

bed in Clause

Dielectric voltage-withstand performance (after short-circuit test of bus structfure)

stand the test

ter units

control center unit has been tested in ac¢ordance with Clause 9.12, the results shall be

8.3.13 Dielgctric voltage-withstand performance (after standard-level unit short-circiit test)

The samples
potential with

8.3.14 Trip-

put breakdown when tested.in accordance with Clause 9.13.

8.3.14.1 Magnetic trip-out(Type D and Type E controllers)

The tripping g
be no greater

8.3.14.2 Inv

urrent of '@ controller provided with an adjustable instantaneous trip (release
than<t30 % of the marked tripping current when tested as described in Clause

erse-timetrip-out{Type € controtters)

that have been subjected to-the standard-level unit short-circuit test shall withstand the test

put performance of circuit breakers (after standard-level unit short-circuit test)

function) shall
9.14.1.

Controllers tested at short-circuit current ratings greater than the circuit-breaker interrupting rating shall be
tested in accordance with Clause 9.14.2. The tripping time shall be no greater than that shown in Table 33.

8.3.15 High

available short-circuit performance — motor control center units

After a motor control center unit has been tested in accordance with Clause 9.15, the results shall be
considered acceptable if the unit complies with the acceptance criteria shown in Table 32.
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8.3.16 Dielectric voltage-withstand performance (after high available unit short-circuit test —
motor control center units)

The samples that have been subjected to the high-level unit short-circuit test shall withstand the test

potential witho

ut breakdown when tested in accordance with Clause 9.16.

8.3.17 Trip-out performance of circuit-breakers (after high available unit short-circuit test)

8.3.171

Magnetic trip-out (Type D and Type E controllers)

The tripping current of a controller provided with an adjustable instantaneous trip (release function) shall

be no greater

han 130 % of the marked tripping current when tested as described in Clause 9.17.1.

8.3.17.2

Controllers tes
tested in acco
A single pole,
min.

8.3.18 Strength of insulating base and support performance

8.3.18.1 Wh
not be damag
is torqued to

terminations o

8.3.18.2 Dair
bosses, reces
bars bend or

degree or othgrwise impair the electrical)connection. Minor chipping or flaking of brittle insu

or momentary

8.3.19 Comparative deflection test

As required b
Clause 9.19. 7
enclosure or |

Inverse-time trip-out (Type C controllers)

ted at short-circuit current ratings greater than the circuit-breaker interrupting
dance with Clause 9.17.2. The tripping time shall be no greater than that show
when tested at the 400 % value as permitted in Clause 9.17:2,vshall trip with

bn tested in accordance with Clause 9.18, thesinsulating base of a field-wiring
bd when a conductor of rated ampacity is connected to the terminal and the cl
10 % of the value marked on the equipment. However, the test shall not b
h components that have been previouslysevaluated for field wiring.

hage shall be considered to have-occurred if the base insulating material breal
5es, or other means to prevent turning do not perform their intended function; if
wist; or if members move:at electrical joints so as to reduce spacings to an

flexing of metallic members without permanent deformation shall be acceptabl

y Clauses/8-2.1.4 and 8.2.2.4, a barrier or enclosure shall be tested in ac
he resulting deflection of the test piece shall be not less than that of a refereng
arrierof the maximum length and width constructed of the minimum require

thickness.

rating shall be
n in Table 33.
n 2 additional

terminal shall
Bmping screw
e required for

s or cracks; if
straps or bus
unacceptable
ating material
e.

ordance with
e sheet-metal
0 sheet metal

8.3.20 Auto-transformer starter overload test

An autotransformer starter or a reactor starter shall show no resultant flame or molten particles from either
transformer or reactor windings when tested in accordance with Clause 9.20. If the windings are oll
immersed, the oil shall not overflow the containing case.

8.3.21 Insulating barrier dielectric test

As required by Clauses 8.2.28.2 and 8.2.28.3, a barrier or liner shall be tested in accordance with Clause
9.21. The barrier or liner shall show no signs of dielectric breakdown during the test.
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9 Motor control center tests

9.1 General

The performance of a motor control center shall be investigated by subjecting a representative sample or
samples in commercial form to the tests described in Clause 9. See Table 34 for a summary of
performance and tests. See Table 35 for test sequence.

9.2 Calibration tests

9.2.1 Individual combination motor control units shall be subjected to overload relay calibration tests.

9.2.2 Whenltested at an ambient temperature of 40 °C (104 °F), an overload relay shall.opérate

a) ultimately when carrying 100 % of the current element rated tripping current;
b) within 8 min when carrying 200 % of the current element rated tripping-cdrrent; ang
c¢) within

1) 20 s when carrying 600 % of the current element rated tripping current; or

9.23 Ifan4
requirements

2) 10 s for a Class 10 relay and 30 s for a Class 30 relay if the class of the r
on the relay or on the controller with which the everload relay is used. (Class d
excess of 30 s may be used, in which case the tripping time in seconds shall
numerical class marking.)

djustable relay covers several trippingscurrent ratings, the relay shall comply
for each separate rating.

blay is marked
esignations in
be equal to the

with the above

9.2.4 The tgst shall be conducted with the unit located at the bottom of the vertical section and without
any units mofinted above. A section of Jess than standard height, sufficient to house the ynit under test,
may be used |nstead of a complete section.

9.3 Temperpture-rise tests

9.3.1 The equipment shall be tested so that each current-carrying component carries the mpaximum rated
current. More|than qne)temperature test can be required to test various configurations of clirrent-carrying
parts of sectigns and units at their maximum rating. See Clause 9.3.7.

9.3.2 During the test, the section or secfions shall be mounted as in service, with a unit mounted in the
top position. No other unit needs to be installed, but all doors and covers shall be in place, and unused
openings shall be closed. See Table 29, item 1a.

9.3.3 As an alternate test, the section or sections shall be mounted as in service, with a test unit mounted
in the top position. The remainder of the section shall be filled with feeder units sized and operated to fully
load the vertical bus. All units shall be run at their ratings. All doors and covers shall be in place, and
unused openings closed. See Table 29, item 1b.

9.3.4 The test assembly shall consist of a section or sections including a sufficient length of horizontal
bus to determine the maximum temperature of the bus, including the splice bus between sections.
Incoming line connections shall be made in the intended manner, and jumper connections shall be such as
to minimize the heat loss from the bus.
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9.3.5 A motor control center shall be tested with a minimum of 1.2 m (4 ft) of wire attached to each field-
wiring terminal. Incoming supply conductors shall be of the smallest size having an ampacity of at least
100 % of the bus rating. The wire to be used at the units shall be of the smallest size having an ampacity,
as specified in Table 18, of at least 125 % of the test current for motor loads and at least 100 % for other
loads. If the terminal will not receive the size of wire required for testing in accordance with Clause 9.3.7,

the maximum allowable wire size shall be used.

9.3.6 The test shall be conducted with actual fuses installed in fuseholders or with dummy fuses for

a) plug

fuses;

b) Class CC, G, H, K, and R fuses, HRC Form lII; or

c)0to

If actual fuses
shall be used
according to th
in accordance

9.3.7 Forac

P00 A Class J fuses.

are used for testing of Class H fuseholders, dual element time-delay Class K9
. For combination motor control units, the fuse shall have a maximum
e manufacturer’s recommendations, if provided. When not specified, the fuse
with the applicable country's electrical installation code.

A

q

ombination motor control unit, and for a motor control unit'rated over 600 V, th

or RK5 fuses
mpere rating
shall be sized

b temperature

test shall be conducted using the maximum full-load current specifiedyin the manufacturer’s table.

9.3.8 To det¢rmine whether the motor control center complies with the temperature test

the device sha
rated current g
currentforah

9.3.9 Jumpe
equal to orles

9.3.10 A mo
in excess of 1
accordance w
less shall not 1

9.3.11 Alow
electronic equ
can affect thg
sources after (

Il be operated under normal conditions and, except as noted in Clause 9.3.11,
ontinuously until temperatures are constafit. Other than as noted in Clause 9|
prsepower-rated device shall be as specified in Table 15 and Table 16.

's connected to a bus in order to,_ complete a test circuit shall have a cross-s
5 than that of the bus.

or control center section _containing a transformer or transformers with a total
0 kVA, or heating elements with a total applied rating exceeding 250 W, sha
th Table 29. Howgever, a heating element controlled by a thermostat set at 40

equire a temperature rise test.

potential&ource of supply may be used for temperature tests on parts other
pment.(The tests on all parts shall be conducted simultaneously, as the heati
heating of another part. Some electronic equipment may be tested with

requirements,
shall carry its
3.7, the rated

tectional area

applied rating
| be tested in
C (104 °F) or

han coils and
ng of one part
low-potential

onsideration of all heating effects.

9.3.12 Tests shall be conducted at an ambient temperature within the range of 10 °C to 40 °C.

9.3.13 The acceptability of insulating materials, other than those specified in Table 29, shall be
determined with respect to properties such as flammability, arc resistance, and the like, based on an
operating temperature equal to the measured temperature rise plus 40 °C.

9.3.14 Ambient temperature shall be determined by taking the average of the readings of three
thermometers or thermocouples placed as follows:

a) level with the top of the motor control center;
b) 305 mm (12 in) above the bottom of the motor control center;

¢) midway between the locations in items a) and b).
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The thermometers or thermocouples shall be placed 914 mm (36 in) from the motor control center and in
locations unaffected by drafts caused by the motor control center or appreciable radiation from the
equipment. If the ambient temperature is subject to variations that can result in errors in measuring the
temperature rise and if thermometers are used to determine the ambient temperatures, the thermometers
shall be immersed in a liquid such as oil in a heavy metal cup.

9.3.15 The temperature of a coil shall be determined by the change-of-resistance method (see Clause
9.3.17). All other temperatures shall be measured by means of thermocouples in accordance with Clause
9.3.16.

9.3.16 Temperatures shall be measured by thermocouples consisting of wires not larger than 0.20 mm?
(24 AWG) and not smaller than 0.05 mm? (30 AWG). When thermocouples are used in determining
temperatures|in electrical equipment, the common practice is to employ thermocouples corjsisting of 0.05
mm? (30 AW®) iron and constantan wire and a potentiometer-type instrument; such_équipment shall be
used whenever referee temperature measurements by thermocouples are necessary:

9.3.17 The ghange-of-resistance method for temperature measurement ascspecified in
consists of th¢ calculation of the temperature rise of a winding using the following equation:

Clause 9.3.15

"2
At = 7(k+ 1)~ (k+1,)
i

where
AT = the temperature rise of the winding in °C;
ry = is the resistance of the coil at the beginning of the test in ohms;
r, = th¢ resistance of the coil at the end‘of the test in ohms (see Clause 9.3.18);
k = 2B4.5 for copper and 225:0.for electrical conductor grade (EC) aluminum; |values of the
constgnt for other conductors shall be determined:;
t, = the ambient temperature in °C at the beginning of the test;
t, = th¢ ambient temperature in °C at the end of the test.
9.3.18 As it|is generally necessary to de-energize the winding before measuring r,, the vfalue of r, may

be determing]
possible after

d by<taking several resistance measurements at short intervals, beginning
the,instant of shutdown. A curve of the resistance values and the time can

as quickly as

be plotted and

extrapolated togvethe vatue of iz atshutdowr.

9.3.19 A temperature shall be considered to be constant when three successive readings, taken not less
than 15 min apart, are constant within 1K .

9.3.20 A thermocouple junction and adjacent thermocouple lead wire shall be securely held in good
thermal contact with the surface of the material the temperature of which is being measured. In most
cases, adequate thermal contact will result from securely taping or cementing the thermocouple in place,
but if a metal surface is involved, brazing or soldering the thermocouple to the metal can be necessary.

9.4 Overvoltage and undervoltage test

9.4.1 The voltage for conducting the test shall be applied on the primary side of the control-circuit
transformer.
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9.4.2 The electromagnet shall first be energized under the conditions of the temperature test until
constant coil temperatures are observed. The control circuit voltage shall then be reduced to 90 % of the
unit rated voltage. The control circuit shall then be opened and closed several times to determine if full
closure of the armature results.

9.4.3 The control circuit voltage shall be increased to 110 % of the rated unit primary voltage, until
constant temperatures are observed using the thermocouple method. The voltage shall then be rapidly
reduced to rated unit voltage and the control circuit shall be immediately opened and closed several times
to determine if full closure of the armature results.

9.4.4 An electromagnet intended for intermittent duty shall be tested to determine whether it complies
with the requirements in Clauses 9.4.2 and 9.4.3 for the time rating specified. If resistance is inserted into
the electromaj;net circuit after closing of the contactor, this resistance shall be included in,thg circuit when
the coil is enengized under temperature test conditions.

9.5 Dielectric voltage-withstand tests (after temperature-rise test or overvoltage/undeérvoltage
test)

9.5.1 The mptor control center shall be subjected to a 50 or 60 Hz essentially sinusoidal potential as
follows:

a) The japplicable voltage shall be
1) 500 V for devices rated 50 V or less;
2) 1 000 V plus twice the maximum rated,voltage for devices rated 51 to 750 Vj or

3) 2 000 V plus 2.25 times the rated veltage for devices rated 751 to 1 000 V.

NOTE Where it is more convenient to_d0)so, the dielectric strength test may be made by applying a dc voltage
instead of an ac voltage, provided that the voltage used is 1.4 times the values specified above.

b) The fapplicable voltage shall be,applied for 1 min between

1) uninsulated live.parts and the enclosure with the disconnecting means gand contactor
open;

2) uninsulated live parts and the enclosure with the disconnecting means and contactor
closed;

3) terminals of opposite polarity with the disconnecting means and contactor closed;

4) ul I;I |buiatcd “VU palALb Uf diﬁ:CI Tl It b;lbu;tb.
9.5.2 If a watt-hour meter socket base incorporates spacings less than those shown in Table 19, the test
potential applied to it shall be 10 times the voltage rating of the motor control center section or unit, but not
less than 5 000 V.

9.5.3 With reference to Clause 9.5.1, a transformer, a coil, or a similar device normally connected
between lines of opposite polarity shall be disconnected from one side of the line during the test in item b).

9.5.4 If a barrier or liner is employed to insulate an exposed metal part, the device shall withstand the
potential specified in Clause 9.5.1 between current-carrying parts and the exposed dead metal parts. See
Clause 8.2.28.2.

9.5.5 If a motor control center involves a meter or meters, such instruments shall be disconnected from
the circuit and the complete device subjected to a dielectric voltage-withstand test as described in Clauses
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9.5.1t0 9.5.4. The meter or meters shall then be tested separately for dielectric voltage withstand, with an
applied potential of 1 000 V for an ammeter, and 1 000 V plus twice rated voltage for any other instrument
having a potential circuit.

9.5.6 An ac test potential shall be supplied from a 500 VA or larger capacity testing transformer, the
output voltage of which can be varied. The applied potential shall be increased from zero at an essentially
uniform rate and as rapidly as is consistent with its value being correctly indicated by the voltmeter until the
required test value is reached, and shall be held at that level for 1 min. The voltage shall then be reduced
to zero at the same uniform rate. A 500 VA or larger capacity transformer need not be used if the

transformer is provided with a voltmeter to measure the applied output potential directly.

9.6 Current

-withstand test

9.6.1 ATypl D combination motor controller shall be tested at currents of 600 and-1 00(

load motor-ru

9.6.2 A suffi
of overload re

9.6.3 Eacht

nning current.

cient number of representative samples shall be selected to cover'the possible
ays, current elements, and instantaneous-circuit-breaker trip Coils.

est sample shall be connected with wire sized in accordance with Table 18, ba

load, motor cyrrent ratings found in Table 15, Table 16 and Table 17~ The instantaneous-trip

shall be set t
that the test @
conducted ug
shall be cond

b its maximum value, or its trip mechanism shall be defeated, or jumpered if
an be continued until operation of the overload:relay opens the contactor. Th
ng a low-voltage electrical supply source and with all poles connected in s

% of the full-

combinations

5ed on the full-
circuit-breaker
necessary, so
e test may be
pries. The test
000 % test as

Licted at normal room temperature. The 600% test shall be followed by the 1

quickly as the|overload mechanism can be reset.

9.7 Dielectific voltage-withstand tests (after eurrent-withstand test)
Dielectric volthge-withstand tests shall be performed as specified in Clause 9.5.
9.8 Contacfor overload test

Il consist of 3
follows:

9.8.1 When|required by Clause 8.3.8, a contactor shall be subjected to a test that shg
breaking operations of a test current of 1 000 % of full-load motor current at rated voltage as
a) 40 tp 50 % power factor at rated voltage for ac contactors; and

b) nontinductive, resistive load for dc contactors.

9.8.2 The wire used for this test shall have an ampacity, as specified in Table 18, of at least 125 % of the
maximum full-load motor current or at least 100 % for other loads.

9.8.3 The overload test or tests shall cover the conditions of maximum interrupting values of voltage,
power, and current.

9.8.4 Tests on equipment having an alternating-current rating shall be conducted using a circuit having a
frequency of 25 to 60 Hz.

