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Preface

This is the harmonized ANCE, CSA Group, and ULSE standard for medium-voltage ac contactors,
controllers, and control centres. It is the third edition of NMX-J-564/106-ANCE, the third edition of CSA
C22.2 No. 253:20, and the seventh edition of UL 347. This edition of NMX-J-564/106-ANCE supersedes
the previous edition published on January 2016. This edition of CSA C22.2 No. 253 supersedes the
previous edition published on January 2016. This edition of UL 347 supersedes the previous edition
published on January 29, 2016. This harmonized standard has been jointly revised on February 3, 2025.
For this purpose, CSA Group and ULSE are issuing revision pages dated February 3, 2025, and ANCE is
issuing a new edition dated February 3, 2025.

This harmoniz ification, CSA
Group and ULSE Inc (ULSE). The efforts and support of the medium-voltage controk manufacturing
industry and {he CANENA Technical Harmonization Subcommittee THSC TC17 WGA.— Medium Voltage

Controllers, w
voltage contrd

This standarg
standard.

The present |
from the Com
with the collal

This Standarg
of the CSA Tj
Requirementg

hich includes representatives of ULSE, CSA Group, ANCE, and North"Ame
I manufacturers, are gratefully acknowledged.

is considered suitable for use for conformity assessment within the stateg

llexican Standard was developed by the CT GTD —«Generacion, Transmision
ité de Normalizacion de la Asociacion de Normalizacién y Certificacion, A.C
oration of the medium-voltage controller manufagcturers and users.

was reviewed by the CSA Integrated Commiittee 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 Technical C

Application of Standard

Where refere
considered a

Note: Although t
responsibility of t

Level of harn

This Standarg

nce is made to a specificyhumber of samples to be tested, the specified nu
Minimum 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.

honization

was prepared by comparing UL 347, existing CSA Group standards, and A

rican medium

scope of the

y Distribucion
., CONANCE,

the jurisdiction
Committee on
bmmittee.

mber is to be

hat it remains the

NCE and IEC

60470-2000

+ 4 Tl 4 + pu | ol pu |
TCYUTTTITCTIIS, TTICST  TCTYUNTITICITIS  WeTT  TTVICTWTU, LUTTTPAaITU,daltJ, Wi

ere possible,

harmonized. Where harmonization was not possible due to local installation codes, the differing
requirements are noted in the text of the document. When conflicts between existing North American and
IEC practices existed, the practice in North America is retained.

This Standard is published as an equivalent standard for ANCE, CSA Group, and ULSE.

An equivalent standard is a standard that is substantially the same in technical content, except as follows:
Technical national differences are allowed for codes and governmental regulations as well as those
recognized as being in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, technological, or infrastructural factors, scientific justification, or the level of protection that
the country considers appropriate. Presentation is word for word except for editorial changes.
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Formatting

This Standard is formatted to facilitate comparison to IEC 60470:1999 requirements, and to IEC
60694:1996, which is the common clauses document to which IEC 60470 is subservient. Requirements
are categorized and arranged in the clause numbering structure used for IEC 60470. Where the
requirements in this Standard were equivalent to those in IEC 60470, the subclause was assigned the
equivalent IEC subclause number. Where this Standard does not include a subclause equivalent to those
in IEC 60470, the entry "[Vacant]" was shown for the IEC 60470 subclause number. Where this Standard
includes a requirement not shown in IEC 60470, the subclause was assigned a number of a higher
numerical value than those used in the IEC document.

Note: IEC 60470 has since been replaced by IEC 62271-106 and IEC 60694 has since been replaced by IEC 62271-1.

In order to sinI\pIify the cross-referencing of corresponding requirements, the following €lause numbering
system is useq:

* The cJauses follow the IEC 60470 (and IEC 60694) format for clauses Tithrough 7.

* Subclauses numbered .1 through .99 (but not subdivisions, e.g., those numbered .[1.1, .1.2, .1.3,
etc.) cqrrespond to subclauses in IEC 60470 (and IEC 60694).

* Subclauses numbered .101 through .199 correspond to subclauses in IEC 60470.

» Subclauses numbered .201 through .299 are CANENA requirements not found off numbered in
IEC 60470.

The purpose df this Standard is to harmonize as far as practicable all rules and requirements of a general
nature in order to obtain uniformity of requirements and tests throughout the correspongling range of
equipment andl to avoid the need for testing to different standards.

Interpretations

The interpretagtion by the standards ‘development organization of an identical or equivalent standard is
based on the l|teral text to determine compliance with the standard in accordance with the prpcedural rules
of the standands development ‘erganization. If more than one interpretation of the literal {ext has been
identified, a rgvision is tovbe”proposed as soon as possible to each of the standards|development
organizations {o more agcurately reflect the intent.
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MEDIUM-VOLTAGE AC CONTACTORS, CONTROLLERS, AND

CONTRO

1 General

1.1 Scope

1.1.1

L CENTERS

This standard is applicable to ac contactors applied at voltages in the range of 1 501V to 15kV, and

metal-enclosed contactor-based controllers, control centers, and other control assemblies and associated

oANL 4 AL\ L ol

encies of 50 or

equipment a

60 Hz on thre
hazardous) I
(see Annex A
controllers, al

1.1.2 Thiss
(See Annex A

:ch Gt vu:tagca ;II thc LE= 1 IHC Uf 7\} v iU TUNV, UUO;HI ch fUI Upclat;ull Gt fl C\.‘U
£-phase systems. These requirements apply to equipment intended for use‘in
cations and installed in accordance with the applicable local installation ¢odeés
Item 1). These requirements, as modified by the applicable national,standard

50 apply to fire pump controllers (see Annex A, Item 2).

andard also includes requirements for controllers intended for'sérvice entranc
, Item 3 and Clause 5.204.)

ordinary (non-
and standards
s for fire pump

e applications.

1.1.3 This standard also includes requirements for equipmént incorporating solid sfate switching
elements intehded for starting, stopping, regulating, controlling,“or protecting heating and [other resistive
loads, having|ac voltage ratings in the range of 1501V to 15k\:
1.1.4 This sfandard also includes requirements for reduced-voltage solid-state controllers.
1.1.5 This sfandard does not apply to:
a) eqdipment for use in classified.(hazardous) locations as defined in the applicaple installation
codes|or standards;

b) components contained_ in_contactors and contactor-based controllers for which individual

compd
C) aux
d) equ

e) eled

nent standards exist;
liary low voltage.control assemblies (see Annex A, ltem 4);
pment consisting solely of electronic or solid-state devices, circuits, or system

tronicwariable speed motor controllers (power conversion equipment); and

f) cont

oftersusingonty sotid=state devicesimthemainrcircuit:

1.2 Normative references, component standards, and general requirements

1.2.1 General
Products covered by this standard shall comply with the reference installation codes and standards noted
in Annex A.

For undated references to standards, such reference shall be considered to refer to the latest edition and
all revisions to that edition up to the time when this standard was approved. For dated references to
standards, such reference shall be considered to refer to the dated edition and all revisions published to
that edition up to the time the standard was approved.
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1.2.2 Component standards

1.2.2.1 Components utilized in the products covered by this standard shall comply with the appropriate
standards for these components and shall be used in accordance with their recognized ratings and other
limitations of use (see Annex D). A component shall comply with the ANCE, CSA Group, or UL Standards
as appropriate for the country where the product shall be used.

1.2.2.2 A component need not comply with a specific requirement that:

a) involves a feature or characteristic not needed in the application of the component in the product
covered in this standard, or

b)is SW
1.2.3 General requirements

1.2.3.1 Canadian requirements
In Canada, geheral requirements as indicated in Annex A, ltem 5, are alsp applicable.
1.2.3.2 Units of measurement

The values giyen in Sl (metric) units shall be normative. Any:other values given shall be fpr information
purposes only.

2 Normal and Special Service Conditions
2.1 Normal service conditions

Apparatus within the scope of this standard shall be capable of operation within its| performance
specifications pnder the following conditions:

a) For equipment that is,cooled by air, either ventilated or nonventilated, the tempergture of the air
outsidg of the enclosure and the ambient temperature is above 0°C but does not excg¢ed 40°C, and
its average value, measured over a period of 24 h, does not exceed 35°C.

b) The pquipmentis located where:

i) the influence of solar radiation is not significant, such as indoors or similarly protected
loeations:

i) the altitude does not exceed 1 000 m (3 300 ft);

iii) the ambient air is not significantly polluted by dust, smoke, corrosive and/or flammable
gases, vapors, or salt (for Mexico refer to Annex A item 22); and

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

2.2 Special service conditions
2.21 Altitude

Installation at altitudes above 1000 m up to 3000 m is also recognized in this standard. Variations in the
design will in some cases be required. For example, considerations should be made for temperature rise,
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insulation level, and mechanical parameters affected by lower ambient pressures. Manufacturers should
be prepared to supply any de-rating factors to be applied to the normal service condition ratings and any
necessary setting adjustments.

NOTE: Special conditions are in some cases also necessary for some types of operating mechanisms.
2.2.2 Solar radiation

If the effects of solar radiation are significant, the principles stated in Annex A, ltem 11, may be used for
guidance.

2.2.3 Evaluations and exceptions

Conditions th

bt equipment will experience should be evaluated in terms of the manufacture

r's designated

ratings and lipnitations. Service conditions that are outside the limits described in Clause 2.1 should be
called to the qontroller manufacturer's attention, since special construction or protection will jn some cases
be required.

3 Definitions

NOTE: Definition
been so identifie

s that correspond to definitions in the International Electrotechnieal VVocabulary (IEV) (IEC 6005
with their corresponding IEV designation.

0-441:1984) have

In Canada, the dgfinitions that are contained in the Canadian Electrical Codgy.Part | shall apply.

3.1 General terms

tion, a manual
N an enclosure
nd which may
b complete the

3.1.101 controller and controlgear: A controller consists of a contactor, overload proted
externally opgrated disconnector, and a short-Circuit protective device, mounted and wired i
specifically dgsigned and dimensioned forits application, in which all tests are conducted, 4
also include g grounding function. An auxiliary compartment may be provided if necessary t
function of thg controller.