9.8.5 Air core reactors or non-saturated iron core reactors shall be used to obtain the reactive power
factor specified in Clause 9.8.1. Air core reactors may be connected in parallel. Iron core reactors shall be
connected in series. A reactor shall not be connected in parallel with a resistor. However, an air core
reactor in any phase may be connected in parallel with a resistor (RSH) if the resistor power consumption
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is approximately 1 % of the total power consumption in the phase calculated in accordance with the

following form

where

ula:

1
— —PF
PF

E

= 100
o)

|

RSH

PF = power factor;

E=clo

/= pha

9.8.6 Except
overload test v

9.8.7 Foran
switch rated more than 100 A, the open-circuit voltage shall be as much_above the rated

closed-circuit
being more th

obtained wher
circuit need ng

9.8.8 The tes
a)1s(

b)1sH

NOTE If
or being
by oscilld

c) OFF
d) OFF
e) OFH
f) OFF

sed-circuit phase voltage;

5e current.

as specified in Clause 9.8.7, the closed test circuit voltage shall be' 100 to
oltage specified in Table 41.

hotor controller rated more than 18.6 kW output (25 horsepower)yor a magneti

oltage is below the rated voltage unless such adjustment-results in the open-
Bn 110 %. In that case, the test shall be conducted using whatever closed-cir
the open-circuit voltage is 110 % of the rated voltage. However, the capacity
t be greater than that of a circuit that is considered-to be acceptable for the shg

t cycle times shall be as follows
DN for a non-reversing controller;

ORWARD and 1 s REVERSE fofa reversing controller;

t is determined that, for a duration {ess than 1 s, the device conducts the test current without inter]

scopic or oscillographic measurements, the ON time may be reduced to that duration.
time shall be 9 s for'non-reversing controllers rated 499 A or less;
time shall be\8 s for reversing controllers rated 499 A or less;

time shall be 120 s maximum for controllers rated 500 to 1499 A,

time.shall be 240 s maximum for controllers rated 1 500 A or greater.

110 % of the

cally operated
oltage as the
circuit voltage
cuit voltage is
of the supply
rt-circuit test.

rupting the circuit

adversely affected by heat, and'the device contacts are properly seated before the break is initiajed, as confirmed

9.8.9 During the test, the enclosure shall be connected through a 30 A non-time-delay cartridge fuse to
the electrical test circuit pole considered least likely to strike to ground.

9.8.10 Except where poles are marked for same polarity, all devices having two or more poles shall be
tested with opposite polarity between two adjacent poles.

9.8.11

be connected electrically to the enclosure.

During tests on multi-pole devices for use in opposite-polarity applications, all unused poles shall

9.8.12 Unless a device is provided with a wiring diagram or equivalent marking indicating the number of
poles to be used to control the load, the device shall be tested using one pole to control single-phase or

direct-current |

oads and using two poles to control polyphase loads.
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9.9 Dielectric voltage-withstand test (after contactor overload test)

A dielectric voltage-withstand test shall be conducted as described in Clause 9.5, except that only the

contactor sha

9.10 Short-c

9.10.1 AC-r

Il be subjected to the test.
ircuit tests — bus structure

ated motor control centers

Representative ac-rated motor control center samples, as selected according to Clause 9.10.3, shall be
tested for the short-circuit current rating selected from Table 3. The test shall be conducted for not less

than 3 electri
integral or se
6.3.9.

9.10.2 DC-r

Representatiy
tested on a re
less than 0.04
or separate o

9.10.3 Mota

9.10.31
strongest and

9.10.3.2 Re
configuration

9.10.3.3 Ing

a) bra

A motor control center assembly selected for bus-bar withstand tests shall

al cycles unless the short-circuit current rating of the section is dependent |

pon a specific

parate overcurrent-protective device and the section is marked in accordang

Aated motor control centers

e dc-rated motor control center samples, as selected according to Clause 9|
sistive dc circuit or tested in accordance with Clause 9.10.1." The test duratig
s unless the short-circuit current rating of the section/is dependent upon a s
ercurrent-protective device and the section is marked'in accordance with Clau

r control center bus — sample selection and.preparation

weakest bus bar and bracing structures-for the rating and configuration being

bresentative samples shall be tested to determine the performance of each
pbr cable arrangement, or both;

hoosing representative samples, the following factors shall be considered

ing structure, if different, for each rating;

b) material and cross-sectional configuration of each bus-bar structure;
c) wegkest bus-bar structure that can most easily result in bus-bar distortion;

d) strohgest bus-bar structure that can transmit the maximum forces to the bracing;

e with Clause

110.3, shall be
n shall be not
becific integral
se 6.3.9.

represent the
ested.

principal bus

e) various incoming bus and terminal configurations provided;

f) covers, doors, and filler plates shall not be required to be in place during the test unless located

within a

distance of 51 mm (2 inches) to the bus.

9.10.4 Horizontal bus

9.10.41

The sample for each test shall include the horizontal bus and its associated splice bus.

9.10.4.2 The horizontal bus under test shall be short-circuited to cause short-circuit currents to pass
through the splice bus and the complete horizontal bus. Short-circuit current shall not pass through the
vertical bus unless it is necessary to feed the horizontal bus.
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9.10.4.3 The horizontal bus shall be short-circuited directly by bus bars or flexible conductors of
minimum length and of at least the ampacity of the horizontal bus bars.

9.10.5 Vertical bus

9.10.5.1

of motor control center units.

9.10.5.2 A unit shall be installed in the normal manner at the weakest point of the bus.

The sample for each test shall consist of a section with representative buses for the connection

9.10.5.3 The vertical bus under test shall be short-circuited at the end farthest from the source to cause

fault current to

pass through the entire bus The section bus shall be shart-circuited directly

y bus bars or

by flexible cor
bars.

9.10.6 Bran

9.10.6.1 If th
shall be short-
in Table 18, ng
prevent whipg
circuited by bu

9.10.6.2 If th
(4 ft) per term
run from each
terminals of th
may be lasheg
bar or tube (d
switch under t

9.10.6.3 The
the fuse that t
to enable it tg

ductors of minimum length and having an ampacity not less than that ofith

th circuit connection

e branch circuit device used in this test is a circuit breaker, ‘the field wiring |
circuited by cable having a length of 1.2 m (4 ft) per terminal and an ampacity
less than the rating of the circuit breaker. The cable may be lashed outside th
ing during the test. The load terminals cables or{the instrument shunts n
S.

e branch circuit device used in the test is a-fusible switch, cable having a le
nal and an ampacity, as specified in Table(18, no less than the rating of the s
field wiring load terminal to the test fuses located outside the motor control ce
e test fuses or the instrument shunt§’shall be short-circuited by a bus bar. A
together or braced outside the enclosure to prevent whipping during the test.

pst.
copper bus bar or tube shall have a cross-section no less than that of the blag

ne fuseholder is intended to accommodate. Each bar or tube may be individu
withstand the-short-circuit forces. A bar or tube shall be secured in placq

manner as a fi

9.10.7 Test

9.10.7.1 Ex
determined at

se is secured in-intended service.
ircuit calibrations

pthas permitted in Clause 9.10.7.3, the available rms symmetrical or dc cu

e vertical bus

pad terminals
, as specified
b enclosure to
hay be short-

ngth of 1.2 m
witch shall be
hter. The load
Il load cables
A copper bus

ummy fuse), as described in Clause 9.10.6.3, shall be installed in each fus¢holder of the

e or ferrule of
lly reinforced
in the same

rrent shall be

~10.8.4) or, if no

separate main device is used, at the line terminals of the motor control center.

9.10.7.2 When the physical arrangement requires the test leads between the separate main device or
test station terminal and the motor control center line terminals to be longer than 2.4 m (8 ft), the additional
length of leads shall be included in the circuit calibration.

9.10.7.3 As an alternative, when the test leads (from the load terminals of the separate main device or
from the test station to the motor control center line terminals) are no longer than 2.4 m (8 ft), and if

a) the circuit is rated 25 000 A or less, the available current may be determined at the test-station
terminals or the line terminals of the separate main device;
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b) the circuit is rated between 25 001 and 50 000 A, the maximum available current for the test
shall be not less than 5 % higher than the required test current, as determined at the test-station
terminals or the line terminals of the separate main device; or

c) the circuit is rated between 50 001 and 200 000 A, the maximum available current for the test
shall be not less than 10 % higher than the required test current, as determined at the test-station
terminals or the line terminals of the separate main device.

9.10.7.4 The magnitude of the test current and the power factor, where applicable, shall be determined
by the applicable requirements in Annex A. The power factor, where applicable, shall be in accordance
with Table 36.

9.10.7.5 Sh
requirements
only, the reco

Ti-CITCUIl tests for calibrated circuits shall comply with the applicable re
in Annex A. For calibrated circuits without overcurrent devices to be usedin'y
ery voltage requirements of Annex A shall not apply.

overy voltage
vithstand tests

nor more than
for ac circuits

9.10.7.6 Th¢ open-circuit voltage at the supply connections is not to be less-than 100 %
105 % of the|rated voltage of the motor control center being tested. The supply frequency
shall be in the range of 48 to 60 Hz.

NOTE A higher vpltage may be employed with the concurrence of those concerned.

9.10.7.7 Th¢ available short-circuit current in rms symmetrical ‘A shall not be less than the short-circuit
current specifjed for the test.

9.10.8 Linejconnections
9.10.8.1 Feg¢der bus terminals shall be supplied by means of copper cables having the ampacity, as
specified in Thble 18, based on 75 °C insulation, nearest to but not less than the rating of{ the horizontal

bus. The cables shall enter the motor contral.center at the line end of the cabinet at a point t
the maximum|length of unsupported cable-within the center enclosure. Line terminals of the
connector tyge shall be wired and tightened to the torque specified in items 6 and 17 in
cables shall |not be braced inside ‘the motor control center enclosure unless the d¢
instructions fdr bracing the conductors as indicated in Clause 6.3.61. The provision for braci
required to beg provided with(the center. A cable may be braced as it leaves the enclosure

hat will provide
pressure wire
Annex C. The
sign includes
ng shall not be
on the supply

side.

9.10.8.2 Foff a motor/control center that does not have provision for wire connectors, blus bars of the

same ampacify as the horizontal bus may be used for line connections.

9.10.8.3 Line terminals of the pressure wire connector type may be tightened to a torque greater than
that specified in items 6 and 17 in Annex C provided the motor control center is marked as specified in
Clause 6.3.36. The effect of the increased tightening torque shall be evaluated in accordance with the
applicable requirements in items 6 and 17 in Annex C.

9.10.8.4 A motor control center that is designed for either top or bottom cable entry, but not both, and
that is marked as indicated in Clause 6.3.48 with a restriction to one or the other type of entry depending
on the location of the incoming terminals may be tested with the cables entering the center as instructed
by the marking.

9.10.8.5 In a motor control center provided with an integral main protective device, the supply cable shall
be connected to the terminals of the motor control center. For an integral main fusible switch, the test fuse
mentioned in Clause 9.10.9.4 shall be installed in the main fusible switch. If the size of the test fuse is such
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that it cannot fit in the fuseholder, an external fuseholder shall be used. The external fuseholder shall be

inserted

a) between the load side of the fusible switch and the main bus bar;

b) on the load side of the bus being tested; or

c) on the line side of the fusible switch.

If external fuses are used, a copper bus or tube (dummy fuse) shall be installed in each fuseholder of the
main fusible switch. The combined length of supply cable and all other leads, other than the leads on the
load side of a unit, shall be part of the calibrated circuit or shall be in accordance with Clause 9.10.8.7.

9.10.8.6 Ifa
8. In the case
Clause 9.10.9

separate main device is used, the method of line connection shall be as iljustr
Df a separate fusible main, fuses shall be installed in an external fuseholder; a
3 and as shown in Figure 9. The main device line terminals shall be cannect

ated in Figure
5 described in
ed to the test-

station termingls by cable that is part of the calibrated circuit or of the length specified in Clause 9.10.8.7.

The combineg
separate mair
9.10.8.7 by m(

9.10.8.7 The
length is inclug

9.10.9 Protelctive devices

9.10.9.1 Pro
9.10.1,9.10.2

length of each cable (including the line, external fuseholder, and connect
device and the motor control center) shall not exceed the.length specif
re than 2.4 m (8 ft) unless the excess is part of the calibrated circuit. See Clau

length of the supply conductors shall not exceed 2.4 m\(8 ft) per terminal unle
ed in the test circuit calibration as specified in Clatse 9.10.7.2.

ective devices are optional for the short-circuit test of the bus assembly.
and 9.10.10.1.

9.10.9.2 Adci

current and time setting.

9.10.9.3 Eag
accordance w|
through currer
for the ampers

9.10.9.4 For
represent the

rcuit-breaker having adjustable-trip features shall have all adjustments set at

h test fuse shall hayve- such characteristics that, if tested on a single-ph
th the requirements for the class of fuse used in the motor control center, it
t, In, and clearifig;1°t, not less than the corresponding values established for
rating of the'largest fuse intended for use in the fuseholder.

Class\RK5 fuse. To obtain the required values of these characteristics, it

jons between
ed in Clause
5e 9.10.7.2.

ss the excess

See Clauses

the maximum

ase circuit in
permits a let-
the class and

a motor_control center intended for use with a Class RK1 or RK5 fuse, the {est fuse shall

is sometimes

necessary to ¢

employ a fuse of different class or having a current rating greater than that o

f the fuse the

fuseholder accommodates.

9.10.9.5 With regard to Clause 9.10.9.4, the values of | and I’ shall be determined at the voltage rating

of the fuse.

9.10.9.6 With regard to Clause 9.10.9.4, with the concurrence of those concerned, the determination of
l» and It may be made at the voltage rating of the motor control center.

9.10.10 Short-circuit withstand procedures - bus structure

9.10.10.1

When an integral or separate overcurrent-protective device limits the duration of the short

circuit test, the test may be less than three cycles (0.05 s for dc); otherwise, the duration of the test shall
be three cycles (0.05 s for dc).
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9.10.10.2 Except as noted in Clause 9.10.10.3, controlled closing shall be used in all ac tests as
specified in Table 37.

9.10.10.3 For a 3-phase short-circuit test involving an overcurrent device, random closing may be used.

9.10.10.4 The 3-phase tests shall be considered to cover single-phase ratings of the same ampacity.

9.10.10.5 The motor control center shall be mounted and supplied as in a normal installation. All unused
openings, other than ventilation openings, within a distance of 51 mm (2 inches) to the bus, shall be

closed.

9.10.10.6 F

r_all horizontal bus and vertical bus withstand tests the enclosure shall

be connected

through a 30

The fuse sha
connection sH
thatis 1.2to 1

9.10.10.7 The test circuit shall be closed on the motor control center.

9.11 Dielecf

9.11.1 A ma
shall withstan

The test potential shall be applied

a) bety

b) bety

9.11.2 The test potential shall be twice the-voltage at which the short-circuit test was cong

less than 900

NOTE Where it
voltage, provided

9.11.3 The fest potential.shall be supplied from a transformer as detailed in Clause 9.5.6

described me|

9.11.4 See (

A\, non-time-delay cartridge fuse to the line lead of the pole least likely to arcito
| have a voltage rating not less than the rated voltage of the equipment. beir
all be made on the load side of the limiting impedance by a 5.3 mm? (10-AW
.8 m (4 to 6 ft) long.

ric voltage-withstand test (after short-circuit test — bus’structure)

tor control center bus assembly that has been subjected to the short-circuit
d the application of 50 or 60 Hz essentially sinusopidal potential for 1 min witho

veen uninsulated live parts of opposite polarity;

veen an uninsulated live part and the'enclosure.

V.

s more convenient to do '$o, the dielectric strength test may be made by applying a dc voltagg
that the voltage used/is\I\4 times the values specified above.

thod of application.

Clauses 9.5.2 to 9.5.5 for other test details, as applicable.

the enclosure.
g tested. This
5) copper wire

withstand test
ut breakdown.

ucted, but not

instead of an ac

, following the

9.12 Short-circuit (standard-level) tests for motor control center units

9.121 Testi

9.12.11

ng requirements

Short-circuit tests shall be conducted on representative units mounted in their intended manner

within motor control center vertical sections, except where the unit contains only control-circuit
components protected by a short-circuit protective device.

9.121.2 As

hort-circuit test shall be conducted on

a) a combination controller in accordance with Clause 9.12.6.2;

b) main units (fusible switches and circuit-breakers) in accordance with Clause 9.12.6.3;

c) feeder units (fusible switches and circuit-breakers) in accordance with Clause 9.12.6.3.
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9.12.1.3 Testing with inverse-time circuit-breakers shall not be required when it is shown that the let-
through energy, I°t, and peak let-through current, |, of the inverse-time circuit-breakers is less than that of
the fuse with which the product has been tested.

9.12.1.4 After each short-circuit operation, the contacts of the motor control devices or the entire motor
control device may be replaced and new current elements may be installed in the overload relay. The
same sample may be used provided that no additional impedance is introduced. If an overload relay
employs non-interchangeable current elements, the entire overload relay may be replaced.

9.12.1.5 Alternating-current tests shall verify ac ratings only. Direct-current tests shall verify dc ratings
only. See Annex A, Clause A2, for ac circuit calibration. See Annex A, Clause A3, for dc circuit calibration.

9.12.1.6 Incgming line circuit connections and calibrations shall be made according to Clause 9.10.7 and
9.10.8.

9.12.2 Sample selection and preparation

9.12.2.1 Unifs shall be installed in a location as close as practicable to thextmetor control cgnter incoming
terminals.

9.12.2.2 A unit having the smallest dimensions and the least{provision for pressure felief shall be
selected. Consideration shall also be given to the location of\arcing components in relation to other
components.

9.12.2.3 The unit door shall be held closed only by the intended latch mechanism ang securement
means.

9.12.3 Load|terminal connections

9.12.3.1 The load terminal connections(shall be made with conductors of insulated cogper wire. For
combination npotor control units, each conductor shall have an ampacity, as specified in Table 18, of at
least 125 % of|the maximum full-load ' motor current rating of the current element.

9.12.3.2 Unlgss the unit is marked for 75 °C wire only, the wire shall be acceptable for a temperature of
60 °C for a fullload current rating of 100 A or less.

9.12.3.3 Theg wire shall be acceptable for 75 °C for a full-load current rating greater than 100 A.

9.12.3.4 For[60.2C rated wire, the insulation type shall be Tor TW.

9.12.3.5 For 75 °C rated wire, the insulation type shall be THW, THWN, TWH-75, or RW-75.

9.12.3.6 The maximum allowable wire size shall be used where the terminal cannot receive the required
size of wire or where the device is marked to limit the size of wire.

9.12.3.7 For a combination motor controller rated more than 150 kW (200 hp), the load connections may
be made with bus bar equivalents, in amperes per square inch, for the wires specified in Clauses 9.12.3.1
t09.12.3.6.

9.12.3.8 The tests described in Clause 9.12.6.3 for feeders shall be conducted using 1.2 m (4 ft) of
cable, sized in accordance with the rating of the device, connected together at the load side of the unit.
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9.12.3.9 The tests described in Clauses 9.12.6.3 for mains shall be conducted with the horizontal bus
connected together either with shorting bus or with up to 1.2 m (4 ft) of cable sized to the main breaker
rating. If shorting bus is used, the 1.2 m (4 ft) of cable may be on the line side. The 1.2 m (4 ft) of cable
shall be in addition to the cable specified in Clause 9.10.8.7.

9.12.3.10 The section enclosure shall be connected to the phase of the source of supply that is
connected to the pole judged as having the least risk of arcing to ground. For equipment marked 600Y/347
V or 480Y/277 V, or a wye voltage rating greater than 600Y/347 V, the section shall be connected to the
center of the wye. The connection shall be made to the load side of the limiting impedance by a solid
copper wire that is 1.2 to 1.8 m (4 to 6 ft) long. Continuity shall be verified between the section enclosure
and the pole least at risk of arcing to ground, and

2

AVALO 1
AVVI ) alld

H b A | 1 1 4 o2 (4.0 1 o b
LITOUTLS WILT TUAU CUTTUULLUTS, J.0 T (TU 1alycl, uns CUTTTUUUTT ha” be made

3 mm? (10 AWG) wire;

a) for
with 5,

b) for
with 3
size.

shall be made
pad conductor

ircuits with load conductors less than 5.3 mm? (10 AWG) wire, this connection
3 or 2.1 mm? (12 or 14 AWG) wire, whichever corresponds to the matching |

9.12.4 Overload relay

9.1241 Sa

with the larg

the motor control device.

9.124.2 Th
place during
same design.

9.124.3 A s
tested accord
power condu
sample specif

9.12.5 Proteéctive devices

9.12.5.1
maximum val
marking as s

The fuses uSed' for the tests shall be a type specified by the manufacturer an

ples for the test shall be selected among motor contiol devices employing o
t and smallest impedance values that can be used with the protective devig

maximum number of current elements that'can be accommodated by the de
pach test. Three-phase tests are considered to cover single-phase tests for 2

olid state overload relay with line terminals, load terminals, or both shall be
ng to 9.12.4.1 and 9.12.4.2( A pass through overload relay having no main te
btors pass through currént transformers only, may be evaluated by a single
ied for the motor controller.

ue in accordance with Table 28. If the tested fuses are less than the max
ecified in Clause 6.3.71 shall be required.

verload relays
e specified for

ice shall be in
device of the

selected and
minals, where
representative

d sized at the
mum value, a

9.12.5.2 For non-time-delay fuses, if the calculated value of the fuse is between two standard ratings as
listed in Clause 9.12.5.3, a fuse of the nearest standard rating shall be used. If the calculated value of the
fuse is less than 1 A, a fuse rated 1 A shall be used, and no marking of fuse size is required on the
product.

9.12.5.3 Standard ampere ratings for fuses are 1, 3, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90,
100, 110, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 601, 700, 800, 1 000, 1 200, 1 600,
2 000, 2 500, 3 000, 4 000, 5 000, and 6 000.

9.12.5.4 Testing with Class RK5 fuses shall be considered representative of tests using Class H and K
fuses.
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9.12.5.5 A combination motor controller with specified protective device ratings above and below 600 A
shall be tested with a 600 A one-time, non-renewable fuse at 10 000 A, and in addition shall be tested in
accordance with Clause 9.12.6.3.

9.12.5.6 An inverse-time circuit-breaker used for the test described in Clause 9.12.5.8 shall be sized at
no more than the value determined in accordance with Table 30. If the tested circuit-breaker rating is less
than the maximum value, a marking as specified in Clause 6.3.71 shall be required.

9.12.5.7 A sufficient number of overload-relay current elements considered to be representative of the
line shall be subjected to short-circuit tests in series with a motor protective device. Representative

samples shall be selected on the basis of configuration, material, and resistance.

9.12.5.8 For
elements of bd

9.12.59 An
maximum sett

9.12.5.10 An

a combination motor controller unit, short-circuit tests shall be conducted emp
th the maximum and minimum resistances available for use with the overload

inverse-time circuit-breaker with an adjustable magnetic trip shall be a
ng unless the product is marked to indicate a limit of protection.

current or its

instantaneous-trip circuit-breaker mechanism shall be adjusted to 17 time
aximum setting unless the product is marked to indicate a-Jimit of protection.

9.12.6 Test ¢urrent levels and number of operations

9.12.6.1

Alternating-current rated combination motor controllers shall be subjected
currents and gower factors listed in Table 31 for given hersepower ratings. Direct-current ra
shall be subjerted to short-circuit currents with a series resistive-inductive circuit with a ti

accordance with Table 42.

9.12.6.2 Corpbination controllers not previously tested to the applicable standard leve
current test reluirements as referenced indAnnex C, item 10, shall be subjected to the numb
operations specified in Table 38 and ,shall meet the performance requirements of C
Successive operations shall be conducted by closing the circuit on the test unit (“O” operati

of any approp

9.12.6.3 Exc
shall be subje
Clause 6.3.10
device (fuse o
Units shall be

iate switching device, using random closing.

ept as required by Clause 9.12.6.4, circuit-breaker and fusible switch main an
cted to one\'O" operation at the short-circuit current level as marked in ac
In no_case shall the rating of the unit be greater than the marked interruptin

loying current
relay.

ljusted to its

5 the full-load

short-circuit

t
jjed controllers

e constant in

| short-circuit
er and type of
ause 8.3.12.
pn) by means

d feeder units
tordance with
j rating of the

I circuit=breaker) except for series-rated protective devices, as specified in Clause 9.12.6.5.

tested with the power factor in accordance with Table 39 and are to meet thg

performance

nnnnn Q2 49

requirements 6£Gi

9.12.6.4

auSC U U T,

If the short-circuit current rating of a fusible unit is higher than the short-circuit current rating of

its disconnect switch, the unit shall be subjected to the number and type of operations required by the
product standard covering the switch. See Annex C, items 7 and 27.

Clause 9.12.6.4 is not permitted in Canada.

9.12.6.5 Series-rated protective devices shall be acceptable if tested as motor control center units,
marked in accordance with Clause 6.3.10, and installed in accordance with the applicable installation
codes or standards. See Annex C, items 1 and 7.
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9.13 Dielectric voltage-withstand test (after standard-level unit short-circuit test)

9.13.1

twice the rated potential plus 1 000 V applied as follows:

The motor control center unit shall be subjected to a 50 or 60 Hz essentially sinusoidal potential of

a) between line and load terminals of the protective device assembly with the protective device
open (that is, with the circuit-breaker in the tripped position with current limiters in their holders, or

with th

e disconnecting means open and the fuses in their holders, as applicable);

b) between line and load terminals of the disconnecting means with the disconnecting means open
(that is, between line terminals of the disconnecting means and the line side of the fuse or current

limiter,

as applicable);

c) bet

closed;

d) bet
contad

veen terminals of opposite polarity with the disconnect switch or circuit-bre

ween live parts and the overall enclosure with the disconnect, switch or
ts both open and closed.

NOTE Where it Is more convenient to do so, the dielectric strength test may be made by“applying a dc voltage

voltage, provided

9132 A m
conducting th

that the voltage used is 1.4 times the values specified above.

ptor control center unit may be removed from the’ motor control center
e dielectric test described in Clause 9.13.1.

9.13.3 The fest potential shall be supplied from a transformer as detailed in Clause 9.5.4

described me|

9.13.4 See

thod of application.

Clauses 9.5.2 to 9.5.5 for other test.details, as applicable.

9.14 Trip-ouit test for circuit-breakers (after standard-level unit short-circuit test)

9.14.1

9.141.1 Ea
level unit sho
initial test cur
trips.

th pole shall be-subjected to a magnetic trip-out test at the setting used during
Ft-circuit test.and’'shall perform in accordance with the requirements of Clau
rent shall betset at some value below the trip setting and adjusted upward ur

9.14.1.2 The
has been foun

9.14.2

aker contacts

circuit-breaker

instead of an ac

section when

, following the

Magnetic trip-out test for circuit-breakers used with Type D and Type E controllers

the standard-
se 8.3.14. The
til the breaker

er method that

test/method may be impulse testing with synchronous closing or with anoth

Inverse-time trip-out test for circuit-breakers used with Type C controllers

9.14.2.1 When tested under the conditions specified in Clauses 9.14.2.2 to 9.14.2.8, breakers carrying
200 % of their rated current shall operate within the time limits given in Table 33.

9.14.2.2 Breakers may be mounted in any position unless there are features that can affect their test
performance if not mounted in some particular position.

9.14.2.3 The tests may be made at any convenient voltage and with either ac or dc if the breaker is
suitable for both. The tests shall be made with ac for a breaker marked for ac only or with dc for a breaker
marked for dc only.
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9.14.2.4 If breakers are marked specifically for a given frequency, tests shall be conducted at that
frequency. If the frequency is not marked, a 48 to 62 Hz supply shall be used.

9.14.2.5 Except as specified in Clause 9.14.2.6, the conductors used in connecting a breaker for the
calibration tests shall be of copper, or aluminum if the breaker is marked for use with aluminum conductors
only, and not less than 1.2 m (4 ft) in length. The size of the conductor shall be chosen in accordance with
Table 18 for 75 °C insulation.

9.14.2.6 For a breaker rated more than 30 A but not more than 125 A, the conductor size shall be based
on the temperature rating of the wire as marked on the breaker. Where a dual (60/75 °C) temperature
rating is shown, a test shall be conducted for each wire size or for the most adverse one if it can be
determined.

9.14.2.7 Eadh pole of a multipole circuit breaker shall be tested separately.
9.14.2.8 Thermal trip-out tests shall be conducted at room temperature.
9.15 Short-dircuit (high-level) test for motor control center units
9.15.1 Testing requirements

9.15.1.1 The tests described in Clause 9.15 are optional tests\intended to evaluate combination motor
control units rated at short-circuit current levels greater than thevalues given in Table 31.

9.15.1.2 Unifs containing only control-circuit componenis with a short-circuit protective dgvice shall not
be required tq be tested in accordance with Clauset9.15. These units shall be assigned p short-circuit
current rating| not greater than the interrupting.rating of the short-circuit protective dgvice, but not
exceeding 10Q kA.

9.15.1.3 Unifs containing combination:.rmotor controllers not previously tested to the applicable high
current requirgments as referenced in Annex C, item 10, shall be tested as outlined in Clauses 9.15.1.6 to
9.15.5.

9.15.1.4 If the interrupting rating of a circuit-breaker in a combination starter is lower than|the proposed
marked short{circuit currefit rating of the combination starter in accordance with Clause 6.3.10, the
combination shall be evaluated and subjected to the appropriate requirements as describef in Annex C,
item 7.

9.15.1.5 Unifs\ containing combination motor controllers that have been previously 1ested to the
applicable high current requirements referenced in Annex C, item 10, shall be fested as outlined in
Clauses 9.15.1.6 t0 9.15.5.5 except as modified by Clause 9.15.6.

9.15.1.6 The test circuit shall have the characteristics specified in Table 39.

9.15.1.7 If multiple short-circuit tests are required in accordance with Clause 9.15.5.3, after each short-
circuit operation, the contacts of the motor control devices or the entire motor control device may be
replaced and new current elements may be installed in the overload relay. The same sample may be used
provided that no additional impedance is introduced. If an overload relay employs non-interchangeable
current elements, the entire overload relay may be replaced.

9.15.1.8 Alternating-current tests shall verify ac ratings only. Direct-current tests shall verify dc ratings
only. See Annex A, Clause A2, for ac circuit calibration. See Annex A, Clause A3, for dc circuit calibration.
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9.15.1.9 Incoming line circuit connections and calibrations shall be made in accordance with Clause
9.10.7 and 9.10.8.

9.15.2 Sample selection and preparation

9.15.2.1 A unit having the smallest dimensions and the least provision for pressure relief shall be
selected.

9.15.2.2 During the test, the section or sections shall be mounted as in service, with the sample unit
mounted in the section. The unit door shall be held closed only by the intended latch mechanism and
securement means. No other units need to be installed, but all doors and covers shall be in place, and
unused openings shall be closed.

9.15.2.3 The load-terminal connections for motor starter units shall be made with-leads of insulated
copper wire, €ach of which has an ampacity, as specified in Table 18, of at least 125,% of{the maximum
full-load motof-current rating of the current element. Unless the unit is marked for-75 °C wirg only, the wire
shall be acceptable for a temperature of 60 °C for a full-load current rating of 100 A or lesis and shall be
acceptable fgr 75 °C for a full-load current rating greater than 100 A. The load-terminal Jeads shall be
connected together. Each load lead shall not be longer than 1.2 m (4 ft).

9.15.2.4 Th¢ metal enclosure shall be connected to the phase ofthe source of supply thdt is connected
to the pole jufiged as having the least risk of arcing to ground. Thé&”connection shall be mgde to the load
side of the linjiting impedance by a 5.3 mm? (10 AWG) solid copper wire that is 1.22 to 1.83 m (4 to 6 ft)
long. Continuity shall be verified between the enclosure and‘the pole least at risk of arcing tofground.

9.15.2.5 Folf equipment marked 600Y/347 or 480Y7277 V, or a wye voltage rating| greater than
600Y/347V, the enclosure shall be connected to thescenter of the wye.

9.15.3 Overlload relay

9.156.3.1 Salnples for the test shall be selected among motor control devices employing the largest and
smallest currgnt element that can be‘used with the protective device specified for the motor ¢ontrol device.

9.156.3.2 ThI maximum number of current elements that can be accommodated by the deyice shall be in
place during ¢ach test. Three-phase tests shall be considered to cover single-phase tests for a device of
the same desjgn.

9.156.3.3 A dolid state overload relay with line terminals, load terminals or both shall bg selected and
tested accordjng't0'9.15.3.1 and 9.15.3.2. A pass through overload relay having no main tefminals, where
power conductorspass-throughrcurrenttransformersomnty, Tmay be evatuated by a singte representative
sample specified for the motor controller.

9.15.4 Protective devices

9.15.4.1 For combination motor control units with circuit-breakers, the protective devices used for the
test shall be the largest used in a manufacturer's selection process.