NOTE: “Controlg
medium-voltage

ar” is a general term” covering controllers and auxiliary equipment supplied with controller vertidal sections and in

ontrol centers.

3.1.102 ovefrcurrent:{A-current exceeding the rated continuous current.

NOTE: Overcurrgnts canvresult from motor starting, overload, short-circuit, or ground faults.

3.1.103 short-circuit current (often called fault current): An overcurrent resulting from a short-circuit
due to a fault or an incorrect connection in an electric circuit. [[EC 60050-441:1984, 441-11-07]

3.1.104 overload: Operating conditions in an electrically undamaged circuit that cause an overcurrent.
[IEC 60050-441:1984, 441-11-02]

3.1.105 conductive part: A part which is capable of conducting current, although it is not necessarily
used for carrying current. [I[EC 60050-441:1984, 441-11-09, modified]

3.1.106 ambient air temperature: The temperature, determined under prescribed conditions, of the air
surrounding the complete switching device or fuse. [IEC 60050-441:1984, 441-11-13]

NOTE: For switching devices or fuses installed inside an enclosure, it is the temperature of the air outside the enclosure.
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3.1.201 medium-voltage: For this standard, ac voltage in the range of 1 501V to 15kV (in Canada, 751V
to 15kV).

NOTE: The applicable installation codes will in some cases refer to this voltage range as “high-voltage.”

3.1.202 medium-voltage compartment: A compartment containing one or more medium-voltage
components.

3.1.203 low-voltage: For this standard, ac voltage in the range of 50 to 1 500 V (in Canada, 30 to
750 V).

NOTE: The applicable installation codes refer to voltages above 600 Vrms (750 Vrms in Canada) as “high voltage”.

3.1.204 low4voltage control compartment: A compartment containing only low-voltage,components.

3.1.205 auxiliary compartment: A compartment containing components and \busing xs needed to
complete the functional requirements of an individual controller or a control center beyond the operational
functions prov|ded by individual controllers.

3.1.206 line|contactor: Contactor whose line terminals are energized when the isolafing means is
closed.

3.1.207 conpected position of a drawout (withdrawable) element: The position pf a drawout
(withdrawable) element in which it is fully connected to the main and secondary circuits.

3.1.208 test|position of a drawout (withdrawable)\element: The position of a drawout (withdrawable)
element in which an isolating distance or segregation is established in the main circuit ang in which the
auxiliary circuits are connected. [IEC 60050-441:1984, 441-16-27, modified]

3.1.209 Clags E controller: Class E controllers are intended for controlling and protegting medium-
voltage electric motors or other electrical loads, including transformers, capacitors, resistiye loads, and
branch circuitg.

3.1.210 Clags E1 controller:-Class E1 controllers utilize the main contactor to make pgnd break all
currents up to pnd including.the’breaking capacity of the controller.

3.1.211 Clags E2 cantroller: Class E2 controllers utilize the main contactor to make and break load and
operating ovelfload €urrents and utilize medium-voltage fuses for interrupting fault currents that exceed the
breaking capaity of the main contactor.

3.1.212 medium-voltage control center (or control center): A floor-mounted assembly of one or more
enclosed vertical sections, principally containing controller(s) in medium-voltage compartments, and
designed to provide power to more than one medium-voltage compartment by a common power bus.

NOTE: Also referred to as “controlgear”.

3.1.213 assembly: A combination of controllers or controlgear completely assembled with all internal
electrical and mechanical interconnections. [IEC 60050-441:1984, 441-12-01, modified]

3.1.214 barrier (or partition): A part of an assembly separating one compartment from other
compartments. [IEC 60050-441:1984, 441-13-05]

3.1.215 blank space: An unusable compartment containing no components or bus, and not intended for
future installation of additional components.
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3.1.216 space for future controller unit: An empty compartment, suitable for future installation of a
specified controller. This compartment does not include connections to power bus, but is suitable for future

installation of

connections to power bus.

3.1.217 factory-prepared space for future controller unit: A compartment suitable for future

installation of

a complete controller. This compartment includes connections to power bus.

3.1.218 partially completed controller unit: A compartment equipped as a complete controller, except
without power fuses, CTs, and load-side power connections.

NOTE: These elements (power fuse rating, CT ratio, load-side power connections, etc.) are excepted, because they can only be
sized correctly with specific motor data.

3.1.219 sere controller unit: A fully equipped (complete) controller, suitable for immedi

specific rating

3.1.220 clearance: The distance between two conductive parts along a stringistretched th

between thes

3.1.221
and auxiliary

3.1.222 gro
circuit or equ
serves in plag

NOTE: See Figu
Mexico.

3.1.223
temperature |

3.1.224 gro
consisting of
connecting a
addition to the

NOTE 1: It is not

NOTE 2: In Cang

control power transformer (CPT): A transformer utilized to_supply voltage for

insyilation class: The classification of insulation materials for the purpose ¢

, but without a specific controller (load) designation.

e conductive parts. [IEC 60050-441:1984, 441-17-31]

jevices.

und (earth): A conducting connection, whether intentional or accidental, by wh
pment is connected to the earth or to some ¢onducting body of relatively la
e of the earth.

re 8 for examples of the use of the terms “grounding” and “bonding”, with corresponding term

mits for the use of the matérial.

unding kit: A grounding terminal means intended to be field-connected or fa
connectors (lugs)“and hardware, such as bolts, studs, or screws, etc., ar

conductor 14 AWG (2.08 mm?) or larger to equipment required to be ground
means for.seeuring conduit or cable armor.

ntended that a grounding kit consist merely of screws for direct attachment of grounding conductars.

bte use, with a

e shortest way

control circuits

ich an electric
ge extent that

b for Canada and

f establishing

ctory-installed,
d suitable for
ed, which is in

da, a grounding kit can also be referred to as a bonding kit.

3.2 Assemblies of controlgear

[Vacant]

3.3 Parts of assemblies

[Vacant]

3.4 Switching devices

3.4.101

circuits. [IEC 60050-441:1984, 441-14-01]

switching device: A device designed to make or break the current in one or more electric
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3.4.102 mechanical switching device: A switching device designed to close and open one or more
electric circuits by means of separable contacts. [IEC 60050-441:1984, 441-14-02]

NOTE: Any mechanical switching device may be designated according to the medium in which its contacts open and close, e.g., air,
SFs, oil.

3.4.103 isolating means (isolating switch or disconnector): A mechanical switching device that
provides, in the open position, isolating distance in the main circuit from the source of power. [IEC 60050-
441:1984, 441-14-05, modified]

3.4.103.201 service disconnecting means: Isolating means that disconnects all conductors into a
building or other structure from the service entrance conductors.

3.4.104 groynding (earthing) switch: A permanently installed mechanical three-pole ©pen air switching
device used tq connect the load side of a de-energized medium voltage controller pewer circuit to ground
(earth) for maiptenance purposes.

3.4.105 confactor: A mechanical switching device having only one position of rest, opergted otherwise
than by hand, capable of making, carrying, and breaking currents under normal circdit conditions,
including operpting overload conditions. [IEC 60050-441:1984, 441-14-33]

3.4.106 electromagnetic contactor: A contactor in which thedoree for closing the normdlly open main
contacts or forfopening the normally closed main contacts is provided by an electromagnet.

NOTE: Unless otHerwise identified, the term “contactor” as used in this standard refers to an “electromagnetic contagtor”.

3.4.107 vactyium contactor: A contactor in which-the main contacts open and close within a highly
evacuated enyelope.

3.4.108 SFgEontactor: [Vacant]

3.4.109 latched contactor: A contactor, the moving elements of which are prevented by means of a
latching arrangement from returning. to the position of rest when the operating means are de-energized.
[IEC 60050-441:1984, 441-14-34]

NOTE: The latchimg, and the reléase of the latching, can be mechanical, electromagnetic, pneumatic, etc.

3.4.110 starter (motor controller): A controller used to start and stop a motor.

3.4.110.1 fu
one step.

otor terminals in

3.4.110.2 reversing starter: A starter intended to cause the motor to reverse the direction of rotation by
reversing the motor primary connections even when the motor is rotating.

3.4.110.3 two-direction starter: [Vacant]
3.4.110.4 reduced-voltage starter: A starter that reduces the starting voltage of the motor, and then
transitions to full voltage. Reduced-voltage starters include autotransformer, reactor, solid-state, wye-

delta, part winding, and wound-rotor starters.

3.4.110.5 autotransformer starter: A reduced-voltage starter that uses reduced voltages derived from
an autotransformer to start a motor. It includes the necessary switching devices to provide full voltage.
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3.4.110.6

rheostatic starter: [Vacant]

3.4.110.7 wound-rotor starter (or a rheostatic rotor starter): [Vacant]

3.4.110.8

reactor starter (often referred to as a primary reactor starter): A starter that includes a

reactor connected in series with the stator winding of an alternating current motor to furnish reduced
voltage for starting. It includes the necessary switching devices to provide full voltage.

3.4.110.9 electromagnetic starter (electromagnetic controller): [Vacant]

3.4.110.10 n-step starter: [Vacant]

3.4.111 con

kroller, combination starter: [Vacant]

3.4.112 short-circuit protective device (SCPD): A device intended to protect alCircui

circuit against

short-circuit currents by interrupting them; in this standard, typically,a‘medium|

3.4.113 Clags C1: A device with a low probability of restrike during-capacitive currer

demonstrated

by the type tests in Clause 6.109.

3.4.114 Clags C2: A device with a very low probability of restrike during capacitive curre

demonstrated

3.4.201 vac
evacuated en

3.4.202 red
connected in
starting.