9.15.4.2 For a motor control device or overload relay intended to be used with fuses, the protective
devices used for the test shall be sized in accordance with Table 28 and shall be selected as follows:

a) Fuses specified for branch-circuit protection for motor control devices rated over 10 000 A shall
be limited to high-interrupting capacity, current-limiting types (e.g., Class CC, G, J, L, R, and T),
with the following exception: a motor control device rated 37 kW (50 hp) or less and tested at
10 000 A may specify Class H or K fuses for motor-branch-circuit protection.
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b) A motor control device that is required to be used with RK1 or RK5 fuses shall be tested with
fuses having I°t and I, characteristics for Class RKS fuses. All references to Class R fuses are
intended to mean fuses with energy let-through, I%t, characteristics of Class RK5 fuses.

c) A Class CC, G, J, L, R, or T fuse shall be selected such that, when tested on a single-phase
circuit, the peak let-through current and clearing I’t are not less than the maximum value
established for the fuse that is intended to be used with the controller being tested (see Annex C,
items 18 to 26). For a fuse with I, and It limits established for several different short-circuit current
levels, the test fuse shall be selected so as to have at least the maximum values of the current
corresponding to the marked short-circuit current rating of the motor control device. The following
conditions shall apply:

1) a test limiter may be used in place of the fuses;

9.154.3 Ifa
selected cons|
breakers and

9.15.5 Procé¢dure for combination controllers not previously tested at high current

9.1551 Ac
9.15.5.5. The
copper bar, an
short-circuit cu
the unit shall b

9.15.5.2 The
for dc circuits.

9.15.5.3 For
shall be close
Table 40: one
which the con
be required to
closing test or
control device
the disconnec

2) combination motor controller self-protecting control devices shall-'be
integral short-circuit and ground-fault protection.

stent with their coordination in accordance with the standards for moulded
ircuit-breaker enclosures (see of Annex C, item 7).

bmbination controller shall be tested according-to the requirements in Claus
terminals of the test circuit described in Clause 9.10.7 shall be connected
d the test circuit shall be calibrated as described in Clause 9.10.7 at the maxin
rrent for which the motor control deviceiis rated. The short-circuit current leve
e one of the values shown in Table 2.

test circuit shall have the charagteristics specified in Table 39 for ac circuits

the short-circuit-closing,test (“CO” shot), each switching device of the motor
| on the test circuitsThere shall be separate tests for each switching device, 3
in which the diseennecting means, when provided, is closed on the circuit, an
actor is closed'on the circuit. Complete physical closure of the switching con
be established. When complete physical closure of the switching contact is es
the disconnecting means shall be able to cover the withstand test (“O” shot
andhe closing test on the motor control device shall be able to cover the wit
ing.means. To determine whether complete physical closure of the contacts

brovided with

test shall be performed on series-connected circuit-breakers, the)circuit-breakers shall be

-case circuit-

ps 9.15.5.2 to
fogether by a
num available
and rating of

and Table 42

control device
s specified in
d a second in
acts shall not
tablished, the
on the motor
hstand test on
has occurred,

n of the short-circuit current and \mltngn traces hetween circuit initiatiod

and current

the oscillogra

interruption by the protective device shall be reviewed. A smooth sinusoidal waveform in this area of the
trace shall be an indication of complete physical closure.

9.15.5.4 The equipment shall be subjected to the number and type of operations specified in Table 40
and shall comply with Clause 8.3.15. Tests shall be conducted with random closing of the test circuit.

9.15.5.5 When closing the circuit on the equipment ("O" shot), the disconnecting means and the motor

control device

shall be in the fully closed position.

9.15.6 Procedure for combination motor controllers previously tested at high current

The procedure shall be the same as that outlined in Clause 9.15.5 except the combination motor control
unit shall be subjected to a single "O" test with each switching device in the closed position prior to

energizing the

test circuit.
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9.16 Dielectric voltage-withstand test (after high-level short-circuit test — motor control center
units)

9.16.1 The combination motor controller, main, or feeder unit tested in accordance with Clause 9.15 shall
be subjected to the test voltage for 1 min at a 50 or 60 Hz essentially sinusoidal potential, as follows:

a) the unit may be located outside the motor control center;
b) a motor controller may be disconnected during the test;

c) the test potential shall be twice the voltage at which the short-circuit test was conducted, but not
less than 900 V;

d) the|test voltage shall be applied between a live part and the unit frame with the disconnect
switch|or circuit-breaker contacts both open and closed;

e) the|test voltage shall be applied between the line and load side of the disconhect switch or
circuit{breaker contacts with the contacts open.

NOTE Where it §s more convenient to do so, the dielectric strength test may be made by\applying a dc voltagg instead of an ac
voltage, provided that the voltage used is 1.4 times the values specified above.

9.16.2 The fest potential shall be supplied from a transformer ds_detailed in Clause 9.5.4, following the
described method of application.

9.16.3 See Clauses 9.5.2 to 9.5.5 for other test details, as,applicable.
9.17 Trip-out test for circuit-breakers (after high-level unit short-circuit test)
9.17.1 Magnetic trip-out test for circuit-breakers used with Type D and Type E controllers

9.17.1.1 Each pole shall be subjected'toa magnetic trip-out test at the setting used duringd the high-level
unit short-cirduit test and shall perform-in accordance with the requirements of Clause 8.3{17. The initial
test current shall be set at some value below the trip setting and adjusted upward until the breaker trips.

9.17.1.2 The test method may be impulse testing with synchronous closing or with anothé¢r method that
has been found to give aceurate indication of the current at the tripping point.

9.17.2 Inverse-time trip-out test for circuit-breakers used with Type C controllers

9.17.2.1 When-tested-underthe-conditions-specified-in-Clauses 91722 to- 9172 8 breakers carrying
250 % of their rated current shall operate within the time limits given in Table 33. If the pole under test does
not trip within the time indicated in Table 33, the current shall be immediately increased to 400 % of rated
current under which condition the pole under test shall trip within 2 additional minutes. This additional
400 % test shall be made on only one pole of a multipole circuit breaker.

9.17.2.2 Breakers may be mounted in any position unless there are features that can affect their test
performance if not mounted in some particular position.

9.17.2.3 The tests may be made at any convenient voltage, and with either ac or dc if the breaker is
suitable for both. The tests shall be made with ac for a breaker marked for ac only or with dc for a breaker
marked for dc only.

9.17.2.4 If breakers are marked specifically for a given frequency, tests shall be conducted at that
frequency. If the frequency is not marked, a 48 to 62 Hz supply shall be used.
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9.17.2.5 Except as specified in Clause 9.17.2.6, the conductors used in connecting a breaker for the
calibration tests shall be of copper, or aluminum if the breaker is marked for use with aluminum conductors
only, not less than 1.2 m (4 ft) in length. The size of the conductor shall be chosen in accordance with
Table 18 for 75 °C insulation.

9.17.2.6 For a breaker rated more than 30 A but not more than 125 A, the conductor size shall be based
on the temperature rating of the wire as marked on the breaker. Where a dual (60/75 °C) temperature
rating is shown, a test shall be conducted for each wire size or for the most adverse one, if it can be

determined.

9.17.2.7 Each pole of a multipole circuit breaker shall be tested separately.

9.17.2.8 The
9.18 Strengf

To determine
intended and
rated ampacit
terminal clamq
equipment ma
110 % of the h

9.19 Comparative deflection test

A force shall
door or cover,
the end, side
deflection, bof|
both the test 3
enclosure.

rmal trip-out tests shall be conducted at room temperature.
h of insulating base and support tests

hat an insulating base complies with the requirement, the equipment shall b
may be fitted with a short length of rigid conduit. A short length-of field-wiring
y shall be routed through the conduit, if fitted, and connécted to the termin
ing screw shall be tightened to 110 % of the value of torque specified on the e
rked for use with copper and aluminum conductors, thé.wire connectors shall
ghest torque value marked for either conductor.

using a flat face of a steel bar 12.7 mim x 12.7 mm (0.5 in x 0.5 in). Force shal

and rear walls of each enclosure or barrier. The values of the force an
h of which shall be measured and recorded, are not specified, but the force o
nd reference enclosures shall"be sufficient to result in a measurable deflecti

a)

nsformer starter test

e mounted as
conductor of
al. The wiring
Quipment. For
be torqued to

e applied at any point on the surface of the enclosure or barrier except for @ point on the

be applied to
d the limit of
h each wall of
bn on the test

from the taps
and rest, the

’

repeated for a total of 15 cycles in the case of automatically operated starters or for a total of 4
cycles in the case of manually operated starters; and

nd 225 s OFF

b) for automatically operated starters rated between 200 and 3 000 hp, the test shall comprise a

duty cy

cle of 30 s ON and 30 s OFF for a total of 3 cycles.

This test may be terminated before the end of the specified period if the autotransformer is prevented from
overheating by a reliably operating, nonadjustable thermostat or similar device.

After undergoing the test, the starter shall comply with Clause 8.3.20.
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9.21 Insulating barrier dielectric

The barrier material shall be placed between two metal electrodes. The electrodes shall be cylindrical
brass or stainless steel rods 6.4 mm (1/4 in) in diameter with edges rounded to a 0.8 mm (1/32 in) radius.
The test potential shall be increased to the required test value and shall be maintained for 1 second.

9.22 Factory tests
See Annex F.

10 Application

See Annex H
TABLES
Table 1
Common voltage ratings
(Clause 5.2)
System Common voltage fratings
Numpber of phases Number of wires Volts
1 2 120, 240, or 27f ac
1 3 120/240 or 208Y/[120 ac
3 (derived fron] 3-phase, 4-wire system) 3or4 208Y/120, 220Y/127,440Y/254,
480Y/277,400Y/217, 6p0Y/347, or
690Y/400 a
3 120, 240, 480, 600, 690, or 1 000 ac
4>wire delta with the neutral at 240/120 ad
midpoint of one phase

NA 2 125dc

3 125/250 dd
2 250 dc
2 500 dc
2 600 dc
2 750 dc
2 800 dc
2 850 dc
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Table 2
Unit short-circuit current ratings

(Clauses 5.4.1 and 9.15.5.1)

RMS symmetrical or dc amperes

5000 42 000

7500 50 000

10 000 65 000

14 000 85000

18 000 100 000

22 000 125000

25000 150 000

30000 200 000

35000

Table 3
Bus structure
Short-circuit current ratings
(Clauses 5.4.4, 8.3.10, and 9.107)
RMS symmetrical or dc amperes

22000 85000

25000 100 000

42000 125 000

50 000 150 000

65 000 200 000

Table 4
Branch-circuit-short-circuit protection — copper conductors
(Clauses 6.3.53 and 8.2.14.2)
Control-kircuit wire size, Maximum rating of branch-circuit-protective device, amperes
mim? (AWE) Conductors within center enclosure | Conductors outside cehter enclosure

D 32'(22) 12 3
0.52 (20) 20 5
0.82(18) 25 7
1.3 (16) 40 10
2.1 (14) 100 45
3.3(12) 120 60
5.3 (10) 160 90
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Table 5
Allowable ampacities of insulated copper conductors inside motor control centers (based on a

room ambient temperature of 40 °C)

(Clause 8.2.13.1)

Conductors with 90 °C insulation Conductors with 105 °C insulation
Condl;ctor size, In small or In small or
mm* (AWG) nonventilated Large ventilated nonventilated Large ventilated
enclosure enclosure enclosure enclosure
0.20 (24) 1 2 1 2
0.32 (22) 2 3 2 3
0.52 (20 3 4 3 4
0.82 (18] 4 6 4 6
1.3 (16 6 9 6 9
21 (14 9 13 10 15
3.3(12 12 17 15 22
5.3 (10 18 27 22 35
8.4 (8) 31 47 35 55
13.3(6 45 67 52 80
2124 61 91 71 108
26.7 (3 70 104 80 121
33.6 (2 80 120 90 140
42.4 (1 94 144 107 164
53.5 (1/d) 110 164 133 190
67.4 (2/Q) 128 191 148 221
85 (3/0 148 221 171 257
107 (4/0 173 258 200 300
Table 6
Ampacity correction factors for multiple conductor groupings
(Clause 8.2.13.1)
Number of conductors Correction factor
1t03 1.00
4t06 0.80
7t024 0.70
25t042 0.60
43 and more 0.50
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Table 7
Marking locations for motor control centers
(Clause 6.3.2)
Clause Required marking® Location®
reference
General
6.2.2,6.3.5 Tables, diagrams, and electrical rating information other than as specified in C
Clause 6.2.1
6.3.12 “Suitable for use as service equipment.” or “Suitable for use as service A (see Clause 6.3.22)
equipment when not more than two main disconnecting devices are
installed.”
6.3.14 Instructions for installing the bonding means, in sections or units marked
“Suitable for use as service equipment.”
“Service disconnect.” see Claupe 6.3.15
3. 1. “Suitable only for use as service equipment when supplying a continuous A
industrial process.” or
2. “Suitable for use as service equipment only if supplying a continuous
industrial process.”
6.3.18 (1) For supplying a fire pump or (2) for an alternate source for legally required A
standby service or (3) for services where the neutral is not solidly gfounded.
6.3.19 Similar marking as above except for a motor control center seetion/or unit A
that has ground-fault protection with only audible or visual signal
6.3.23 “Bonded neutral — Must not be disconnected except for testing.” I
6.3.24 Identification of main bonding jumper, grounding electrtode conductor I
terminal, and the neutral disconnect link
6.3.37 Identification of Class 1 power supplies and the-circuits they supply C or on or nqgar the circuit
terminals (Clause 6.3.37)
6.3.37 Identification of Class 2 power supplies(and the circuits they supply C or on or ndgar the circuit
terminals (Clause 6.3.37)
6.3.43 The circuits that are protected.by.ground-fault protection (main, feeder, or BarC
branch)
6.3.45 “External source connection‘for control circuit of ground fault sensing and L
relaying equipment ~V*(ac or dc).”
6.3.46 “OPEN-OFF” or “CLOSED-ON" position for disconnecting means A
Wiring terminal markings
6.3.28, 6.3.29 | “Use Copper/Cu Wire Only.” E|3
6.3.28,6.3.30 | “Use'Copper or Aluminum Wire or Cu-Al.” d&
6.3.33 The required temperature rating of all field-installed conductors
6.3.35 The number and size of wires for which the terminal is acceptable C
6.3.28,6.3.31 | “Use Copper/Cu Wire Only Except at Terminals B
6.3.36 The specific tightening torque for the terminals C
6.3.41 Pressure terminal connectors or component terminal assemblies that are C
acceptable for use with the equipment
6.3.42 Same as above, except with instructions for special terminations C
6.3.57 b) The IEC Symbol No. 5019 for the equipment grounding terminal Adjacent to the equipment
grounding terminal
6.3.70 Instructions for disconnecting the bonding conductor that connects the Temporary tag or instruction

neutral assembly to the enclosure.

sheet

Cautionary

Table 7 Continued on Next Page
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Table 7 Continued

Clause Required marking® Location®
reference
6.3.44 “WARNING” and the following or equivalent: “RISK OF FIRE AND On or adjacent to the neutral.
ELECTRICAL SHOCK — DO NOT CONNECT GROUNDING
CONDUCTORS TO THESE OR ANY OTHER NEUTRAL TERMINALS; TO
DO SO WILL DEFEAT GROUND-FAULT PROTECTION.”
6.3.47 “DANGER” and the following or equivalent “RISK OF ELECTRIC SHOCK. A
THIS MAIN DOES NOT DISCONNECT CONTROL AND INSTRUMENT and
CIRCUITS.” on the dead front adjacent to
the main disconnect
6.3.59 All cautionary markings A*
6.3.60 “CAUTION”, “WARNING?”, or “DANGER” On all cautionary markings.
6.3.64 “WARNING: MORE THAN ONE LIVE CIRCUIT. SEE DIAGRAM.” A
6.3.68 “WARNING: TWIST WIRES TOGETHER BEFORE INSERTING IN Adjacent to the grounding
TERMINAL.” and “COPPER WIRES MUST NOT BE MIXED WITH terfninal

ALUMINUM WIRES IN THE SAME TERMINAL HOLE.”

® The marking |
A Marking sh

A * Same as

b) that c
B Marking sh
a) when
b) when

c) when

@ These are brig

Markings may 4

a) that W

C See Clauss
D Each part ghall be identified by a marking((i.e.; a label or a direct marking) or tag located on or adjacent to the

f summaries of the marking requirements. For complete details, see the specific clatuse reference.
cations for the corresponding letters are as follows:

Bl be plainly visible after installation. Markings shall be visible without removing the trim or cover o
e on the front of the enclosure or on the inside of a hinged door.

A\, except (see Clause 6.3.59) marking shall be located on a part
lould require tools for removal; or

annot be removed without impairing the operation of the_product.
Bl be visible

the enclosure cover is removed or the door is opeh;

lother devices are mounted nearby as intended;

devices are installed side by side.

6.3.11.

the enclosure.

part.