NOTE: It might o

3.4.203 aut
provide full vg

NOTE: An autom

by the type tests in Clause 6.109.

uum interrupter: An interrupter in which¢the contacts open and close v
velope.

iced-voltage solid state controler: A controller that includes solid
series with the stator winding offan alternating current motor to furnish redug

might not include the necessary.mechanical switching devices to provide a bypass function.

bmatic bypass function: A circuit that automatically shunts the solid sta
Itage to the outputterminals.

atic bypass€unetion might or might not include provisions for automatic return of control to the soli

3.4.204 sol

b

state resistive load controller: A Class E2 controller that includes solid

connected in peries with a resistive load to provide control of power consumed by the resis

or parts of a
Fvoltage fuse.

t breaking as

nt breaking as

ithin a highly

state devices

ed voltage for

te devices to

il state devices.

state devices
ive load, such

as heaters.

NOTE: It might or might not include the necessary mechanical switching devices to provide a bypass function.

3.5 Parts of a controller

3.5.101

pole of a switching device: The portion of a controller associated exclusively with one

electrically separated conducting path of its main circuit and excluding those portions which provide a

means for mo

unting and operating all poles together.

NOTE: A switching device is called single-pole if it has only one pole. If it has more than one pole, it may be called multi-pole (two-
pole, three-pole, etc.), provided that the poles are, or can be, coupled in such a manner as to operate together.

3.5.102 main circuit: All the current-carrying parts of a controller included in the medium-voltage circuit
it is intended to open or close.
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3.5.103 control circuit: The circuit that carries the electric signals directing the performance of a control
device, but does not carry the power that the device controls.

3.5.104 auxiliary circuit: All the conductive parts of controller that are intended to be included in a
circuit, other than the main circuit and the control circuits of the device.

NOTE: Some auxiliary circuits fulfill supplementary functions, such as signalling, interlocking, etc., and, as such, can be part of the
control circuit of another switching device.

3.5.201 interlock (interlocking device): A device that makes the operation of a movable element (e.g.,
a switching device, door, or the like) dependent upon the position or operation of one or more other
movable elements. [IEC 60050-441:1984, 441-16-49, modified]

ved to one or
pblished. [IEC

3.5.202 dra\llout (withdrawable) element: A removable part of controller that can be)mg
more positiong in which an isolating distance or a segregation between open contacts,is’ est
60050-441:1984, 441-13-09]

NOTE: The isolat
or to control circui

ng distance or the segregation always relates to the main circuit, and in some cases refers to thg
Is.

auxiliary circuits

3.5.203 cover: The unhinged portion of an enclosure that covers an’opéning.

3.5.204 doof: A hinged portion of an enclosure that covers an.opening.

3.5.205 enclosure: A surrounding case constructed to’provide a degree of protection
against incidental contact with the enclosed equipment and to provide a degree of pro
enclosed equipment against specified environmental-conditions.

to personnel
tection to the

NOTE: See also A

3.5.206 vert
successive ve|
or covers cont
required for th

3.5.207 power bus: A conductor or group of conductors that serves as a source of supply 1

power circuits

nnex A, ltem 6.

cal section: That portion’of a medium-voltage control center assembly
rtical delineations. A vertical section includes top, vertical side panels, front a
@ining power bus, low-voltage and medium-voltage compartments, or other c
b intended application.

within or between vertical sections.

3.5.208 ext

connect two of more vertical sections.

ndable power bus: That portion of the power bus that is capable of being

between two
nd rear doors
bmponents as

o two or more

) extended to

3.5.209 non-extendable power bus: Those portions of the power bus that are not extendable and
connect power circuits within a vertical section, with short direct terminations, to not more than three
controllers.

3.6 Operation

3.6.101 operation (of a mechanical switching device): The transfer of the moving contact(s) from one
position to an adjacent position. [IEC 60050-441:1984, 441-16-01]

NOTE 1: This can be a closing operation or an opening operation.

NOTE 2: If distinction is necessary, an operation in the electrical sense, e.g., make or break, is referred to as a switching operation,
and an operation in the mechanical sense, e.g., close or open, is referred to as a mechanical operation.
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3.6.102

operating cycle (of a mechanical switching device): [Vacant]

3.6.103 closing operation “C” (of a mechanical switching device): An operation by which the device

is brought from the open position to the closed position. [IEC 60050-441:1984, 441-16-08]

3.6.104 opening operation “O” (of a mechanical switching device): An operation by which the
device is brought from the closed position to the open position. [IEC 60050-441:1984, 441-16-09]

3.6.105 closed position (of a mechanical switching device): The position in which the predetermined
continuity of the main circuit of the device is secured. [IEC 60050-441:1984, 441-16-22]

3.6.107 posjition of rest (of a contactor): The position which the moving elements of the
up when its electromagnet is not energized. [IEC 60050-441:1984, 441-16-24 modified]

3.6.108

3.6.109

3.6.110

3.6.111

3.6.112

3.6.113

3.6.114

3.6.115

3.6.116

3.6.117

3.6.118

3.6.119

overload relay or release: [Vacant]

thermal overload relay or release: [Vacant]

current setting of an overload relay or release:(Vacant]
curient setting range of an overload relay or-release: [Vacant]
phase failure sensitive overload relay or release: [Vacant]
under-current (under-voltage) rélay or release: [Vacant]
stanting time (of a rheostatic’starter): [Vacant]

stanting time (of a reduced-voltage starter): [Vacant]

open transition(of an autotransformer starter): [Vacant]

cloged transition (of an autotransformer starter): [Vacant]

predetermined
41:1984, 441-

contactor take

inchimg({jogging){Vacant]

plugging: [Vacant]

3.7 Characteristic quantities

3.71

means when in the open position.

isolating distance (gap): The clearance between the line and load side contacts of the isolating

3.7.2 degree of protection: The extent of protection provided by an enclosure against access to
hazardous parts, against ingress of solid foreign objects, and/or ingress of water, and verified by
standardized test methods (see Annex A ltem 12).

3.7.101

breaking current (of a switching device or a fuse):
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3.7.102 breaking capacity (of a switching device or a fuse): A value of prospective current that a
switching device or a fuse is capable of breaking at a stated voltage under prescribed conditions of use
and behavior. [IEC 60050-441:1984, 441-17-08]

NOTE 1: The voltage to be stated and the conditions to be prescribed are dealt with in the relevant publications.

NOTE 2: For switching devices, the breaking capacity can be termed according to the kind of current included in the prescribed
conditions, e.g., line charging breaking capacity, cable charging breaking capacity, single capacitor bank breaking capacity, etc.

3.7.103 making capacity (of a switching device): A value of prospective making current that a
switching device is capable of making at a stated voltage under prescribed conditions of use and behavior.
[IEC 60050-441:1984, 441-17-09]

NOTE: The voltade to be stated and the conditions to be prescribed are dealt with in the relevant specifications.

3.7.104 takel-over current: See Clause 3.7.115.

3.7.105 sho
position can d
60050-441:19

3.7.106 reca
or a fuse after

NOTE: This volta
an essentially co
recovery voltage ¢

3.7.107 tran
significant tran

NOTE 1: The trg
characteristics of

NOTE 2: The tran

this voltage is gen

't-time withstand current: The current that a circuit or a switching device
arry during a specified short time under prescribed conditions” of use and |
B4, 441-17-17]

very voltage: The voltage that appears across the-terminals of a pole of a sw
the breaking of the current. [IEC 60050-441:1984, 441-17-25, modified]

e can be considered in two successive intervals of time, the first in which a transient voltage is
stant power-frequency voltage, followed by a second-interval in which the power-frequency o
lone exists.

sient recovery voltage (TRV): The recovery voltage during the time in W
sient character. [IEC 60050-441.4984, 441-17-26]

nsient recovery voltage cansbe\'oscillatory or non-oscillatory, or a combination of these, d

sient recovery voltage'inythree-phase circuits is, unless otherwise stated, that across the first pole
erally higher than that which appears across each of the other two poles.

he circuit and the switching deviee. It includes the voltage shift of the neutral of a polyphase circuif.

in the closed
ehavior. [IEC

itching device

Euperimposed on
the steady-state

hich it has a

epending on the

to clear, because

3.7.108 pov«rr-frequency recovery voltage: The recovery voltage after the transient voltage
phenomena have subsided. [IEC 60050-441:1984, 441-17-27] See Figure 6.

3.7.109 progpective current (of a circuit and with respect to a combination situated therein): The
current that would flow in the circuit if each pole of the combination were replaced by a conductor of
negligible impedance. [IEC 60050-441:1984, 441-17-01, modified]

NOTE: For testing, the prospective current is determined by calibrating the test circuit with a short circuit placed directly across the
incoming terminals of the test specimen.

3.7.110 prospective peak current: The peak value of a prospective current during the transient period
following initiation. [IEC 60050-441:1984, 441-17-02, modified]

NOTE 1: For testing, the prospective current is determined by calibrating the test circuit with a short circuit placed directly across the
incoming terminals of the test specimen.

NOTE 2: The definition assumes that the current is made by an ideal switching device, i.e. with instantaneous transition from infinite
to zero impedance. For circuits where the current can follow several different paths, e.g., polyphase circuits, it further assumes that
the current is made simultaneously in all poles, even if only the current in one pole is considered.
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3.7.111 maximum prospective peak current (of an ac circuit): The prospective peak current when
initiation of the current takes place at the instant which leads to the highest possible value. [IEC 60050-
441:1984, 441-17-04]

NOTE: For a multi-pole device in a polyphase circuit, the maximum prospective peak current refers to a single pole only.
3.7.112 prospective breaking current (of a switching device or fuse): [Vacant]
3.7.113 minimum breaking current: [Vacant]

3.7.114 let-through current (sometimes called cut-off current): The maximum instantaneous value of
current attained during the breaking operation of a switching device or a fuse.

3.7.115 takg-over current: The current coordinate of the intersection between [thg¢ time-current
characteristicg of two overcurrent protective devices. [IEC 60050-441:1984, 441-17-16)

NOTE: Historically referred to as cross over current.

3.7.116 minimum take-over current: Current determined by the pointofintersection of the time-current
characteristicg of the medium-voltage fuse and the contactor corresponding to:

a) themaximum break time plus, where applicable, the“maximum operating time |of an external
overcyrrent or ground-fault relay, and

b) the minimum pre-arcing time of the medium-voltage fuse.
See also Figure 7.

3.7.117 maximum take-over current: Current determined by the point of intersection of the time-current
characteristicg of the medium-voltage fuserand the contactor corresponding to:

a) thel minimum opening time_of the contactor, or minimum response time if operated by an
overcyrrent relay and/or time delay devices; and

b) the maximum operating time of the medium-voltage fuse of highest rated current.
See also Figure 7.

3.7.118 maximum acceptable power dissipation: [Vacant]

3.7.119 fused short-circuit current: [Vacant]

3.7.120 applied voltage (for a switching device): The voltage that exists across the terminals of a pole
of a switching device just before the making of the current. [I[EC 60050-441:1984, 441-17-24]

NOTE: This is normally the line-to-line voltage divided by 1.732.
3.7.121 prospective transient recovery voltage (of a circuit): [Vacant]

3.7.122 opening time (of a contactor): The opening time of a contactor is defined according to the
tripping method as stated below, including any time-delay device forming an integral part of the contactor,
adjusted to a specified setting:
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a) For an electromagnetic contactor, the opening time is the interval of time between the instant at
which the control circuit initiates contactor opening and the instant when the arcing contacts have
separated in all poles.

b) For a latched contactor, the opening time is the interval of time between the instant of energizing
the opening release and the instant when the arcing contacts have separated in all poles.

3.7.123 minimum opening time (of the contactor): [Vacant]

3.7.124 max

imum opening time (of the contactor): [Vacant]

3.7.125 arcing time (of a pole or a fuse): The interval of time between the instant of the initiation of the

arcin apoleo
441-17-37]

3.7.126 bred
of the contactg
3.7.201 sup

3.7.202 cre

1[3
two conductive parts.

3.7.203 disr
stress; these
breakdown in

3.7.204 ultin
overload relay|

3.101

Fuseg

r a fuse and the instant of final arc extinction of that pole or the fuse. [IEC 600

k time (of the contactor): The interval of time between the beginning of the
r and the instant of final arc extinction in all poles.

bly voltage: The voltage to which the line terminals of a device’are connected.

age distance: The shortest distance along the surface of an insulating maf

iptive discharge: The phenomena associated with the failure of insulation
nclude a collapse of voltage and the passage of current. The term applie
solid, liquid, and gaseous dielectrics, and combinations of these dielectrics.

hate trip current: The minimum_value of continuously applied current that
to operate (trip).

3.101.1
components,

value for a sufficient time. {The fuse comprises all the parts that form the complete device
441:1984, 441-18-01, maodified]

3.101.2 striKer: [Vacant]

fuseg: A device that, by the melting and severing of its specially designed and

pens the circuit in’which it is inserted by breaking the current when this exq

50-441:1984,

opening time

erial between

under electric
5 to electrical

will cause an

proportioned

eeds a given
. [IEC 60050-

3.101.3 pre-arcing time: The inferval of fime between the beginning of a current Targe enough to cause
a break in the fuse-element(s) and the instant when an arc is initiated. [I[EC 60050-441:1984, 441-18-21]

NOTE: Pre-arcing time is also referred to as melting time.

3.101.4

the arcing time. [IEC 60050-441:1984, 441-18-22, modified]

3.101.5 joule integral (It): [Vacant]

total clearing time (sometimes called operating time): The sum of the pre-arcing time and
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3.201 Medium-voltage fuse

3.201.1 medium-voltage fuse: A current-limiting fuse intended for use in medium-voltage circuits,
capable of interrupting all currents from the rated maximum interrupting current down to the rated
minimum interrupting current (where applicable).

NOTE: See Annex D, Item 23, which categorizes different types of current-limiting fuses based on their minimum interrupting current
capability:

a) Backup current-limiting fuse: a current-limiting fuse capable of interrupting all currents from its rated maximum
interrupting current down to its rated minimum interrupting current.

b) Full-range current-limiting fuse: a current-limiting fuse capable of interrupting, under specified conditions, all currents
from its g8 iR i A ST ; b ~
melt.

e-fusible element to

al-purpose current-limiting fuse: a current-limiting fuse capable of interrupting all currents from itd rated interrupting

back action: A protective feature (a type of overload protection) that may be ihcorporated in
reduced-voltage solid-state controllers. When the load attempts to draw excessive overcurrgnt through the
solid-state poftion of the controller, this action reduces both output voltage and current to Igwer values so
as to avoid dgmage to the solid-state portion of the controller.

3.202 IndeX of definitions

A
ambient air temperature 3.1.106
applied voltage |(for a switching device) 3.7.120
arcing time (of g pole or a fuse) 3.7.125
assemblies of cpntrolgear 3.2
assembly 3.1.213
automatic bypags function 3.4.203
autotransformef starter 3.4.110.5
auxiliary circuit 3.5.104
auxiliary compaftment 3.1.205

B
barrier (or partitjon) 3.1.214
blank space 3.1.215
break time (of the contactor) 3.7.126
breaking capacity (of a switching device or a fuse) 3.7.102
breaking current (of a switching device or a fuse) 3.7.101

C
characteristic quantities 3.7
Class C1 3.4.113
Class C2 3.4.114
Class E controller 3.1.209
Class E1 controller 3.1.210
Class E2 controller 3.1.211
clearance 3.1.220
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closed position (of a mechanical switching device) 3.6.105
closed transition (of an autotransformer starter) 3.6.117
closing operation "C" (of a mechanical switching 3.6.103
device)

controller, combination starter 3.4.111
conductive part 3.1.105
connected position of a drawout (withdrawable) 3.1.207
element

contactor 3.4.105
control circuit 3.5.103
control power transformer (CPT) 3.1.221
controller and cdntrolgear 3.1.101
cover 3.5.203
creepage distange 3.7.202
current setting of an overload relay or release 3.6.110
current setting rgnge of an overload relay or release 3.6.111
degree of protection 32
disruptive dischdrge 3.7.203
door 3.5.204
drawout (withdrgwable) element 3.5.202
earthing switch 3.4.104
electromagneticcontactor 3.4.106
electromagneticstarter (electromagnetic controller) 3.4.110.9
enclosure 3.5.205
extendable powgr bus 3.5.208
factory-prepared space for future conttoller unit 3.1.217
foldback action 3.201.2
full-voltage startér 3.4.110.1
fused short-circyit current 3.7.119
fuse 3.101.1
fuses 3101
general terms 3.1
ground (earth) 3.1.222
grounding kit 3.1.224
inching (jogging) 3.6.118
insulation class 3.1.223
interlock (interlocking device) 3.5.201
isolating distance (gap) 3.71
isolating means (isolating switch or disconnector) 3.4.103
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Joule integral (I%t) 3.101.5
L
latched contactor 3.4.109
let-through current (sometimes called cut-off current) 3.7.114
line contactor 3.1.206
low-voltage 3.1.203
low-voltage control compartment 3.1.204
main circuit 3.5.102
making capacity (of a switching device) 3.7.103
maximum acceptable power dissipation 3.7.118
maximum open|ng time (of the contactor) 3.7.124
maximum prosgective peak current (of an ac circuit) 3.7.111
maximum take-pver current 3.7.117
mechanical swifching device 3.4.102
medium-voltagq 3.1.204
medium-voltagg compartment 3.1.202
medium-voltagg control center (or control center) 3.1.212
medium-voltagg fuse 3.201
minimum break|ng current 3.7.113
minimum opening time (of the contactor) 3.7.123
minimum take-qver current 3.7.116
non-extendable|power bus 3.5.209
n-step starter 3.4.110.10
open position (df a mechanical switching deviee) 3.6.106
open transition {of an autotransformef starter) 3.6.116
opening operatipn "O" (of a mechanical switching 3.6.104
device)
opening time (of a contactor) 3.7.122
operating cycle |(of a meehanical switching device) 3.6.102
operation 3.6
operation (of a mechanical switching device) 3.6.101
overcurrent 3.1.102
overload 3.1.104
overload relay or release 3.6.108
partially completed controller unit 3.1.218
parts of a controller 35
parts of assemblies 3.3
phase failure sensitive overload relay or release 3.6.112
plugging 3.6.119
pole of a switching device 3.5.101
position of rest (of a contactor) 3.6.107
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power bus 3.5.207
power-frequency recovery voltage 3.7.108
pre-arcing time 3.101.3
prospective breaking current (of a switching device or 3.7.112
fuse)
prospective current (of a circuit and with respect to a 3.7.109
combination situated therein)
prospective peak current 3.7.110
prospective transient recovery voltage (of a circuit) 3.7.121
reactor starter (often referred to as a primary reactor 341108
starter)
recovery voltagg 3.7.106
reduced-voltage|solid state controller 3.4.202
reduced-voltage|starter 3.4.110.4
reversing starter] 3.4.110.2
rheostatic starte 3.4.110.6
service disconngcting means 34.103.201
SF¢ contactor 3.4.108
short-circuit currgnt (often called fault current) 3.1.103
short-circuit protgctive device (SCPD) 3.4.112
short-time withsfand current 3.7.105
space for future gontroller unit 3.1.216
spare controller pnit 3.1.219
starter 3.4.110
starting time (of & reduced-voltage starter) 3.6.115
starting time (of & rheostatic starter) 3.6.114
striker 3.101.2
supply voltage 3.7.201
switching device 3.4.101
switching devices 3.4
take-over curren 3.7.104
take-over current 3.7.115
test position of a drawout (withdrawable) element 3.1.208
thermal overload relay or release 3.6.109
total clearing time (sometimes called operating time) 3.101.4
transient recovery voltage (TRV) 3.7.107
two-direction starter 3.4.110.3
ultimate trip current 3.7.204
under-current (under-voltage) relay or release 3.6.113
vacuum contactor 3.4.107
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vacuum interrupter

vertical section

wound-rotor sta

®
»
N
=

@
I
[N}
>

rter (or a rheostatic rotor starter) 3.4.110.7

4 Controller and Control Center Ratings and Characteristics

A contactor, starter, or combination in the correct condition of maintenance and adjustment shall be able to
withstand all the stresses that occur in service, provided that these do not exceed its rated characteristics.