Table 8
Marking locations for motor control center sections
(Clause 6.3.2)
Clause Required marking® Location®
reference
General
6.3.4 Manufacturer’s name or trademark and type designation, serial number, or A
equivalent factory identification code
6.3.5 Electrical ratings and enclosure type A
6.3.5 Termination and wiring information B
6.3.6 Short-circuit current rating of N/A for sections not containing bus A
6.3.8 Short-circuit-current rating of a section shall be part of a marking containing the A
manufacturer’s name or other required marking.
6.3.9 “Short-circuit-current rating ___ A rms symmetrical ____V maximum. Do not A
install on circuits with available short-circuit currents higher than the lowest
short-circuit current rating of any installed unit” or the equivalent

Table 8 Continued on Next Page
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Table 8 Continued
Clause Required marking® Location®
reference
6.3.9 “When used with ___ ampere maximum Class ___ fuses (type ___ circuit- A
breaker), this motor control center section is acceptable for use on a circuit
capable of delivering not more than ___ A rms symmetrical, ___ V maximum.”
6.3.34 “Field installed incoming supply conductors up to 90 °C ampacity rating are Adjacent to the incoming
permitted.” terminals
6.3.36 The minimum value of torque that shall be applied to the terminal screws Adjacent to the terminals
6.3.48 “TOP ENTRY ONLY” and “BOTTOM ENTRY ONLY.” Adjacent to the incoming
terminals
6.3.58 a) Tirecatatogueortype o of thetermimatassembty-imterdedtobeused B
6.3.58 b) Hroper installation instructions for terminal assembly
6.3.61 Tlhe type of bracing to be added to cables routed through the section between Adjacent to the incoming
the point of entry and the incoming terminals termjnals
6.3.63 Hlammable mounting surfaces B
6.3.69 Qonnect the secondary neutral conductor to a grounding electrode in See Clause 6.3.11
gccordance with existing installation requirements pertaining to separately
derived systems
@ These are brief summaries of the marking requirements. For complete details see the specific clause reference.
® The marking lofations for the corresponding letters are as follows:
A Markings shall be plainly visible after installation. Markings shall be visible without removing the trim or cgver of the
enclosurg.
Markingg may be on the front of the enclosure or on the inside of a hinged door.
B The marking shall be provided on the section, on the devicey.or in the pocket.
C See Clause 6.3.58 b).
Table 9
Marking locations for motor control center units
(Clause 6.3.2)
Clause Required marking® Location®
reference
General
6.3.4 Manufacturer’s name or trademark and type designation, serial number, or A
eguivalent factory identification code
6.3.5 Hleetrical ratings, enclosure type, and termination and wiring information A
6.3.10 “Unit short-circuit-current rating ___ A rms symmetrical, ___V maximum, when A
equipped with ___” or the equivalent
6.3.10 “When used with ___ ampere maximum Class ____ fuses (type ____ circuit- A
breaker), this motor control center unit is acceptable for use on a circuit capable
of delivering not more than ____ rms symmetrical A, ____ V maximum.” or the
equivalent
6.3.34 “Field installed incoming supply conductors up to 90 °C ampacity rating are Adjacent to the incoming
permitted.” terminals
6.3.50 The protective device accessory kit to be used with the controller units Wiring diagram/installation
instructions
6.3.50 The voltage and current rating together with the designation of the fuse or B (near the fuseholder)
equivalent, or

Table 9 Continued on Next Page
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Table 9 Continued

Clause Required marking® Location®
reference
same as above, except the short-circuit current rating shall also be provided B (near the fuseholder)
6.3.53 The maximum control-circuit protective device size of control-circuit wire used Wiring diagram/installation
within the equipment instructions
6.3.55 The maximum current rating of the fuse (i.e., other than a supplementary fuse) B (near the fuseholder)
to be used
6.3.56 Class of replacement fuse if Class G or Class K B (near the fuseholder)
6.3.71 Instructions for instantaneous-trip breaker adjustment and overload-relay A (or see Clause 6.3.11)
current-element selection
6.3.71 Maximum size of protective device in a combination motor control unit
Cautionary
6.3.11 ICAUTION: SEE FOR INSTRUCTIONS AND SETTING f\*
NFORMATION.”
6.3.49 IWARNING” and the following or the equivalent: “THE OPENING OF THE f\*
BRANCH-CIRCUIT PROTECTIVE DEVICE CAN BE AN INDICATION THAT A
FAULT CURRENT HAS BEEN INTERRUPTED. TO REDUCE THE RISK OF
FIRE OR ELECTRIC SHOCK, CURRENT-CARRYING PARTS AND OTHER
COMPONENTS OF THE COMBINATION CONTROLLER SHOULD BE
FXAMINED AND REPLACED IF DAMAGED. WHEN A FAULT CURRENT HAS
BEEN INTERRUPTED, THE COMPLETE OVERLOAD RELAY MUST BE
REPLACED.”
6.3.65 WARNING: CAPACITIVE VOLTAGES ABOVE 50 V CANC(REMAIN FOR f\*
B AFTER POWER IS DISCONNECTED.”
6.3.67 [Varning that a motor can start automatically when the.relay is in the automatic f\*
feset position.

@ These are brig

® The marking |

A Markings s

Markings may b

A* Same as
a) that

b) that G

B Marking shall

a) when
b) when

c) when

f summaries of the marking requirements. For'complete details, see the specific clause reference.
cations for the corresponding letters are as follows:

hall be plainly visible after installation.(Markings shall be visible without removing the trim or cover
e on the front of the enclosure, on'the unit, or on the inside of a hinged door.

\, except (see Clause 6.3.59) marking shall be located on a part

ould require tools for refayal; or

pnnot be removed witheut impairing the operation of the product.

be visible

the enclosure Cover is removed or the door is open;

other devices are mounted nearby as intended;

devices are installed side by side.

pf the enclosure.
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Table 10

Construction of combination motor control units

(Clause 8.2.11.1)

CSA C22.2 No. 14

NMX-J-515-ANCE

CSA C22.2 No. 14
NMX-J-515-ANCE

CSA C22.2 No. 14
NMX-J-515-ANCE

Component function
Construction Construction
requirements Component? Disconnect Branch Motor Motor
type (clause) circuit control overload
protection
A 8.2.11.3- Manual disconnect
8.2.11.6 Fuse X
Magnetic or solid state motor
controfer
Overload relay X
C 8.2.11.3 - Inverse-time circuit breaker X
8.2.11.6, and - -
Magnetic or solid state motor
8.2.11.9 controller
Overload relay X
D 8.2.11.3 - Instantaneous-trip circuit- X
8.2.11.7, and breaker
8.2.11.9 Magnetic or solid-state motor
controller
Overload relay X
E 8.2.11.3 - Self-protected control device X X
8.2.11.4 and
8.2.11.6 —
8.2.11.9
2@ Tests are condycted on the identical components according to(the applicable requirements from the clauses listed|
Table 11
Various constructions of combination motor control units
(Clauses 8.2.11.2, 8.2.11.6, and 8.3.1 and Table 35)
Construction type
Component A Cc D E
parts
Disconnecting Manual disconnect Circuit-breaker Circuit-breaker
means UL 98 UL 489 UL 489
CSA C22.2 No. 4 or CSA C22.2 No. 5 CSA C22.2No. 5
CSAC22.2No.5 NMX-J-266-ANCE NMX-J-266-ANCE
NMX-J-162-ANCE
Short-circuit Fuse UL 248 series Inverse time trip circuit- Instantaneous-trip circuit-
protective CSA C22.2 No. 248 breaker UL 489 breaker UL 489 Self-protected
device NMX-J-009/248-ANCE CSA C22.2 No. 5 CSA C22.2 No. 5 control device
NMX-J-266-ANCE NMX-J-266-ANCE UL 508
- - - CSA C22.2No. 14
Motor Magnetic UL 508 Magnetic UL 508 Magnetic UL 508 NMX-J-515-ANCE
controller CSA C22.2No 14 CSA C22.2 No. 14 CSA C22.2 No. 14
NMX-J-515-ANCE NMX-J-515-ANCE NMX-J-515-ANCE
Overload Overload relay Overload relay Overload relay
protection UL 508 UL 508 UL 508

NOTE Tests are conducted on the individual components in accordance with the standards shown in the table following each
component. See Annex D for a list of applicable standards.
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Table 12
Overcurrent protection — copper conductors

(Clauses 6.3.55, 8.2.14.1, and 8.2.15.4)

Control-circuit wire size, Maximum protective device rating, amperes
mm? (AWG)
0.20 (24) 2
0.32 (22) 3
0.52 (20) 5
0.82 (18) 7
+=3(16) 10
2.1 (14) 20
3.3(12) 25
5.3 (10) 35

Table 13
Maximum acceptable rating of primary overcurrent device

(Clause 8.2.15.1)

Maximum rating of overcurrent proteclive device
expressed as a percentage of transformer primary current
Rating primary current, amperes rating
Less than 2 500
2tolessthan 9 167
9 or more 125°

2 See Clause 8.p.15.3.

Table 14
Maximum, aceeptable rating of secondary overcurrent device

(Clause 8.2.15.3)

Maximum rating of overcurrent proteciive device
expressed as a percentage of transformér secondary
current rating

Raring secondary current, amperes
' Less-thano ppe
9 or more 1252

2 See Clause 8.2.15.3.
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Table 15
Full-load motor-running currents in amperes corresponding to
various ac horsepower ratings (110 — 240 V)
(Clauses 8.2.16.3 b), 8.2.26.1, 9.3.8, and 9.6.3 and Table 31)
110 — 120 Volts 200 Volts 208 Volts 220 — 240 V*?
Single- Three- Single- Three- Single- Three- Single- Three-
KW (Hp) phase phase phase phase phase phase phase phase
0.08 (1/10) 3.0 - - - - - 1.5 -
0.09 (1/8) 3.8 - - - - - 1.9 -
0.13 (1/6) 4.4 - 25 - 24 - 2.2 -
0.19 (1/4) 5.8 - 3.3 - 3.2 - 2.9 -
0.25 (1/3) 7.2 - 4.1 - 4.0 - 3)6 -
0.37 (1/2) 9.8 4.4 5.6 25 54 24 4.9 2.2
0.56 (3/4) 13.8 6.4 7.9 3.7 7.6 3.5 6.9 3.2
0.75 (1) 16.0 8.4 9.2 4.8 8.8 46 8.0 42
1.1 (1-1/2) 20.0 12.0 1.5 6.9 11.0 6.6 10.0 6.0
1.5(2) 240 13.6 13.8 7.8 13.2 7.5 12.0 6.8
2.2(3) 34.0 19.2 19.6 11.0 187 10.6 17.0 9.6
3.7(5) 56.0 30.4 322 17.5 30.8 16.7 28.0 15.2
5.6 (7-1/2) 80.0 44.0 46.0 25.3 44.0 242 40.0 22.0
7.5(10) 100.0 56.0 57.5 322 55.0 30.8 50.0 28.0
11 (15) 135.0 84.0 - 4833 - 46.2 68.0 42.0
15 (20) - 108.0 - 62.1 - 59.4 88.0 54.0
19 (25) - 136.0 - 78.2 - 74.8 110.0 68.0
22 (30) - 160.0 - 92.0 - 88.0 136.0 80.0
30 (40) - 208.0 + 120 - 114 176.0 104.0
37 (50) - 260.0 - 150 - 143 216.0 130.0
45 (60) - - - 177 - 169 - 154.0
56 (75) - = - 221 - 211 - 192.0
75 (100) - - - 285 - 273 - 248.0
93 (125) - - - 359 - 343 - 312.0
112 (150) ~ - - 414 - 396 - 360.0
149 (200) — - — 552 - 528 - 480.0
186 (250) - - - - - - - 604.0
224 (300) - - - - - - - 722
261 (350) - - - - - - - 828
298 (400) - - - - - - - 954
336 (450) - - - - - - - 1030
583 (500) - - - - - - - 1180
2 To obtain full-load currents for 265 and 277 volt motors, decrease 220 — 240 volt ratings by 13 and 17 %, respectively.
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Table 16

Full-load motor-running currents in amperes corresponding to

various ac horsepower ratings (380 — 600 V)

380-415V 440 - 4380 V 550 — 600 V
KW (Hp) Single-phase Three-phase Single-phase Three-phase Single-phase Three-phase
0.08 (1/10) 1.0 - - - - -
0.09 (1/8) 1.2 - - - - -
0.13 (1/6) 1.4 - - - - -
0.19 (1/4) 1.8 - - - - -
0.25 (1/3) 2.3 - - - - -
0.37 (1/2) 3.2 1.3 25 1.1 20 0.9
0.56 (3/4) 45 1.8 35 1.6 2.8 1.3
0.75 (1) 5.1 23 4.0 2.1 3.2 1.7
1.1 (1-1/2) 6.4 3.3 5.0 3.0 4.0 24
1.5(2) 7.7 43 6.0 34 4.8 2.7
2.2(3) 10.9 6.1 8.5 4.8 6.8 3.9
3.7(5) 17.9 9.7 14.0 76 11.2 6.1
5.6 (7-1/2) 27.0 14.0 21.0 11.0 16.0 9.0
7.5(10) 33.0 18.0 26.0 14.0 20.0 11.0
11 (15) 44.0 27.0 34.0 21.0 27.0 17.0
15 (20) 56.0 34.0 44.0 27.0 35.0 22.0
19 (25) 70.0 44.0 55.0 34.0 44.0 27.0
22 (30) 87.0 51.0 68.0 40.0 54.0 32.0
30 (40) 112.0 66.0 88.0 52.0 70.0 41.0
37 (50) 139.0 83.0 108.0 65.0 86.0 52.0
45 (60) - 1038°0 - 77.0 - 62.0
56 (75) - 128.0 - 96.0 - 77.0
75 (100) - 165.0 - 124.0 - 99.0
93 (125) - 208.0 - 156.0 - 125.0
112 (150) - 240.0 - 180.0 - 144.0
149 (200) = 320.0 - 240.0 - 192.0
186 (250) - 403.0 - 302.0 - 242.0
224 (300) - 482.0 - 361.0 - 289.0
261 (350) - 560.0 - 414.0 - 336.0
298 (400) - 636.0 - 477.0 - 382.0
336 (450) - - - 515 - 412
583 (500) - 786.0 - 590.0 - 472.0



https://ulnorm.com/api/?name=UL 852 2021.pdf

86

NMX-J-353-ANCE-2021 ¢ CSA C22.2 No. 254:21 ¢+ UL

845

JUNE 28, 2021

Table 17

Full-load motor-running currents in amperes corresponding to various dc horsepower ratings

(Clauses 8.2.16.3 b), 8.2.26.1, and 9.6.3 and Table 31)

kW (hp) 90V 110-120V 180V 220-240V 500 V 550 — 600 V
0.08 (1/10) - 2.0 - 1.0 - -
0.09 (1/8) - 2.2 - 1.1 - -
0.13 (1/6) - 24 - 1.2 - -
0.19 (1/4) 4.0 3.1 2.0 1.6 - -
0.25 (1/3) 5.2 4.1 2.6 2.0 - -
0.37 (1/2) 6.8 54 34 2.7 - -
0.56 (3/4) 9.6 7.6 4.8 3.8 - 1.6

0.75 (1) 12.2 9.5 6.1 4.7 = 2.0
1.1 (1-1/2) - 13.2 8.3 6.6 = 27

1.5(2) - 17.0 10.8 8.5 - 3.6

2.2(3) - 25.0 16.0 12.2 - 52

3.7 (5) - 40.0 27.0 20.0 - 8.3
5.6 (7-1/2) - 58.0 - 29.0 13.6 12.2

7.5(10) - 76.0 - 38.0 18.0 16.0

11 (15) - 110.0 - 55.0 27.0 24.0

15 (20) - 148.0 - 72.0 34.0 31.0

19 (25) - 184.0 = 89.0 43.0 38.0

22 (30) - 220.0 L 106.0 51.0 46.0

30 (40) - 292.0 - 140.0 67.0 61.0

37 (50) - 360.0 - 173.0 83.0 75.0

45 (60) - - - 206.0 99.0 90.0

56 (75) - — - 255.0 123.0 111.0

75 (100) - - - 341.0 164.0 148.0

93 (125) - - - 425.0 205.0 185.0
112 (150) - - - 506.0 246.0 222.0
149 (200) - - - 675.0 330.0 294.0

Table 18
Ampacity of insulated conductors for field wiring
(Clauses 8.2.16.3, 8.2.16.5, 8.2.17, 9.6.3, 9.14.2.5, and 9.17.2.5)
Wire size 60 °C 75°C 90 °C

mm? (AWG or Copper Aluminum Copper Aluminum Copper Aluminum

kcmil)

0.20 (24) 2 - - - -

0.32 (22) 3 - - - -

0.52 (20) 5 - - - -

0.82 (18) 7 - - 14 -

Table 18 Continued on Next Page
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Table 18 Continued
Wire size 60 °C 75°C 90 °C
mm? (AWG or Copper Aluminum Copper Aluminum Copper Aluminum
kemil)
1.3 (16) 10 - - - 18 —
2.1 (14) 15 - 15 - 25 -
3.3 (12) 20 15 20 15 30 25
5.3 (10) 30 25 30 25 40 35
8.4 (8) 40 30 50 40 55 45
13.3 (6) 55 40 65 50 75 60
21.2 4) 70 55 85 65 95 75
26.7 3) 80 65 100 75 140 85
33.6 2) 95 75 115 90 130 100
424 1) 1102 85° 130 100 150 115
53.5 (1/0) - - 150 120 170 135
67.4 (2/0) - - 175 135 195 150
85.0 (3/0) - - 200 155 225 175
107 (4/0) - - 230 180 260 205
127 (250) - - 255 205 290 230
152 (300) - - 285 230 320 260
177 (350) - - 310 250 350 280
203 (400) - - 335 270 380 305
253 (500) - - 380 310 430 350
304 (600) - < 420 340 475 385
355 (700) - - 460 375 520 425
380 (750) - - 475 385 535 435
405 (800) - - 490 395 555 445
456 (900) = - 520 425 585 480
506 (1000) - - 545 445 615 500
633 (1250) - - 590 485 665 545
760 (1500) - - 625 520 705 585
887 (1750) - - 650 545 735 615
1010 (2 000) - - 665 560 750 630

NOTE For a multiple conductor connector at a terminal,
AWG) or larger that the terminal will accommodate.

® Applicable only to incoming supply conductors in accordance with 8.2.17.

the value shall be multiplied by the number of conductors 53.5 mm? (1/0

2 If the motor control center is marked to indicate that 75 °C (167 °F) wire shall be used at the terminal, the acceptable current is
130 A for a copper conductor and 100 A for an aluminum conductor.
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Table 19
Electrical spacings?®

(Clauses 8.2.2.7,8.2.7.4,8.2.20.3, 8.2.27.1,8.2.27.2,8.2.27.4, 8.2.27.9, 8.2.33.2, 8.3.10, and 9.5.2)

Minimum spacing, mm (in)
Between live parts of opposite polarity Between live parts and
Voltage involved Through air Over surface grouna?;a :nnJeJSL':Z[.tff'aT; ough
0-150 12.7 (0.5) 19.1 (0.75) 12.7 (0.5)
151 -300 19.1 (0.75) 31.8 (1.25) 12.7 (0.5)
301 -600 25.4 (1) 50.8 (2) 25.4° (1)
601 — 1000 38 (1-1/2) 63 (2-1/2) c c

@ An isolated dedd metal part, such as a screw head or a washer, interposed between uninsulated live parts’of opppsite polarity or
between an uninsulated live part and grounded dead metal, is considered to reduce the spacing by an amount equgl to the
dimension of thelinterposed part along the path of measurement.

b A through-air spacing of not less than 12.7 mm (0.5 in) is acceptable
a) at a circujt-breaker or fusible disconnecting means;
b) between grounded dead metal and the neutral of a 3-phase, 4-wire motor control center.

¢ Through-air spficing required is 38 mm (1-1/2 in); over-surface spacings required is50 mm (2 in).

Table 20
Electrical spacings within motor control units

(Clauses 8.2.7.4, 8.2.27.1, 8.2.27.11, and 8.2.27.12)

Minimum spacing, mm (in)
Between unjnsulated live
Between uninsulated live parts of opposite polarity and parts and the walls of a
Voltage irjvolved between an.uninsulated live part and an exposed or metal enclosfire?, including
uninsulated dead metal part other than the enclosure fittings fof conduit or
armoured cable
Through air Over surface Shortest distance
0-1p0 3.2 (0.125)° 6.4 (0.25) 12.7(0.5)
151 -B00 6.4 (0.25) 9.5(0.375) 12.7(0.5)
301 —-p00 9.5 (0.375) 12.7 (0.5) 12.7(0.5)
601 — 1[000¢ 14.0 (0.55) 21.6 (0.85) ic

@ The enclosure fefers fo the section enclosure.
® The spacing befween wiring terminals of opposite polarity shall not be 1ess than 6.4 mm (0.25 n) if the terminals are in the same
plane. A metal piece attached to the enclosure shall be considered to be a part of the enclosure for the purpose of this note if
deformation of the enclosure is likely to reduce the spacing between the metal piece and a live part.

¢ Through-air spacing required is 20.3 mm (0.8 in); over-surface spacings required is 25.4 mm (1 in).

4 DC circuits derived from rectified ac circuits without increases to the peak nominal voltage may comply with the electrical
spacings of the ac supply voltage.
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Table 21

Dimensions of bushings

(Clause 8.2.27.8)

Trade size of IEC conduit Overall diameter Height
conduit designation mm (in) mm (in)
1/2 16 254 1.00 9.5 0.38
3/4 21 314 1.23 10.7 0.42
1 27 40.5 1.59 13.1 0.51
1-1/4 35 49.2 1.94 14.3 0.56
1-1/2 44 56-6 2-26 +5-4 0.59
2 53 68.7 2.70 15.9 0.63
2-1/2 63 81.8 3.22 19.1 0.75
3 78 98.4 3.88 20.6 0.81
3-1/2 91 112.7 444 238 0.94
4 103 126.2 4.97 254 1.00
4-1/2 NA 140.9 5.55 27.0 1.06
5 129 158.0 6.22 30.2 1.19
6 155 183.4 7.22 31.8 1.25
Table 22
Minimum width of gutter and wire-bending space®°
(Clauses 8.2.29:20% and 8.2.29.2.4)
Minimum bending space, terminal to wall, mm (in)
Size of wire Wires per terminal®
mm? or (AWG or kcmil) 1 2 3 4 5
21-53 (14-10) Not specified - - - -
8.4-13.3 (8-6) 38.1 (1.5) - - - -
21.1-26.7 (4-3) 50.8 2) - - - -
33.6 (2) 63.5 (2.5) - - - -
424 M 76.2 (3) - - - -
53.5-67.4 (1/0 — 2/0) 88.9 (3.5) 127 (5) 178 (7) - -
85.0-107 (3/0 — 4/0) 102 4) 152 (6) 203 (8) - -
127 (250) 114 (4.5) 152 (6) 203 (8) 254 (10) -
152 -177 (300 — 350) 127 (5) 203 (8) 254 (10) 305 (12) -
203 - 253 (400 — 500) 152 6) 203 (8) 254 (10) 305 (12) 355 (14)
304 — 355 (600 —700) 203 (8) 254 (10) 305 (12) 355 (14) 406 (14)
380 — 456 (750 — 900) 203 (8) 305 (12) 355 (14) 406 (16) 457 (18)
507 — 633 (1000 -1 250) 254 (10) - - - -
760-1010 (1500 -2 000) 305 (12) - - - -

NOTE Products manufactured for use only in Canada may use the values in Annex C, item 4.

@ The table includes only those multiple-conductor combinations that are likely to be used. Combinations not mentioned may be
given further consideration.

Table 22 Continued on Next Page
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Table 22 Continued

Minimum bending space, terminal to wall, mm (in)

Size of wire Wires per terminal®

mm? or (AWG or kcmil) 1 2 3 4 5

® The main connection for a neutral shall be considered to be a terminal; that is, neutral branch terminals shall not be included
when determining the number of wires per terminal.

¢ For ampacities of 110 A or less, and if the motor control center is marked to indicate the use of 60 °C or 75 °C wire, the wire-
bending space shall be based on the use of 60 °C insulated wire.

Table 23
Wire-bending space at terminals
(Clause 8.2.29.2.1)
Wire size, mmf (AWG or Minimum bending space, mm (in)?
kemily Wires per terminal
1 2 3 4 or more

21-53 14 -10) Not specified - - — - - -

8.4 (8) 38.1(1.5) - - - - - - -

13.3 (6) 50.8 (2) - - - - - - -

21.2 4) 76.2 (3) - - =~ - - - -

26.7 3) 76.2 (3) - - ~ - - - -

33.6 (2) 88.9 (3.5) - - - - - - -

42.4 (1) 114 (4.5) - < - - - - -

53.5 (1/0) 140 (5.5) - 140 (5.5) - 178 (7) - - -

67.4 (2/0) 152 (6) - 152 (6) - 191 (7.5) - - -

85.0 (3/0) 165(6.5) | [152(6)] | 165(6.5) | [152(6)] 203 (8) - - -

107 (4/0) 178 (7) [152(6)] | 191(7.5) | [152(6)] | 216(8.5) | [203 (8)] - -

127 (250) 216 (8.,5)\}.[165 (6.5)] | 216 (8.5) | [165(6.5)] | 229 (9) [203 (8)] 254 (10) -

152 (300) 254((10) [178 (7)] | 254 (10) [203 (8)] 279 (11) | [254 (10)] | 305 (12) -
177 (350) 305'(12) [229 (9)] | 305(12) [229 (9)] | 330(13) | [254 (10)] | 356 (14) | [305(12)]
203 (400) 330 (13) | [254 (10)] | 330(13) | [254(10)] | 356 (14) | [279(11)] | 381(15) | [305 (12)]
253 (500 356 (14) | [279 (11)] | 356 (14) | [279 (11)] | 381 (15) | [305(12)] | 406 (16) | [330 (13)]
304 (600) 381(15) | [305(12)] | 406 (16) | [330(13)] | 457 (18) | [381(15)] | 483 (19) | [406 (16)]
355 (700) 406 (16) | [330(13)] | 457 (18) | [381(15)] | 508 (20) | [432(17)] | 559 (22) | [483(19)]
380 (750) 432 (17) | [356 (14)] | 483 (19) | [406 (16)] | 559 (22) | [483(19)] | 610 (24) | [533 (21)]

405 (800) 457 (18) - 508 (20) - 559 (22) - 610 (24) -

456 (900) 483 (19) - 559 (22) - 610 (24) - 610 (24) -

507 (1000) 508 (20) - - - - - - -

633 (1250) 559 (22) - - - - - - -

760-1010 (1500 — 610 (24) - - - - - - -

2000)

NOTE Products manufactured for use only in Canada may use the values in Annex C, item 4.

@ The values in brackets apply to removable and lay-in wiring terminals intended for only one wire. A removable wiring terminal is
one that can be removed from its intended location without disturbing structural or electrical parts other than a cover and that can
be reinstalled with the conductor in place.
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Table 24
Wire space — Two wires, three wires, and four wires
(Clause 8.2.29.3.1)
Maximum size of wire Minimum width and Minimum area in square cm? (in?) required for multiple wires based on
or cable, mm? (AWG depth of wiring factor of 2.5
or kemil) space, mm (in) Two wires Three wires Four wires

3.3 (12) 9.5 (0.375) 0.9 (0.14) 1.4 (0.21) 1.8 (0.28)
5.3 (10) 9.5 (0.375) 1.5 (0.23) 22 (0.34) 3.0 (0.46)
8.4 (8) 12.7 (0.5) 2.8 (0.43) 4.1 (0.64) 5.5 (0.85)
13.3 (B) 159 (0 R25) 40 (0 62) 680 (0.93) 20 (1.24)
21.2 4) 19.1 (0.75) 5.2 (0.80) 7.7 (1.20) 10:3 (1.60)
26.7 (3) 19.1 (0.75) 5.9 (0.91) 8.8 (1.36) 1.7 (1.82)
33.6 2) 222 (0.875) 6.6 (1.03) 10.0 (1.55) 13.3 (2.06)
42.4 (1) 254 (1) 8.8 (1.36) 13.2 (2:04) 17.9 (2.72)
53.5 (1/0) 254 (1) 10.0 (1.55) 15.0 (2.33) 20.0 (3.10)
67.4 (2/0) 25.4 (1 15 (1.79) 17.3 (2.68) 23.1 (3.58)
85.0 (3/0) 28.6 (1.125) 13.4 (2.08) 201 (3.11) 26.9 (4.16)
107 (4/0) 31.8 (1.25) 15.6 (2.42) 23.4 (3.63) 31.2 (4.84)
127 250) 34.9 (1.375) 19.1 (2.96) 28.6 (4.44) 38.2 (5.92)
152 300) 38.1 (1.5) 22.1 (3,42) 33.1 (5.13) 44 1 (6.84)
177 350) 38.1 (1.5) 24.6 (3:81) 36.9 (5.72) 49.7 (7.62)
203 400) 41.3 (1.625) 27.0 (4.18) 40.5 (6.27) 53.9 (8.36)
253 500) 445 (1.75) 317 (4.92) 47.6 (7.38) 63.5 (9.84)
304 600) 47.6 (1.875) 38.5 (5.97) 57.8 (8.96) 77.0 (11.94)
355 700) 50.8 (2) 43.1 (6.68) 64.6 (10.02) 86.2 (13.36)
380 750) 50.8 (2) 45.4 (7.04) 68.1 (10.56) 90.4 (14.08)
405 800) 54.0 (2.125) 47.7 (7.39) 71.5 (11.09) 954 (14.78)
456 900) 57.2 (2.25) 52.2 (8.09) 78.3 (12.13) 104 .4 (16.18)
507 ( 000) 57.2 (2.25) 56.6 (8.77) 84.8 (13.15) 113.2 (17.54)
633 ( 250) 63.5 (2.5) 71.2 (11.03) 106.8 (16.55) 142.8 (22.06)
760 1 500) 69.8 (2.75) 822 (12.74) 123.3 (19.11) 164.4 (25.48)
887 1 75Q) 73.0 (2.875) 93.2 (14.45) 139.8 (21.67) 186.p (28.90)
1010 (2.000) 794 (3.125) 103.5 (16.04) 155.2 (24.06) 207 (32.08)

NOTE Products manufactured for use only in Canada may use the values in Annex C, item 4.
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Table 25

Wire space — Five wires, six wires, and seven wires

(Clause 8.2.29.3.1)

Maximum size of wire Minimum width and Minimum area in square cm? (in?) required for multiple wires based on
or cable, nm? (AWG depth of wiring factor of 2.5
or kemil) space, mm (in) Five wires Six wires Seven wires

3.3 (12) 9.5 (0.375) 23 (0.35) 27 (0.42) 3.2 (0.49)
53 (10) 9.5 (0.375) 3.7 (0.57) 4.4 (0.68) 52 (0.80)
8.4 (8) 12.7 (0.5) 6.9 (1.07) 8.3 (1.28) 9.7 (1.50)
13.3 (B) 159 (0 625) 100 (1.55) 120 (1.86) 140 (2.17)
21.2 (4) 19.1 (0.75) 12.9 (2.00) 15.5 (2.40) 184 (2.80)
26.7 (3) 19.1 (0.75) 14.6 (2.27) 17.5 (2.72) 20.5 (3.18)
33.6 (2) 222 (0.875) 16.6 (2.58) 20.0 (3.10) 23.3 (3.61)
424 (1) 25.4 (1) 21.9 (3.40) 26.3 (4'08) 30.7 (4.76)
53.5 1/0) 25.4 (1) 25.0 (3.88) 30.1 (4°66) 35.0 (5.43)
67.4 2/0) 25.4 ) 28.8 (4.47) 34.6 (5.36) 40.4 (6.26)
85.0 3/0) 28.6 (1.125) 335 (5.19) 404 (6.22) 46.9 (7.27)
107 4/0) 31.8 (1.25) 39.0 (6.05) 46.8 (7.26) 54.6 (8.47)
127 250) 349 (1.375) 477 (7.40) 57.3 (8.88) 66.8 (10.36)
152 300) 38.1 (1.5) 55.2 (8.55) 66.2 (10.26) 77.2 (11.96)
177 350) 38.1 (1.5) 61.5 (9.53) 73.8 (11.44) 86.1 (13.34)
203 100) 413 (1.625) 67.4 (10.45) 80.9 (12.54) 94.4 (14.63)
253 500) 445 (1.75) 79.4 (12.30) 95.2 (14.76) 111.1 (17.22)
304 600) 47.6 (1.875) 96:3 (14.93) 115.6 (17.92) 134.8 (20.90)
355 700) 50.8 (2) 107.7 (16.70) 129.3 (20.04) 150.8 (23.38)
380 750) 50.8 (2) 113.5 (17.60) 136.3 (21.12) 159.9 (24.64)
405 800) 54.0 (2.125) 119.2 (18.48) 143.1 (22.18) 166.9 (25.87)
456 900) 57.2 (2.25) 130.5 (20.22) 156.5 (24.26) 182.6 (28.31)
507 (1000) 57.2 (2.25) 141.4 (21.92) 169.7 (26.30) 198.0 (30.69)
633 (1250) 83:5 (2.5) 177.9 (27.58) 213.5 (33.10) 2491 (38.61)
760 (1500) 69.8 (2.75) 205.5 (31.85) 246.6 (38.22) 287.7 (44.59)
887 (1750) 73.0 (2.875) 233.0 (36.12) 279.6 (43.34) 326.3 (50.57)
1010 (4.000) 794 (3.125) 258.7 (40.10) 3105 (48.12) 362.2 (56.14)

NOTE Products manufactured for use only in Canada may use the values in Annex C, item 4.
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Table 26
Size of bonding, equipment grounding, grounding electrode conductors, and ground bus?®

(Clauses 8.2.31.2,8.2.32.4, 8.2.33.3, 8.2.34.1, 8.2.34.2, 8.2.34.4, and 8.2.34.6)

Size of equipment grounding or Size of grounding electrode Size of main bonding jumper or
bonding conductor, minimum conductor, minimum mm? (AWG system bonding jumper,
. mm? (AWG or kcmil) or kemil) minimum mm? (AWG or kcmil)
Maximum
ampere rating® Copper Aluminum Copper Aluminum® Copper Aluminum ®
15 2.1 (14) 3.3(12) - - - -
20 [2.113.3 [3.3]5.3 - - - -
(11417 12) ((121710)
30 [3.3]'5.3 [5.3] 8.4 - - - -
([121"10) ([101°8)
40 5.3(10) 8.4 (8) - - — _
60 5.3(10) 8.4 (8) - - 5 -
90 8.4 (8) 13.3 (6) 8.4 (8) 13.3 (6) 8.4 (8) 13.3(6)
100 8.4 (8) 13.3 (6) 13.3(6) 21.2(4) 13.3(6) 21.2 (4)
150 13.3 (6) 21.2(4) 13.3 (6) 21.2(4) 13.3 (6) 21.2 (4)
200 13.3 (6) 21.2 (4) 21.2 (4) 33.642) 21.2 (4) 33.6 (2)
300 21.2 (4) 33.6 (2) 33.6(2) 58.5(1/0) 33.6 (2) 53.5 (1/0)
400 26.7 (3) 42.4 (1) 53.5°(1/0°) 85°(3/0°) 53.5°(1/0°) 85°(3/0°)
500 33.6 (2) 53.5 (1/0) 53.5(1/0) 85 (3/0) 53.5 (1/0) 85 (3/0)
600 42.4 (1) 67.4 (2/0) 67.4 (21Q) 107 (4/0) 67.4 (2/0) 107 (4/0)
800 53.5 (1/0) 85 (3/0) 67:4+2/0) 107 (4/0) 67.4 (2/0) 107 (4/0)
1000 67.4 (2/0) 107 (4/0) 85 (3/0) 127 (250) 85 (3/0) 127 (250)
1200 85 (3/0) 127 (250) 85 (3/0) 127 (250) 1279 (2509) 127 (250)
1600 107 (4/0) 177 (350) 85 (3/0) 127 (250) 1529 (3009) 2039 (400%)
2000 127 (250) 203 (400) 85 (3/0) 127 (250) 2039 (400%) 2539 (500%)
2500 177 (350) [253]' 304 85 (3/0) 127 (250) 2539 (500%) 3559 (700%)
(15001 600)
3000 203 (400) 304 (600) 85 (3/0) 127 (250) 3049 (600%) 3809 (750%)
4000 253 (500) 405 (800) 85 (3/0) 127 (250) 380¢ (750%) 5079 (1 000%)
5000 355 (700) [507] 608 85 (3/0) 127 (250) 456 (900) 633 (1 250)
(1 000]"1 200)
6 000 405 (800) [633] 608 85 (3/0) 127 (250) 633 (1 250) 760 (1 500)
(4250171 200)

@ See Table 27 for equivalent area of bus. Size of ground bus to be in accordance with Table 27 based on columns 1 — 3 of Table
26.