The characteyisti

equipment, th

Under this he
need to be ta

The rating of

A Class E cdg
some cases r

Where prefer
preferred rati
mandatory va|

41

The rated ma
the device or
12.0kVand 1

NOTE: Standard
4.1.201 Rat

The rated sup

t shall be used to determine the ratings are given in this clause.

ding, consideration is also given to the characteristics which are not necesss
en into consideration in the specification and design stages.

controller is dependent on the medium-voltage fuse used.

ntroller intended for use with non-motor loads, such<as transformers or cap
bquire special considerations not included in this standard.

ed ratings are specified in this standard, these.ratings are not restrictive; rati

ues.

Rated maximum voltage (U,)

Kimum voltage indicates the upper limit of the highest voltage of the system vo
assembly is intended. Standard values of rated voltages are 2.5 kV, 3.6 kV, §
5.0 kV.

alues of rated voltagein\Mexico are 3.6 kV, 5.0 kV, and 7.2 kV.

pd supply voltage (U,)

> and auxiliary

rily ratings but

acitors, will in

hgs other than

hgs may be specified. Ratings which are not, specifically identified as preferijed ratings are

tage for which
.0 kV, 7.2 kv,

ply voltage is the voltage to which the line side of the controller is designed to e connected.

4.2 Rated insulation level (U,) (Up\

The rated insulation level is the impulse test voltage (BIL) (U,) and the power-frequency withstand test
voltage (U,) from Table 1 that the controller is expected to withstand.

4.2.101

[Vacant]

Rated rotor insulation level

4.2.102 Rated starting voltage of an autotransformer controller (Uy,)

The rated starting voltage of an autotransformer controller is the reduced voltage derived from the

transformer.

Preferred values of rated starting voltage (Uy,p) are 50%, 65%, or 80% of the rated supply voltage.
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4.2.103 Rated starting voltage of a reactor starter (Uy,;)

The rated starting voltage of a reactor controller is the reduced voltage derived from the impedance of the
reactor and the motor current before rotation.

Preferred values of rated starting voltage (U,p) are 50%, 65%, or 80% of the rated supply voltage.
4.3 Rated frequency (f,)

The rated frequency is the supply frequency for which the device is designed and to which the other
characteristic values correspond. The standard values of the rated frequency are 50 Hz and 60 Hz.

The preferred fated frequency is 60 Hz.
4.4 Rated continuous current and temperature rise
4.4.1 Rated hormal current

[Vacant]

NOTE: See Clauses 4.4.101 and 4.4.201.

4.4.2 Temperature rise
The temperatyre rise of any part of a contactor or controller at an ambient air temperature pot exceeding
40°C shall nof exceed the limits of temperature risge-specified in Table 2 when tested in acgordance with
Clause 6.5.

44101 Rated continuous current (thermal current rating) (/)

The rated continuous current (thermal-Current) is the maximum current carried on a continuous basis
without the temperature rise of the various parts exceeding the limits specified in Table 2.

NOTE: Selection from the R10 series.is)not applicable.
4.4.201 Control center rated continuous current

Preferred ratings-of extendable power bus are 800 A, 1 000 A, 1 200 A, 1 600 A, 2 000 A, and 3 000 A.

Ratings of non-extendable power bus shall equal or exceed the maximum continuous current of the
connected loads.

The current rating of individual controllers, when grouped within a vertical section, may be less than the
rating of the controller alone when tested in accordance with Clause 6.5.

4.5 Rated short-time withstand current (/)

The rated short-time withstand current is the maximum symmetrical rms value of the short-circuit current
that the extendable power bus and ground bus can withstand. See Clause 4.7 for duration. See Clause
6.6.2 for test details.

The preferred values are 40 kA and 50 KA.
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The non-extendable power bus is not required to have a short-time withstand current rating.
4.6 Rated peak and momentary withstand current

4.6.1 Rated peak withstand current (/;)

The rated peak withstand current is the prospective peak current associated with the first major loop of the
rated short-time withstand current that the contactor, controller, and non-extendable power bus can

withstand in the closed position during the fault interruption test.

The prospective peak current value shall be equal to 2.6 times (60 Hz) or 2.5 times (50 Hz or below) the

rated short-ti

The non-extendable power bus shall withstand the maximum peak let-through fault™cufrg
connected assembilies.

4.6.2 Rated/momentary withstand current

entary withstand current is the maximum total current that the extendable j
ground bus shall be required to withstand. The current shall be the #alue, including the dc
the major pepk of the maximum cycle as determined from theé_énvelope of the curren
maximum offget phase during a test period of at least 10 cycles.

ent among the

ower bus and
component, at
t wave of the

The peak curfent value shall be equal to 2.6 times (60 Hz), or 2.5 times (50 Hz or below) the rated short-

time withstan

current. See Clause 6.6.2 for test requirements.

NOTE: The momgntary current is expressed as the peak currént.

The symmetrical current shall be the rated.short-time withstand current.

The non-exte

4.7 Rated duration of shortycircuit (t,)

471 Genenal
The rated dur

current equal

ation of 'short-circuit is the interval of time for which a controller or control cen
to its rated short-time withstand current.

ndable power bus is not required to have a momentary withstand current rating.

er can carry a

4.7.2 Rated duration of short-circuit for extendable power bus

The standard value of rated duration of short-circuit is 10 cycles (0.167 s at 60 Hz).

If necessary, a value other than 10 cycles (0.167 s at 60 Hz) may be chosen. The recommended values

are 0.5s,1s,and 2 s.
4.7.3 Rated duration of short-circuit for non-extendable power bus

The rated duration of short-circuit withstand current is the clearing time of the medium-vo
Class E2) or controller (for Class E1).

Itage fuse (for
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4.8 Rated supply voltage of operating devices and of auxiliary and control circuits (U,)

4.8.1 General

The supply voltage of closing and opening devices and auxiliary and control circuits shall be understood to
mean the voltage measured at the circuit terminals of the apparatus itself during its operation, including, if
necessary, the auxiliary resistors or accessories supplied or required by the manufacturer to be installed in
series with it, but not including the conductors for the connection to the electricity supply.

4.8.2 Rated supply voltage (U,)

Common values for the rated control circuit supply voltages are as follows:

Canada
Rated syipply frequency United States Mexico
60 Hz 120 Vac 127 Vac
50 Hz 230Vac NA
dc 125V dc 125V dc

4.8.3 Supply voltage range

The range of|ac and dc power supply voltage in normal duty measured at the input of the auxiliary
equipment (el¢ctronic controls, supervision, monitoring and communication) is 85% to 110%. See Clause
6.101.1 for test procedure.

4.9 Rated sypply frequency of closing andopening devices and of control circuits
The standard yalues of rated supply frequency are dc, 50 Hz and 60 Hz.

410 Rated pressure of compressed gas supply for installation and/or operation
[Vacant]

4.101 Rated operational current or rated operational power (/)

[Vacant]

4102 Rated duties
[Vacant]
4.103 Rated making and breaking capacities

A contactor shall be capable of making and breaking the maximum current at which the overload relays
alone cause current interruption (take-over current). The rating is determined by the make and break
capacity test described in Clause 6.102.
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4.104 Utilization category

[Vacant]

4105 Mech

anical endurance (standard and optional)

With respect to its endurance against mechanical wear, a contactor or starter is characterized by the
number of no-load operating cycles (i.e. without current on the main contacts) that can be made before it
becomes necessary to replace any parts.

The minimum number of operations for the required standard rating is 10 000 and shall be verified in

accordance

ith the test described in Clause 6.101.2

An optional rg

ting above 10 000 may be provided. The preferred optional ratings, expresse

operations, afe 0.03, 0.1, 0.3, 1 and 3.

4.106 Elect
[Vacant]
4.107 Coor

Class E2 co
Current-limitin
medium-volta
breaking timg

rfical endurance

lination with medium-voltage fuses

ntrollers are characterized by the type, ratings, and characteristics of the
g fuses, to be used to provide overcurrent delineation between the co
pe fuses, shall be coordinated with thé eontactor. The contactor interrupt
shall be coordinated with the medium-voltage fuses such that the contg

attempt to intgrrupt currents above its breaking capacity.

The medium-
short-circuit &
conditions at

The medium-
overload leve

For additional

oltage fuses shall preferably.be Tocated on the supply side of the controller, ar
reaking capacity not less\than the prospective current (symmetrical) undé
ts location.

voltage fuses shallynot operate in place of the contactor for currents up to
s in normal service (including stalled current of the motor).

coordination information, refer to Clauses 4.201 and 4.202.

4108 Typ

[Vacant]

d in millions of

power fuses.
htactor(s) and
ng rating and
ctor does not

d shall have a
br short-circuit

the maximum

celeration

e$ and characteristics of automatic change-over devices and automatic ac
control devije

S

4.109 Types and characteristics of autotransformers or reactors

Autotransformers or reactors shall be characterized by:

a) the supply voltage;

b) the number of taps available for adjusting the starting torque and current;

c) the rated starting voltage (see Clauses 4.2.102 and 4.2.103);

d) the current they can carry for a specified duration;


https://ulnorm.com/api/?name=UL 347 2025.pdf

30

NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347

FEBRUARY 3, 2025

e) the rated starting duty (see Clauses 4.204 and 4.204.1); and

f) the method of cooling (e.g., free air, forced air, liquid immersion).

The autotransformer or reactor may be either built into the controller or provided separately.

4110 Types
[Vacant]

4111

and characteristics of the starting resistors for rheostatic motor starters

Characteristics dependent on starter type

[Vacant]
4112 Rated

A capacitive {
switching shal

a) Rats

b) Ratsg
The values of
Two classes o

* Class
type te

* Class
type te

41121 Ratg

capacitive switching currents

include one or both of the following, where applicable:

d single capacitor bank breaking current and inrush making current.

d back-to-back capacitor bank breaking current and inrush making current.
rated capacitive switching currents shall be given by the manufacturer.
f switching devices are defined according to their restrike performances:

C1: low probability of restrike during capacitive current breaking as demon
51S.

C2: very low probability of restrike during capacitive current breaking as der
5tS.

NOTE 1: The probability)is related to the performance during the series of type tests stated in 6.1(

NOTE 2: The same switching device may have different classes depending on the application.

d single capacitor bank breaking current

The rated sin

witching current rating is optional. The rating of a switching device for capacitive current

strated by the

nonstrated by

©

jle_tapacitor bank breaking current is the maximum capacitor current that

the switching

device shall be capable of breaking at its rated maximum voltage U, under the conditions of use and
behavior prescribed in this standard. This breaking current refers to the switching of a shunt capacitor
bank where no shunt capacitors are connected to the source side of the switching device.

4.112.2 Rated back-to-back capacitor bank breaking current

The rated back-to-back capacitor bank breaking current is the maximum capacitor current that the
switching device shall be capable of breaking at its rated maximum voltage U, under the conditions of use
and behavior prescribed in this standard.

This breaking current refers to the switching of a shunt capacitor bank where one or several shunt
capacitor banks are connected to the source side of the switching device giving an inrush making current

equal to the ra

ted back-to-back capacitor bank inrush making current.
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4.112.3 Rated single capacitor bank inrush making current

No rated values are defined. Inrush currents associated with single capacitor banks are not considered
critical.

4.112.4 Rated back-to-back capacitor bank inrush making current

The rated back-to-back capacitor bank inrush making current is the peak value of the current that the
switching device shall be capable of making at its rated maximum voltage U, and with a frequency of the
inrush current. The values shall be given by manufacturer.

4.201 Characteristics of Class E2 controllers

4.201.1  Running overcurrent protective units for Class E2 controllers shall be selected\to:
a) preyent continuous operation above the rated continuous current of the.controller,

b) proyide protection of branch circuit conductors and connected loads in accordance with Annex
A, itenm 1; and

c) opefate before any fuse melts at all currents below the rated minimum interrupting current of the
power|circuit fuses.

4.201.2 Power circuit fuses shall be selected to be able to:

a) permmit repetitive switching of the load, with'\consideration given to inrush curfent and time,
without damaging a fuse,

b) intefrupt faults at or beyond the controller load terminals, and

c¢) confinuously carry overload relay ultimate trip current.

4.201.3 Contactors shall be selected to:
a) conjinuously carry ovefload relay ultimate trip current, and

b) intgrrupt normal running currents and operating overload currents up to the rated minimum
interrupting current of the power circuit fuses.

4.202 Faultfinterrupting rating

The interrupting rating of a Class E controller is expressed in terms of the maximum symmetrical fault
current and specific line-to-line voltage it can interrupt at the controller incoming line terminals, according
the fault interruption test described in Clause 6.104.

Standard fault-interrupting ratings for Class E2 controllers, based on power fuse interrupting rating, are
40 kA and 50 kA rms symmetrical.

4.203 Control center short-circuit rating
The short-circuit rating of a control center is equal to the lowest of the:

a) fault-interrupting rating of the installed controllers;

b) rated short-circuit current of protective devices; or
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c) the rated short-time withstand current of the extendable power bus.

4.204 Starting duty of reduced-voltage starters

The locked-rotor current at full voltage is assumed to be 6 times full load current. Ratings shall be

determined as

follows:

4.204.1 The starting duties for motor starting autotransformers and reactors:

4.204.1.1 Medium duty: The starter shall be rated based on the following test sequence:
a) On 30 s off 30 s, repeat two times for a total of three on/off operations.
b) Res{ one hour.
c) Repegat step (a).
4.204.1.2 Hgavy duty: The starter shall be rated based on the following test.sequence:
a) On 1 min off 1 min, repeat four times for a total of five on/off operations.
b) Res{ two hours.
c) Repegat step (a).
4.204.1.3 Optional Duty: Optional duty includes a starting current, specified as a multip

current, and a
a)Ont
b) Off t
¢) Num
d) Res

e) Rep

Optional duty

nameplate andl drawings.

test sequence defined by the following parameters:
me (in seconds).

me (in seconds).

ber of consecutive on/off operations.

time (in hours).

bat step (a) through (d) for specified number of sequences.

starters~shall have their duty cycle capabilities clearly and completely m|

4.204.2 The

Reduced voltage solid state starters shall have a rated starting duty. The preferred starting duty is medium
duty in accordance with Clause 4.204.2.1. Optional starting duty may be assigned, using the format in

accordance wi

4.204.2.1
on the followin

a)Ont
b) Off t

ety ireed-vol lid-state-starters:

th Clause 4.204.2.2.

Medium duty: The starter shall be rated with current of 4 times the rated full load current and

g test sequence:
ime of 30 s.

ime of 30 s.

c) Repeat 2 times for a total of 3 consecutive on/off operations.

d) Rest 1 hour.

FEBRUARY 3, 2025

le of full load

arked on the
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e) Repeat step (a), (b) and (c) for a total of two sequences.

4.204.2.2 Optional Duty: Optional duty includes a starting current, specified as a multiple of full load

current, and a

test sequence defined by the following parameters:

a) On time (in seconds).

b) Off time (in seconds).

c) Number of consecutive on/off operations.

d) Rest time (in hours).

e) Ref
4.205 Duty
4.205.1 Cor

The controller
exceeding the

4.205.2 Intgrmittent duty (with or without bypass contactor)

The controlle
specified by t
exceeding the

a) On
b) Off
c) Nun
d) Res

e) Ref

4.206 Grou

eat step (a) through (d) for specified number of sequences.
rating for solid state resistive load controllers
tinuous duty (no bypass contactor)

shall be capable of operating at its maximum rated contintous current contin
temperature limits specified in Clause 6.5.5.201.

I shall be capable of operating at its maximum rated continuous current
ne manufacturer and defined in a test sequénce defined by the following paran
temperature limits specified in Clause 6.5.5.201:

ime (in seconds or minutes).

ime (in seconds or minutes):

nber of consecutive on/off-Operations.
t time (in hours).

eat step (a).through (d) for specified number of sequences.

hding switch (optional)

4.206.1 Grdunding switch operating

Lously, without

for a duty as
heters, without

Grounding switches shall be manually operated. Power operated devices may be used, providing they
have provisions to be operated by hand.

Grounding switches shall have provisions to be padlocked in the closed position or shall have provisions to
padlock the access to the operating means for the grounding switch such that the switch cannot be

opened.

If the grounding switch has provisions for electrical operation, padlocking in the closed position shall
prevent the switch from opening when an attempt is made to electrically open the switch.
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4.206.2 Gro

unding switch mechanical endurance

A grounding switch shall be capable of performing 1000 operations without voltage on or current through

the circuit.
See Clause 6.
4.206.3 Gro
4.206.3.1

Grounding sw

a) Rats

b) Ratg

These ratings

See Clause 6.|

4.206.3.2 A

such as a capacitor bank, shall have the following additional manufacturer defined ratings:

a) Sho
circuit

b) Sho

withsta

c) Pea
circuit,

d) Ped
ground

Grounding sw
speeds and pr

See Clause 6.

101.3 for testing requirements.

unding switch electrical ratings

Grounding switches are intended to be used on de-energized power circuits.

tchae chall hava tha fallaowina alactrical ratinae-
toR8S-SHa e V-e-tHeE-+oeWHRg-BS18ctHEa - aHRgS-

d maximum voltage for the line side terminals, when in the open position;-and

d insulation level for the line side terminals, when in the open position.
Shall be equal to or greater than the controller ratings.
P for testing requirements for these ratings.

prounding switch that is intended to ground a load‘that may contain stored ele

t time withstand current — The maximumsymmetrical rms value of the pros
urrent that the grounding switch can carry'when in the closed position.

nd current, when in the closed pasition.

k closing current — The maximum value of prospective peak current, of a
that the grounding switch gould be closed into.

ng switch could-be closed into.

tches provided with closing ratings shall be constructed such that the con
pssure are'independent of the operating speed of the manual handle.

PQ9\for testing requirements for these ratings.

ctrical energy,

pective short-

't time withstand duration — The time the grounding switch can carry the rated short time

stored energy

k making voltages="The maximum peak voltage, of a stored energy cifcuit, that the

act operating

4.206.4 Grounding switch construction

Vacuum or any other type of sealed switching devices are not suitable to be used as grounding switches.

5 Designan
5.1

[Vacant]

d Construction

Requirements for liquids

5.2 Requirements for gases

[Vacant]
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5.3 Provisions for protective grounding

5.3.201 Terms

The grounding and bonding terms are identified in Figure 8. The terms used in this standard are in
accordance with the UL column in Figure 8. The corresponding CSA C22.1 Canadian Electrical Code, Part
1 (CE Code) terms and ANCE terms are also provided for information in Figure 8.

5.3.202 Grounding of exposed metal parts

An enclosure shall have provision for permanent and effective grounding of exposed non-current-carrying
metal parts. The means for grounding shall consist of a ground bus or ground stud with prgvisions for the

mounting of p|
3. At all poin
assembly, an
electrical con
considered to|

There shall b
live parts. All

shall be grour

If the above
accordance w

In Canada, pr

ressure terminal connectors acceptable for use with conductors of the size ind
s of connection between the ground bus or the equipment grounding~cong
y nonconductive coating, such as paint, shall be removed or penetratedto p
hection. Bolts or screws engaging at least two full threads in the penetrated
have provided adequate penetration.

b provision for permanently and effectively grounding a metal plate that cove

ded.

requirements cannot be visually verified, the\grounding provisions shall
ith Clause 6.205.

pvision for grounding and bonding shallalso comply with Annex A, ltem 13.

5.3.203 Grdund bus

A ground bus

shall be provided for all.céntrollers having extendable power bus, and for

consisting of multiple vertical sections!

When a ground bus is providedyit'shall be of equivalent cross-sectional area to the condu

column2or 3

When a grour

of Table 3. Splice bars shall be provided for field splicing sections as needed.

d bus is netprovided, at least two terminals shall be provided on the frame or ¢

cated in Table
uctor and the
rovide a good
metal shall be

rs uninsulated

Head metal parts that are likely to be touched by persons and are likely to become energized

be tested in

all assemblies

ctors shown in

enclosure:

a) for

center{frame; and

n equipment-grounding conductor of a size in accordance with Table 3 to gro

Tnd the control

b) for an equipment-grounding conductor to bond all outgoing conduits to the enclosure frame. The
second connection shall accommodate an equipment-grounding conductor in accordance with
Table 3 corresponding to the largest branch circuit.