® Maximum ampere rating of center or circuit overcurrent device ahead of equipment-grounding means.

© If the ampere rating is 400 and the wire terminal connectors for the main service conductors are rated for two 85 mm? (3/0 AWG)
copper conductors or two 127 mm? (250 kemil) aluminum conductors but will not accept a 304 mm? (600 kemil) conductor, these
values may be reduced to 33.6 mm? (2 AWG) copper or 53.5 mm? (1/0 AWG) aluminum.

4 The cross-section may be reduced to 12.5 % of the total cross-section of the largest main service conductor of the same material
(copper or aluminum) for any phase on centers rated 1 200 A and over. This applies when the cross-section of the service
conductors is limited by the wire terminal connectors provided.

¢ Aluminum is not permitted in Canada.

fIn Canada, the values in brackets [xx] apply.
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Table 27

Equivalent cross-sectional areas

(Clauses 8.2.31.2,8.2.32.4, 8.2.33.3, and 8.2.34.1 and Table 26)

Wire size mm? Minimum cross-section
(AWG or kcmil) mm? (in?)

2.1 (14) 2.08 (0.003)
3.3(12) 3.31 (0.005)
5.3(10) 5.26 (0.008)
8.4 (8) 8.39 (0.013)
13.3(6) 13.55 (0.021)
21.2 (4) 21.29 (0.033)
26.7 (3) 26.45 (0.041)
33.6 (2) 33.55 (0.052)
42.4 (1) 42.58 (0.066)
3.5 (1/0) 53.55 (0.083)
47.4 (2/0) 67.74 (0.105)
85 (3/0) 85.16 (0.132)
07 (4/0) 107.10 (0.166)
27 (250) 126.45 (0.196)
52 (300) 152.26. (0.236)
77 (350) 177.42 (0.275)
203 (400) 202.58 (0.314)
253 (500) 253.55 (0.393)
04 (600) 304.0 (0.471)
55 (700) 354.84 (0.550)
80 (750) 380.00 (0.589)
405 (800) 405.16 (0.628)
507 (1000) 506.45 (0.785)
608 (1200) 607.73 (0.942)
633 (1250) 632.90 (0.981)
760 (1500) 760.00 (1.178)
8B7 (1,750) 887.00 (1.374)
1010 (2000) 1013.00 (3.100)
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Table 28
Ratings of fuses used for tests

(Clauses 9.12.5.1 and 9.15.4.2)

Type of fuse?® Current, amperes Maximum percent of rated Fuse size marking required
motor full-load current®

Non-time-delay 0-600 400¢°4 No
Non-time-delay 0-600 <400 but = 300° Yes
Non-time-delay 0-600 < 300 but > 225f Yes

Time-delay 0-600 <2259 Yes
Non-time-detay- 604+—6-060 3000 o
Non-timg-delay 601 -6 000 <300 Yes

Time-¢lelay 601 -6 000 2259 es

time-delay fuses.

percent level (e|g., "Fuse not to exceed 300 % of motor full-load amps").

¢ See Clause 9.12.5.2.
9 Tests with 400|% non-time-delay fuses cover use with 225 % time-delay fuses.

9 The product i
of the time-delay type. See Clause 6.3.71.

rating but not mpre than three times the full-load motor-current rating shall be used.

this limit of protgction.

f Tests with IeSSJthan 300 % non-time-delay fuses require additional testing with 225 % (or as marked) time-delay fuses.

@ Tests with 225 % full-load ampere time-delay fuses are not considered representative of tests with, 400 % full-loaf ampere non-

® These values pre approximate and shall be used when the manufacturer does not specify fuse sizes but refers t¢ a maximum

¢ Tests with nonttime-delay fuses rated less than 400 % but equal to or greater than, 300 % cover use with 175 % tme-delay fuses.

marked to indicate the level of protection and that the brafnch=-circuit protective device is sometimgs required to be
P If the calculatdd value of the fuse is between two standard ratings ‘as'specified in Clause 9.12.5.2, a fuse of the nparest standard

" The protective|device may be a non-time-delay fuse smaller than the size specified in note h if the product is marked to indicate

Table 29
Maximum temperature rises

(Clauses 8.2.8.3, 8.3.3,9.3.2, 9.3.10, and 9.3.13)

4. Pressure terminal connectors

Material and components °K
A. Components
1. Bus
a. Vertical bus of the motor control center at the plug-in connections, and the plug-in 4020
connecfions
b. Vertical bus of the motor control center at the plug-in connections, and the plug-in 65¢
connections
c. Horizontal bus of the motor control center, buses, and connecting straps or bars 65% ™M
d. Plated bus bars at the point of connection to a circuit breaker. 65
2. Capacitors d
3. Fuse clips
a. Fuse clip on a fused switch for use with 60 °C wire tested with dummy fuses 30
b. Fuse clip on a fused switch for use with 75 °C wire tested with dummy fuses 50
c. Fuse clip tested with Class J (rated more than 200 A) and Class L fuses 85

Table 29 Continued on Next Page
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Table 29 Continued
Material and components °K
a. Pressure terminal connectors for field-installed conductors except as noted in sub- 50°
item 4b.
b. Pressure terminal connectors marked for use with 75 °C (167 °F) wire 659
5. Knife-switch blades and contact jaws 30
6. Resistors and rheostats
a. On the embedding material of a resistor, a rheostat, and a wall-mounted dimmer with 300
an embedded resistive element
b. On the embedding material of a rheostatic dimmer having embedded resistive 350
conductors
c. On bare resistor material, thermocouple method 375
7. Contacts
a. Solid and built-up silver, silver alloy, and silver faced h
b. All ojher metals 5
B. Conductors
1. Conductpr having rubber or thermoplastic insulation 35
C. Electrical irfsulation — general
1. Fibre employed as electrical insulation 5
2. Phenoligcomposition employed as electrical insulation or as a part, the déterioration of 1p5'
which could result in a risk of fire or electric shock
3. Varnished-cloth insulation 0
4. Electrica) tape 85
5. Sealing gompound k
6. Other ingulating materials |
7. Coil winding by change-of-resistance method
a. Relalys and solenoids
Claps 105 insulation system 5
Claps 130 insulation system 105
b. Trangformers 10 kVA or less
Claps 105 insulation system [0
Claps 130 insulation-system p5
c. Trangformers greater than 10 kVA
Claps 105'insulation system b5
Clap$.130 insulation system
Class 155 insulation system 85
Class 180 insulation system 110
Class 200 insulation system 130
Class 220 insulation system 150
D. Surfaces
1. Wood and other combustible material 65

b Test in accorda
¢ Test in accorda

nce with Clause 9.3.2.
nce with Clause 9.3.3.

& The limit does not apply to bus bars within 152 mm (6 in) of connections to a source of heat, such as a resistor, fuse, and a
current element of an over-load relay.

Table 29 Continued on Next Page
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Table 29 Continued

Material and components

°K

an assumed am

increased 20 °C
9 Equipment ma

bient temperature of 40 °C.

ed as in actual service.

to represent the heating of fuses.
rked for 60/75 °C supply wires shall comply with 4a of item A.

94 For a capacitor, the maximum allowable temperature rise shall not exceed the marked temperature limit of the capacitor minus

° The temperature on a wiring terminal or lug shall be measured at the point most likely to be contacted by the insulation of a
conductor install
f Applicable to a connector for copper wire. Also applicable to a connector for aluminum wire or an aluminum-bodied connector
where the connector has a temperature rating of 90 °C. If tested with dummy fuses, the recorded temperature rise shall be

h Temperature limited by the temperature limitations on the material for adjacent parts. There shall be no structural deterioration of
the contact assembly, loosening of parts, cracking or flaking of materials, loss of temper of spring, annealing of parts, or other

visible damage|
" This limitation
for a higher tem

I For standard i
maximum operd

k See Clause 8.
''See Clause 9.1

™ For circuit bre|
measurements
connectors/hea

loes not apply to an insulated conductor or other material that has been investigated and found,to
perature.

sulated conductors other than those described in item B, the maximum temperature, rise shall not
ting temperature for the wire in question minus an assumed ambient temperature-of40™C.

P.7.2.
.13 for other insulating materials.

bkers and other such devices having incorporated special inter-connectars/heat sinks, the temper
Ehall be made on the MCC'’s buses, connecting straps or bars at the«€onnecting point to such sped
sinks. Measurements shall not to be made on the circuit breakerdtself.

be acceptable

pxceed the

hture rise
ial inter-

Table 30
Ratings of inverse-time circuit-breaker used for tests

(Clausé9.12.5.6)

Ratings of inverse-time circuit-breaker Circuit-breaker marking Full-load motor ciirrent rating,
used for tests requirement ampergs
4 times rated mfaximum full-load motor current No 100 A or [ess
3 times rated mfaximum full-load motor current No Greater thar] 100 A
15A No Where calculated valde is less than 15
A
Other ratings I¢ss than those specified above Yes -
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Table 31
Standard short-circuit test values (minimum) for combination motor controllers
(Clauses 9.12.6.1, 9.15.1.1, A1, and A3.6)
Ratings Test current
kW (Hp) A? Power factor

0-37 (0-50) 5000 0.7-0.8

38-149 (51-200) 10 000 0.7-0.8
150 — 298 (201 —400) 18 000 0.25-0.30
299 — 447 (401 -600) 30 000 0.20 or less
448 —p71 (601 —900) 42 000 0.20 pr less
672 -1193 (901 -1 600) 85000 0.20 pr less
1194 or|more (1601 or more) 100 000 0.20 pr less
NOT'E Fbcl)r current rated controllers, use the equivalent horsepower rating derived from Table 15, Table)16 or Table|17, as

applicable.

& Symmetrical rnf

»

Table 32
Unit short-circuit acceptance‘criteria

(Clauses 8.3.12 and 8.3.15)

1) The cd

contagtor in a combination controller shall be permitted to weld or completely disintegrate. However, the

device]
2) There
3) The dd
enclog

ntactor or other control device shall be permitted te be inoperative at the conclusion of the test. Thi

shall open the test circuit.
shall be no discharge of parts outside the.unit.

or or cover shall not be blown open;and it shall be possible to open the door or cover. Deformatio
ure shall be acceptable, but shalliot result in the accessibility of live parts as determined by the u

e contacts of a
brotective

h of the
e of the test

rod spgcified in Clause 8.2.2.2.

4) Burnolit of the current element.and damage to the overload relay shall be acceptable.

5) The sqlid conductor connected’between the live pole and the enclosure shall not be open.

6) There ghall be no damage 10 a conductor or terminal connector, and no conductor shall pull out of a term|nal connector.

7) There ghall be no kreakage or cracking of insulating bases to the extent that the integrity of the mounting|of live parts is
impairgd.

8) Contag¢ts within a device that serves as the disconnecting means shall not be permitted to weld to the extent that the
disconnecting means cannot be opened manually with the operating handle.

9) A combination motor controller self-protected control device module may contain load switching means that have
welded, provided that the module is located on the load side of the disconnection and branch circuit contacts, and that
the module can be replaced.

10) If provided as part of the equipment, neither end of a protective device such as a fuse or current limiter shall be

completely separated from the mounting means, and the line end of a fuse or current limiter shall not bridge from the
mounting means to dead metal.

Table 32 Continued on Next Page
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Table 32 Continued

11) Stab-in assemblies, if used, and vertical buses at the point of contact shall be in essentially the same mechanical and
electrical condition as before the test.

12) The fault current shall have been interrupted by the unit branch-circuit protective device or by the current-limiting means
of an electronic motor controller.

Table 33
Automatic tripping time

(Clauses 8.3.14.2,8.3.17.2,9.14.2.1, and 9.17.2.1)

Current rating in amperes Maximum tripping time in minutes

0-30° 2

31-50 4

51-100 6

101 -150 8

151 -225 10

226 — 400 12

401 -600 14

601 —800 18

801 -1 000 20

1001-1200 24

1201-1600 26

1601 -2000 28

Over 2 000 30

@ For circuit-bregker frames rated more than 250 V(the maximum tripping time may be 3 min.
Table 34
Index of tests for motor control centers
(Clauses 8.3.1 and 9.1 and Table 35)
Test number Test Performance reference Test refefence clause
clause

T1 Calibration 832 0.2
T2 Temperature 8.3.3 9.3
T3 Overvoltage and undervoltage 8.3.4 94
T4 Dielectric voltage withstand (after T2 or T3) 8.3.5 9.5
T5 Current withstand 8.3.6 9.6
T6 Dielectric voltage withstand (after T5) 8.3.7 9.7
T7 Contactor overload 8.3.8 9.8
T8 Dielectric voltage withstand (after T7) 8.3.9 9.9
T9 Short-circuit, bus structure 8.3.10 9.10
T10 Dielectric voltage withstand (after T9) 8.3.11 9.11
™ Short-circuit, units — standard-level 8.3.12 9.12

Table 34 Continued on Next Page
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Table 34 Continued

Test number Test Performance reference Test reference clause
clause
T12 Dielectric voltage withstand (after T11) 8.3.13 9.13
T13 Trip-out (after T11 and T12) 8.3.14 9.14
T14 Short-circuit-units — high-level 8.3.15 9.15
T15 Dielectric voltage withstand (after T14) 8.3.16 9.16
T16 Trip-out after T14 and T15 8.3.17 9.17
T17 Strength of insulating base and support 8.3.18 9.18
T18 Comparative deflection test 8.3.19 9.19

Table 35

(Clauses 8.3.1 and 9.1)

Sequence of tests for combination motor control units?

Construction Sequence Sample number®
(See t'I)'/apbele 1) order 1 2 . 4 5
1 T2 T1 T - T14
A 2 T3 T12 T15
3 T4
1 T2 T1 T - T14
C 2 T3 T12 T15
3 T4 T13 T16
1 T2 T1 T T7 T14
D 2 T3 T5 T12 T8 T15
3 T4 T6 T13 T16
1 T2 - - - T14
E 2 T3 T15
3 T4 T16

@ See Table 34 f

b All or any comijination of tesbsequences may be conducted on a single sample if agreeable to those concerned.
sed if morexthan one rating is being tested. One sequence need not be completed as a prerequisi

sample may be
of another.

r explanation ofi¢estnumbers.

More than one
e to the starting

Table 36
Power factors for bus short-circuit tests

(Clauses 9.10.7.4, A1, and A3.6)

Test circuit, amperes

Maximum power factor

>0<10000
>10 000 < 20 000
>20 000

0.5
0.3
0.2
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Table 37

Closing angle

(Clause 9.10.10.2)

Number of phases Bus bar relationship Bus bar most likely to Closing angle, electrical
cause breakdown degrees?®
1 All All 0+10
3 All A Phase -13+10
3 All C Phase +13 10
3 All B Phase +13 10

@ With respect to the zero point of the supply voltage on a phase-to-neutral basis in the case of a 3-phase circuit.

Table 38
Required number of test operations

(Clause 9.12.6.2)

Type-of branch circuit
protection and number of
poles provided
Circuit-breaker
Number of (inverse-time

Number of poles current and Number of
Rating, hp (kW) for a device elements® Fuse instantaneous) operations®

1 phase, single pole 1 1 Single pole 30"

0-200 (0-149) 1 phase, 2 poles 2 2 2 pole 30"

3 phase, 3 poles 3 3 3 pole 240"

201 -1600 (150 —1193) 3 phase, 3 paoles 3 3 3 pole 1°0”

@ Applies to dev|ces provided with or incorporating.a-thermal relay.

® Number of opgrations for each current element.5elected, when device is provided with or incorporates thermal o

erload relays.

Table 39

Power factors for unit short-circuit tests

(Clauses 9.12.6.3, 9.15.1.6, 9.15.5.2, A1, and A3.6)

Test current, amperes®

Power factor®

10 000 or less
10 001 — 20 000
Greater than 20 000

0.70-0.80
0.25-0.30
0.15-0.20

@ Symmetrical rms amperes.

b Lower power factor circuits than specified may be used.
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Table 40

Required number of test operations

(Clauses 9.15.5.3 and 9.15.5.4)

Disconnecting means provided Type of test Number of test operations
Yes Disconnecting means closed on the circuit ("CO" 1ab
shot)
Yes Motor control device closed on the circuit ("CO" 12
shot)
Yes Circuit closed on equipment ("O" shot) 1
No Motor control device closed on the circuit ("CO" 1
shot)
No Circuit closed on equipment ("O" shot) 1

2 If complete physical closure of the switching contact is established during closing tests ("CO" shots), the withstan{l test ("O" shot)

shall not be reqyired.

® When a motor gontrol device and its control circuit are supplied from the same source (common &dntrol), the closing test on the

disconnect switch shall not be required.

Table 41

Values of voltage for test

(Clause 9.8.6)

Voltage rating of equipment?®
Test 110-120 220 - 240 254=277 380 -415 440 - 480 560 — 600
Temperature 120 240 277 415 280 600
Overvoltage, ac 132 264 305 457 528 660
ordc
Undervoltage, 102 204 235 353 408 510
ac
Undervoltage, 96 192 222 332 384 480
dc
Overload 120 240 227 415 480 600
Endurance 120 240 277 415 480 600

2 If the rating of the equipmeht'does not fall within any of the indicated voltage ranges, it shall be tested at its rated yoltage, except
for the overvoltage and undervoltage tests. See Clause 9.8.6.

Table42

Time constant of test circuit

(Clauses 9.12.6.1and 9.15.5.2)

Rated interrupting current, amperes

Minimum time constant, s

10 000 or less
Over 10 000

0.003
0.008
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Table 43
Minimum material characteristics for the direct support of uninsulated live parts

(Clause 8.2.7.1)

. Maximum performance level category (PLC)
Flame class' RTl elec ”
HWIPe HAI%® CTIFeh
HB a 2 1 3
V-2 a 2 2 3
V-1 a 3 2 3
V-0 a 4 3 3

Relative ThermaHndexRF)

@ The electrical
30, or by use of
material is bein

RTI value of a material shall be determined in accordance with the test requirements referenged in
the generic RTI from Table 44. This material characteristic is dependent upon the minimung thickn
used and shall not be exceeded during the Temperature Test, Clauses 8.2.8.3, 8.3.3, and 9:3.13.

Annex C, item
bss at which the

Hot Wire Igniti

® The HWI Perf
Annex C, item 2
When the thickn
material is eval
¢ A material with

(worse) than thg
Product Test re

bn (HWI)

rmance Level Category (PLC) value of a material shall be determined by the hot wire ignition test
9. This material characteristic is dependent upon the minimum thickness at which the material is b
ess of an insulating material is less than the minimum specified thickness: corresponding to a HWI
ated as in footnote c.

out an HWI Performance Level Category (PLC) value at the minimufp/thickness or with a HWI PL

value required by Table 43 shall be subjected to the end-product‘Abnormal Overload Test or the
uirements referenced in Annex C, item 9.

referenced in
eing used.
value, the

C value greater
blow Wire End-

High Current Arc Resistance to Ignition (HAI)

9 The HAI valug]
material charac
insulating mate
footnote e.

¢ A material with
by Table 41 sha|

em 29. This
ckness of an
hated as in

of a material shall be determined by test in accordance-the requirements referenced in Annex C, i
eristic is dependent upon the minimum thickness at which the material is being used. When the th
ial is less than the minimum specified thickness carresponding to a HAI value, the material is eval

out a HAI PLC value at the minimum thickness or with an HAI PLC value greater (worse) than the
| be subjected to the end-product Arc Resistance Test referenced in Annex C, item 9.

racking Index (CTI)

value required

Comparative T

fThe CTIPLC
This material ¢
of an insulating
having the sam

environments fq

i

lue of a material shall be determined by test in accordance with the requirements referenced in A
racteristic is not dependent upon the minimum thickness at which the material is being used. Wh
material is less than the minimum specified thickness corresponding to a CTl value, the material ig
e CTl value found for thexgreater thickness. The CTl value applies to insulating materials used in p
r voltages of 600 V of. less. For equipment where pollution degree 1 or 2 is maintained, an insulati

hnex C, Item 29.
en the thickness
evaluated as

bllution degree 3
g material shall

have a CTI PLQ

9 A material witH
proof tracking in

of 4 or less. For equipment rated 601-1000 volts, see footnote h.

bhall have a
d in pollution

out a CTl PLGwalue or with a CTI PLC value greater (worse) than the value required by Table 41
dex of 175 when used in pollution degree 3 environment or a proof tracking index of 100 when use

degree 1or2e

h For equipmen
time to track mq

vironment as'determined by the end-product Proof Tracking Test requirements referenced in Ann

rated 607 — 1 000 volts, the insulating material shall not track beyond one inch in less than 60 min
thod,of the Inclined Plane Tracking Test referenced in Annex C, item 29. The voltage for the Inclin

Tracking Test shall'tie nat less than the rated voltage of the equipment

bx C, item 9.

utes using the
td Plane

Flammability Classification

" The flame class of a material shall be determined by the horizontal burning or vertical burning test requirements referenced in

Annex C, item 28.
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Table 44
Generic materials for other than direct support of uninsulated live parts

(Clause 8.2.28.6)

Minimum thickness

Generic material inch (mm) RTI, °C
égr)]/;gicei;moulded composition (e.g., No limit No limit
Ceramic, porcelain, and slate No limit No limit
Diallyl phthalate 0.028 (0.71) 105
Epoxy 8-626 {0-+H 105
Melamine 0.028 (0.71) 130
Melamine-phendlic 0.028 (0.71) 130
Phenolic 0.028 (0.71) 150
Unfilled nylon 0.028 (0.71) 105
Unfilled polycartonate 0.028 (0.71) 105
Urea formaldehylde 0.028 (0.7 100

NOTE: Each maerial shall be used within its minimum thickness and its RTI value shall not be exceeded during th¢ Temperature
Test, Clauses 8.2.8.3, 8.3.3, and 9.3.13.
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FIGURES
Figure 1
U-shaped construction
(See Clause 8.2.5.1)
—— MCC SECTIONS —
4 / _/ 7/
"1
"1
"
Ba
"1
"1 4
' g
"1
a1
DEAD
ERONTS
S3091A - A ———=
Values of variables in Figure 1
Voltage to Mexico United Ptates
ground Minimum work space A? Minimum work space A? Minimum work space A?
m (ft) m (ft) m (ft)
0-150 4.0 (3.25) 0.9 (3) 0.9 (3)
151 — 600 1.0 (3.25) 1.2 (@) 1.2 (4)
6011000 145 (5)

1.8'm (6 ft).

@ For a motor control center rated 1200 A or more, the A dimension shall be doubled if the B dimension shown in Figure 1 exceeds
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Figure 2

Two-sided enclosed construction

(See Clause 8.2.5.1)

DEAD FRONTS 7

/

Do
T
A C A
S3092
Canada
Values of variables'in‘Figure 2
Horizontal bus Minimum work space
rating A B cb
m ft m ft m ft
<1200 A 1.0 3.25 0.6 2.0 0.6 2.0
>1200 A or > 1.5 4.92 0.6 2.0 0.6 2.0
750 V
Mexico
Values of variables in Figure 2
Voltage to Minimum work space
ground A B cb
m ft m ft m ft
0-150 0.9 3 0.6 0.6
151 —600 1.0 3.25 0.6 2 0.6 2
United States
Values of variables in Figure 2
Voltage to Minimum work space
ground A B cb
m ft m ft m ft
0-150 0.9 3 0.6 2 0.6 2
151 -600 1.0 3.25 0.6 2 0.6 2
601 —1 000 1.2 4 0.6 2 0.6 2

® The door shall be at least 2 m (6.5 ft) high and shall open outward or be of the sliding type.

2 If the motor control center is rated 1200 A or more and if the D dimension exceeds 1.8 m (6 ft), an additional minimum 0.6 m (2 ft)
wide door shall be located at each opposite side of the enclosure, or the A dimension shall be doubled.
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Figure 3

Single-sided enclosed construction

(See Clause 8.2.5.1)

| |
| |
| |
| MCC |SECTIONS
| |
| |
~ >
DEADFRONTS
B
S3089A
Canada
Values of variables.ih Figure 3
Horizontal bug Minimum work space
rating A® B c
m ft m ft m ft
<1200 A 1.0 3.25 0.75 25 0.6 2.0
>1200 A or > 1.5 4.92 0.75 25 0.6 2.0
750 V
Mexico
Values of variables in Figure 3
Voltage to Minimum work space
ground A® B c
m ft m ft m ft
0-150 0.9 3 0.75 25 0.6
151 - 600 1.1 3.5 0.75 25 0.6 2
United States
Values of variables in Figure 3
Voltage to Minimum work space
ground A B cb
m ft m ft m ft
0-150 0.9 3 0.75 2.5 0.6 2
151 -600 1.1 3.5 0.75 2.5 0.6 2
601 — 1000 1.2 4 0.75 2.5 0.6 2
2 If the D dimension is greater than 76.2 mm (3 in), the B dimension is greater than 1.8 m (6 ft), and the motor control center is
rated 1200 A or more, the A dimension shall be doubled, or a door shall be provided at each end.
® The door shall be at least 2 m (6.5 ft) high and shall open outward or be of the sliding type.
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Figure 4

Conductors through openings

(Clause 8.2.13.9)

!

—

&
=

!

NEUTRAL

SC0573
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Figure 5

Typical double-ended motor control center®

(Clauses 8.2.24.1 and Annex G)

@ Other variations
b Tie breaker disg

¢ In Mexico and t
not used and the

In Canada, this c
9 Ground-return-
¢ Zero-sequence
f Size of main bor

SOURCE NO.1 SOURCE NO.2
___________________________ i

:— LOAD NO.1 :_ | LOAD NO.2 -:
| | | |

. | | | |

1
: pr— . : TIE-BREAKERY :e : L2
| olsconnccr e _< | | >_ A olsconnccr |

NG NO.N ——= | | ——No0.2 |
] - S - ] K
| | | |
| | ALTERNATIVE | |
| | LOCATIONS OR \ | |
| | OPTIONAL ADDITIONAL \\ | |
| NEUTRAL | DISCONNECT LINKS N | .

LOAD N

| BUS | | |
| } - _l, —~ N I |
| NEUTRAL BUS®. | DISCONNECT | |
I \ I LINK _’| /> I I
I N T T P I
| GROUND BUS"—_ | _ ‘ d CE/_ MAIN BONDING JUNPER |
I T I I
I I | I
L [ N [ A, J ‘:

5C1732 L ENCLOSURE

are possible.

onnect (not a circuit-breaker marked "Line" and "Load" nor afused switch). See Clauses 8.2.24.1 pnd 8.2.24.2.

he United States, the neutral bus and ground bus may be‘combined if ground-return-type ground

sections are marked "Suitable only for use as service equipment.”

bnstruction shall not be permitted.
ype ground fault protection sensor in accordance with Clause 8.2.21.14.

type or residual-type ground-fault protection.sensor in accordance with Clauses 8.2.21.12 and 8.2

Hfault protection is

.21.13.

ding jumper shall be based on largest setvice disconnect.
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Figure 6

Typical double-ended motor control center

(Clause 8.2.24.1)

SERVICE DISCONNECT

SERVICE DISCONNECT
NO.1 TIE BREAKER®

NO.2
v 1% )
\ \ /
\ 1 /
\| \ /
N ‘| /
\\ \ //
SOURCE NO.1 \ SOURCE NO.2
) neurra—7 N \ / neuteaL 7 |
¥ 7
DISCONNECT R DISCONNECT
ISCONN Y ' L= ISCONN
UNK — | \ T LNk
- \ —-——n
! ) MAN | ( !
{ || sovome Tl Ll
I_<v>eJUMPER p e<__, J
LOAD

D LOAD
NO.1 - NO.2
GROUND

GROUNDING
BUS ELECTRODE
SB1784 CONDUCTOR
2 Tie-breaker disc

b Additional grour
function only whe

bnnect (not a circuit-breaker marked "Line" and "Load" nor a fused switch). See Clauses 8.2.24.1and 8.2.24.2.
d-return-type ground-fault protection sensor’s utility shall be interlocked with sensor specified if note d so as to
fault current is also sensed as specified in note @

¢ Size of main bory

ding jumper shall be based on largest servicexdisconnect.
4 Ground-return-type ground-fault protection sensor in accordance with Clause 8.2.21.14.
¢ Zero-sequence-

lype or residual-type ground-fault protection sensor in accordance with Clauses 8.2.21.12 and 8.2.

£1.13.
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Figure 7

Grounding/bonding terms
(Clause 8.2.30.1)
TO SUPPLY CIRCUIT

GROUNDED ssice,. O O O O UNGROUNDED SERVICE
CONDUCTOR \C [T ] CONDUCTORS

D g

/L__/L_%// SERVICE DISCONNECT

L

L

@ GROUND BUS
\ 1 LOAD
CIRCUIT
@ EQUIPMENT GROUNDING \

CONDUCTOR <
®
wamp 2K J I} UNGROUNDED C|RCUIT
S

CONDUCTOR
9 GROUNDING ELECTRODE — (>
CONDUCTOR ol CONNECTED TO
= ENCLOSURE

\ L

TYPICAL THREE PHASE, FOUR WIRE“MOTOR CONTROL CENTER
(THREE PHASE, THREE“WIRE DISTRIBUTION)

TO SUPPLY CIRCUIT

GROUNDED, SERCE. O O O O UNGROUNDED SERVICE
CONDUGTOR \<> [T ] CONDUCTORS
@ 5ROUNDING ELECTRODE -

CONDUCTOR

|
CRW L B : /___/___/,/ SERVICE DISCONNEC
@ NEUTRAL BUS — | |
L — N
INSULATED" FROM— | |) UNGROUNDED CIREUIT
ENCLOSURE
D
BONDING JUMPER —— J
T S LOAD
1 CIRCUIT
L EQUIPMENT-GROUNDING
@ CONDUCTOR "\
N
W)
GROUNDING ELECTRODE \
NDIN!
uCONDUC#OR ~I_ GROUNDED CIRCUIT
(OPTIONAL LOCATION) = CONDUCTOR
GROUND BUS

CONNECTED TO
ENCLOSURE

THREE PHASE, FOUR WIRE MOTOR CONTROL CENTER

S4630A (THREE PHASE, FOUR WIRE DISTRIBUTION)
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Key to Figure 7
Grounding/bonding terms

Letter code UL terms CEC terms ANCE terms
A Ungrounded service conductor Ungrounded service conductor Conductores de fase de la
acometida

B Grounded service conductor Grounded service conductor Conductor de acometida puesto
a tierra

C Grounding electrode conductor Grounding conductor Conductor de electrodo de

puesta a tierra

D Insulated neutral bus Neutral bus Barra para neutro

E Bonding jumper Bonding jumper Puente de union

F Ground bus Bonding bus/bonding connector Barra parapuesta a tierra

G Equipment grounding conductor Bonding conductor Conductar de’pupsta a tierra del
equipo

H Grounded circuit conductor Identified circuit conductor Conductor del cifcuito puesto a

tierfa

Ungrounded circuit conductor

Ungrounded circuit conductor

Conductores de fase del circuito



https://ulnorm.com/api/?name=UL 852 2021.pdf

JUNE 28, 2021

NMX-J-353-ANCE-2021 ¢ CSA C22.2 No. 254:21 ¢ UL 845

113

Figure 8

Line connection for tests
(Clause 9.10.8.6)

TEST TERMINALS

@)
CONDUIT
(OPTIONAL) N
SEPARATE MAIN DEVICE
CONDUIT
(OPTIONAL) N

SWITCHBOARD

SB1745
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