5.3.204 Provision for ground termination

Controllers shall include one of the following provisions for the termination of the grounding conductor
associated with each incoming or outgoing circuit, or provision for field installation of wire connectors
suitable for that purpose:

a) for each circuit, a suitable stud or bolt mounted on the grounding bus or controller structure,
together with a standard complement of hardware to secure a suitable wire connector (the
connector need not be furnished);
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b) for each circuit, a wire connector, located either on the grounding bus or elsewhere on the
controller structure, or

c) for each circuit, a termination pad with drilling in accordance with Annex A, Item 21.

Refer to Claus

es 5.3.207 and 5.208 for grounding kit requirements.

5.3.205 Grounding of drawout elements

The metal frame of the drawout element shall be grounded in the test and connected positions and in all
locations between these positions.

When in the t
become energ
the part contai

5.3.206 Gro

The metal cas
shall be consi
not mounted d
least 12 AWG

grounding co

bst position, all dead metal parts that are likely to be touched by persons an
ized shall be grounded. A dead metal part shall be considered likely to becom
hs or encloses live parts above 50 V.

inding of instrument and control circuits

es or frames of instrument transformers, instruments, meters;felays, and simi

d are likely to
e energized if

lar equipment

jered adequately grounded when mounted directly on,the-grounded metal stjucture. When

irectly on the grounded metal structure, metal casessshall have a grounding ¢
3.31 mm?) copper or equivalent.

ductor for secondary circuits of current and-voltage transformers and for inst

Secondary CHCUitS of internally mounted current and voltage transformers shall be g

shall notbe s

aller than 12 AWG (3.31 mm?) copper or équivalent.

5.3.207 Wir

, cable, bus connector, and grounding kits

Controllers intended to be terminated withfield wiring larger than 10 AWG (5.26 mm?) neeq
wire connectdrs attached if connector and grounding kits that will properly accommoda

suitable for th
in accordance
Clause 5.208 {

5.3.208 Con

There shall be

ampere rating of the device are made available by the manufacturer and ide
with Clause 5.10.204(v). Grounding kits may be provided for all sizes of co
or connector and\grounding kit requirements.

nection oficonductor shields

provisjons for bonding of conductor shields to the ground bus.

pnductor of at

ounded. The
rument cases

not have the
e conductors
ntified for use
hductors. See

These provisions shall be Tocated:

a) Such that the shield bonding conductor need not exceed 1m (3.3 ft), and

b) In the same compartment as the wiring terminal for the associated shielded conductors.

5.4 Auxiliary and control equipment

Auxiliary equipment and components utilized in control centers shall comply with the requirements for the
subassembly or component, as applicable. See Annex D for a list of standards covering components
generally used in products covered by this standard.
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5.5 Depend

[Vacant]

ent power operation

5.6 Stored energy operation

[Vacant]
5.7

[Vacant]

Independent manual operation

5.8 Operati
[Vacant]
5.9 Low-an
[Vacant]
5.10 Markin

All markings s
the country in
States). Caut
choose to util

Unless othen
provided they|

NOTE: In Canad
markings specifie
conform with the

Contactors a
5.10.201to 5

bn of releases

d high-pressure interlocking and monitoring devices

gs

hall be in the appropriate language (or symbals-as noted in this standard), as
which the controller will be installed (Spanist’for Mexico, English for Canada
on and warning markings shall be in English and French in Canada. A mar
ze multiple languages on a controller,

vise stipulated, markings are ‘net required to be located on the outside of
are readily visible by opening'a door or removing a cover after installation.

B, there are two official languages, English and French. Annex C provides French and Spanish
d in this standard. Markings required by this standard will in some cases have to be provided in g
anguage requirements-of.the country where the product is to be used.

nd Class E_centrollers shall be legibly and permanently marked as specifi
10.206 todidentify the equipment and ensure that it is suitable for the particular

Mexico, refergnce Annex A, ltem 4.

5.10.201

Ge¢neral markings required for contactors and controllers

necessary for
and the United
ufacturer may

an enclosure

ranslations of the
ther languages to

ed in Clauses
installation. In

The following

markings are required:

a) manufacturer's name or trademark;

b) catalog or manufacturer's identification;

c) serial number, date code, or equivalent markings;

d) number of phases;

e) freq

uency;

f) rated continuous current, rms amperes;

g) fault interrupting rating (V and rms symmetrical amperes);
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h) rated maximum voltage;
i) rated insulation level [impulse test level (BIL)];
j) control voltage, including control frequency if different from item (e); and

k) manufacturing location.
5.10.202 Additional marking for controllers

The following markings are required:

a) rateqrsuppty-vottage;

b) clas$ E1 or E2 controller, as appropriate;

c) load|rating (as appropriate based on application);

d) power circuit fuse type and size for Class E2 controller;

e) ratedl continuous current of extendable bus system, where supplied;
f) enclgsure type (see Annex A, Item 6);

g) diagram number(s), if applicable;

h) for gontrollers arranged for more than one supply’ (power) circuit, the required mafking for each
supply [circuit, i.e. voltage, current, frequency, number of phases, etc., as applicable; gnd

i) for rgduced voltage controllers, the starting duty (medium or heavy duty). For solid|state devices
with stprting duties other than medium, or heavy duty, the marked starting duty|shall include
specifigd parameters in Clause 4.204.2.2.

5.10.203 Adgitional markings for control centers

In addition to [the above markings; the following are required for control centers with extendable power
bus:

a) ratedl continueus current of extendable power bus;

b) ground bus size;

c) rated momentary withstand current of extendable power bus; and

d) rated short-time withstand current and duration of extendable power bus.
5.10.204 Conditional markings
Where applicable, equipment shall be legibly marked as follows:

a) Doors and covers of compartments containing medium-voltage components shall be provided
with a warning marking on the outside of the door or cover providing access, stating “DANGER
High Voltage Keep Out” or “DANGER: ___ V” (with system voltage or voltage class inserted in the
blank space).

b) The external manual release operator of a latched contactor shall be marked to indicate its
function.
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c) Equipment for use with either copper or aluminum conductors shall be marked “CU-AL” or the
equivalent. Equipment for use with copper conductors only shall be marked “CU Only” or the
equivalent. This marking shall be visible when making terminations to the equipment.

d) The volt-ampere (VA) rating, or the equivalent, of any operating coil circuit which requires a
remote control device with a sealed rating of more than 125 VA shall be indicated.

e) Permanent, legible marking shall be installed on panels or doors that give access to live parts
warning of the danger of opening while energized.

f) Unless the proper wiring connections are plainly evident, wiring terminals shall be marked, or the
equipment shall be provided with a suitable wiring diagram to indicate the connections.

g) If acontroller uses current transformers and overload relays with removable over
it shall be marked "WARNING: This controller furnished with current transformers-1
without overload elements installed" or the equivalent.

oad elements,
Do not operate

ch as barriers
| be marked to

h) Any barrier intended to be removed during routine maintenance or servicing (su
requirgd to be removed for replacement of fuses or the examination of contacts) sha
indicate that its reinstallation is required.

ssible with the
he fuseholder:

i) If the design of the controller is such that a low-voltage copntrolcircuit fuse is acce
CPT of voltage transformers energized, a warning shall be provided in the vicinity of {
"WARNING" followed by the statement "Fuses may be energized" or the equivalent.

j) Conyrollers with overload protective units arranged to energize signals only in agcordance with
Clausg¢ 5.203(c) shall be marked to state that the<motor running protective units d¢ not open the
motor [circuit, and shall reference the applicable-national installation code requirement (including
articlejand clause).

k) Corn
wire ¢

trollers employing an automatic reset overload relay and a wiring diagram
bntrol shall be marked to indicate that a load connected to the circuit can star

when the relay is in the automatic-reset position.

) An €
the eq

m) A ¢
High \
out pr

nclosure provided without a bottom shall be marked "Not for use on combus
Livalent.

oor that is not'interlocked as described in Clause 5.102.204 shall be marke

or to removing any bolts or opening this door. Close door and tighten all b

ndicating two-
[ automatically

tible floors" or

H "DANGER -

oltage — Door is not interlocked — Ensure that all sources of supply are isolaed and locked

plts before re-

energiging this'equipment.”

n) Specialoperating conditions, if applicable, shall be marked.

0) Altitude (if over 1 000 m) shall be marked.

p) Equipment that is energized from more than one circuit and that does not have means for
disconnecting all ungrounded conductors within a single enclosure or compartment shall be
permanently marked on the outside with the following, or equivalent wording: “WARNING: More
than one live circuit. See diagram.”

q) The type and rating of fuses used to provide overcurrent protection in low voltage-control circuits
shall be permanently marked adjacent to the fuseholder. This information may be provided by a
table permanently affixed to the enclosure, provided the fuseholders are appropriately identified.

r) The current element table of an overload relay, and associated markings, when provided, shall
be permanently affixed within the controller where it will be clearly visible,
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s) Where control-circuit overcurrent protection is not provided in the equipment, a permanent
marking shall be provided on the controller or controller wiring diagram to indicate that such
protection is required.

t) If a controller feeds a capacitor load, a danger/warning label shall be provided on the outside of
the door or cover providing access, with words to the following effect:

“Hazardous voltage may be present on load side conductors after contactor and isolating
means have been opened. Capacitor internal resistors require 5 minutes to discharge
capacitor down to 50 V after de-energization. Wait 5 minutes after disconnecting power and
then use proper voltage sensing device to verify voltage before servicing equipment.”

NOTE: This marking is not required if the capacitor is on the same circuit as a motor.

u) A vertical stack arrangement shall be provided with a marking indicating theé elampere rating
permitted in each position.

v) Terminal kits shall be marked as follows:

i) Identification of the kits that can be installed shall either be,marked on the equipment,
supplied separately, or included in the manufacturer's catalogs.

i) The connector kit or its package shall be marked-with its identification and the name or
trademark of the manufacturer. Information on¢the’ range of conductor gizes that the
connector is intended to accommodate shall beimarked on one of the following: the Kit, its
container or package, the main device, or its‘enclosure; or shall be included ps a separate
sheet.

w) Kits|other than terminal kits shall be marked:as follows:

i) Identification of the kits that can be installed in medium-voltage control equigment shall be
either marked on the equipmeént, supplied separately, or included in the manufacturer's
catalogs.

i) The kit or its smallest” unit package shall be marked with its catalog ngmber (or the
equivalent) and the.name or trademark of the manufacturer.

iii) Unless proper installation of a kit is clearly evident, assembly instrucfions shall be
provided, eithef as part of the kit or as part of the medium-voltage control equipment, and
shall inclade:

1) a clear identification of the individual parts, components, or subassemblies;

2y schematicorwirmgdiagrams; if applicabte;
3) explicit assembly information that describes all aspects of assembly;

4) clear identification of the controller(s) in which the kit is intended to be installed;
and

5) identification of the parts and components of a kit, if required, in such a manner as
to ensure proper matching with the schematic or wiring diagram.

X) An enclosure that meets the test requirements in Clause 6.203 shall be marked “Rainproof” or
“Raintight” (in addition to the enclosure type marking in accordance with Annex A, ltem 6).

y) Such other marking as may be necessary to ensure safe and proper operation shall be provided.
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z) Equipment shall be marked “Size conductors based on 90°C cable ampacities". This marking
shall be visible when making terminations to the equipment.

5.10.205 Marking for service equipment

5.10.205.1

The following

Marking for service equipment (for Mexico and the United States only)

requirements shall apply:

a) If equipment is intended for use as service equipment, it shall be marked as follows:

i)in the case of an insulated neutral, “Suitable for use as service equipment;”

b) If
discon

with ipstructions to apply near the disconnect handle(s) if,the equipment is us|

equiprn
used

incorp
discon

c)Ife
bondir

d) If eq
device
switch

e) Equ

with gifound fault protection:shall be marked for the use specified as follows:

ii) in the case of a factory bonded neutral for other than fire pump contrellers,
for use as service equipment;” and

iii) in the case of fire pump controllers, “Suitable for use as service equipment

bquipment is marked “Suitable for use as service equipmént,” the ma
nect” shall be provided in the form of pressure-sensitive labels in an envelopg

nent. If the equipment is intended for a particular installation in which it is know
as service equipment, the markings may be “applied at the factory. H
prating multiple service disconnects, this marking shall be provided for
nect.

Huipment is marked “Suitable for use as ‘service equipment,” instructions fo
g means shall be provided.

uipment is marked “Suitable only for use as service equipment,” each service
for ungrounded conductors.shall be marked “Service disconnect” on or a
or circuit breaker handle(s):

ipment rated three-phase, four-wire and having a solidly grounded neutral bt

i) “Suitable tonly for use as service equipment when supplying a continy
process;’ or

“Suitable only

'king “Service
, oron a card,
ed as service
n that it will be
or equipment
each service

r installing the

disconnecting
djacent to the

t not provided

ous industrial

i) “Suitable for use as service equipment only if supplying a continuous indu

f) Equ

pment that is marked “Suitable only for use as service equipment” or “Suit

sfrial process.”

]

ble for use as

service equipment” and not provided with ground fault protection shall be marked for:

i) supplying a fire pump;
ii) an alternate source for legally required standby service; or

iii) use as the disconnecting means for a second building on the property whe
protection is provided on the supply side of this disconnecting means.

5.10.205.2 Marking for service equipment (for Canada only)

The following

requirements shall apply:

re ground fault

a) The equipment marking required by Items (i) and (ii) below shall be permanent and plainly

visible

on the outside of the service compartment:
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i) Service equipment shall be marked “Suitable for use as service equipment.”

i) A compartment in a medium-voltage control assembly that is intended for supply
authority use shall be marked with the following or equivalent wording: “Compartment for

supply authority use only.”

b) Medium-voltage control assemblies intended for service use and constructed in accordance with
Clause 5.204.2.3(c) shall be provided with a temporary tag, instruction sheet, or the equivalent
indicating how the bond is to be removed when required by the electrical inspection authorities
(e.g., “Where electrical inspection authorities require the neutral assembly to be disconnected from
the enclosure, .....").

ation shall be included, as applicable:

a) diagram(s) for the controller(s) to include electrical schematic and terminal identific
b) effective current transformer ratios (to include ground fault<CT ratios if requ
settings);

c) infor|
d) accs

e) instr|
5.10.207 Ma

The ratings o
Grounding sw|
have the ratin
the switch is p

Grounding sw
have the crosg
on the switch.

5.11 Interloc

5.11.201 Iso

mation for protective relay setting;

ptable replacement fuses; and

rking for equipment with grounding switches

the grounding switch shallxbe included on the controller rating label and g
tches that do not have shert time withstand current or peak closing curren
s, listed in 4.206.3.2, marked as 0. The markings need not be on the groun
brt of a controller.

tches that are not part of a controller and do not have integral shorting conduc

ks

Lictions detailing wiring and termination techniques to be used during installatign.

uipment. The

ation;

red for relay

n the switch.
[ ratings shall
ding switch, if

tors shall also

-sectional area’or cable size of the shorting conductors with which they were fested marked

lating means interlocks

Interlocks shall be provided by mechanical means to prevent the isolating means from being opened or
closed unless all line contactors are open. A cover or door that is interlocked with the line contactors to
prevent access to the operating mechanism of the isolating means with the contactor(s) in the closed

position is con

sidered to meet this requirement.

Interlocking shall also prevent the line contactors from being closed, unless the isolating means is either in
the closed position or separated by the isolating distance.

When the sum of the full load ratings of the CPT and any other connected transformers exceeds the
interrupting capacity of the isolating means, electrical interlocks shall be provided to disconnect secondary

loads of CPTs

before the isolating means can be opened (see Clause 6.201).
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Isolating means interlocks shall comply with the Interlock Integrity Test in 6.101.3.

5.11.202 Drawout element interlocks

5.11.202.1

be provided with mechanical interlocks that will:

In addition to the requirements of Clause 5.11.201, controllers using a drawout element shall

a) positively lock the drawout element in the housing when the primary disconnecting devices are

in thei

r fully closed or fully connected position;

b) discharge or block stored-energy devices prior to complete removal of the drawout element; and

NOTE:

element

5.11.202.2 |
that is used a
that:

a) is maintained in the closed position in a manner that prevents inadvertent openit
the sh
operat
consid

b) con

5.11.203 Dg

Mechanical d

a) Intg

ith the drawout element in the test position and with the drawout elementrénoved from the

Means to padlock a shutter assembly in a closed position may be used to meet this,requirement
is removed from the cubicle.

5 the isolating means shall be provided with an automatic(Shutter assembly or

utter shall require a degree of difficulty involving a minimum of two separa
ons. Turning a knob, or moving a lever, orgremoving a single bolt, or the lik
ered to provide the required degree of difficulty; and

plies with the shutter integrity test deseribed in Clause 6.206.
or interlocks

por interlocks shall be provided to meet these requirements:

isolatimg means is closed.

b) Intg

voltag

erera.controller is being back fed by other power source(s)

rlocks shall_prevent the isolating means from being closed when the door o
b compartment of the controller is open.

, such as a bypass d

Cc) pre i o= i ; test in Clause
6.207
cubiclg.

When the drawout

N addition to the requirements of Clause 5.11.202.1, a contreller using a drawout element

the equivalent

g. Opening of
e and distinct
B, shall not be

rlocks shall prevent the opening of a door to a medium-voltage compartnjent when the

any medium-

ontactor or an
jed to prevent

opening of a door to a medium-voltage compartment when the isolating means of the back-fed
power source is closed, and to prevent closing of the isolating means of the back-fed power source
when a door to a medium-voltage compartment is open.

NOTE: Key interlocking schemes are considered to meet this requirement.

5.11.204 Contactor interlocks

Any arrangement of two or more contactors that would cause a line-to-line fault if they were in the closed
position at the same time shall be mechanically and electrically interlocked to preclude this condition.
Examples include:

a) reversing contactors in reversing starters;
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b) start and run contactors in autotransformer starters; and

¢) dynamic braking contactors and line contactor.
5.11.205 Door interlock defeat

Where a means for circumventing the door interlock described in Clause 5.11.203 is provided for
inspection or maintenance purposes, some degree of difficulty shall be required to bypass the interlock.
The degree of difficulty shall involve a minimum of two separate and distinct operations. Turning a knob, or
moving a lever, or removing a single bolt, or the like, shall not be considered to provide the required

degree of difficulty.

5.11.206 Arnangement for test operation

If provision is

made for a test position, the isolating means shall be interlocked to ensure thg

distance is esfablished when the drawout (withdrawable) element is in the test pasition. The

shall be arran
separate sour
the contactor

mechanism h3

ped so that it must be disconnected from the normal CPT before-jt'can be ¢
te of control power. Should it be necessary to defeat a mechanical interlock in
bn test power, the isolating means shall be prevented from“being closed unt
s been restored to normal.

5.11.207 Grounding switch interlocks

If a controller

that could ensg
means to prey
open. A cove
mechanism of

s supplied with a grounding switch, the switch*shall be interlocked with any is
rgize the circuit that it is intended to ground. Interlocks shall be provided b
ent the grounding switch from being clesed unless all associated isolation m
or door that is interlocked with the>isolating means to prevent access to
the grounding switch with isolating-means in the closed position meets this reg

Interlocking shall also prevent the isolation\means from being closed unless the grounding

open.
Key interlockir

In addition to {
shall be suppl
are open. Intg
manual switch

g schemes are considered to meet these requirements.

he interlocking‘above, if the grounding switch is electrically operated, electric
ed to preventithe grounding switch from being closed unless all associated is
rlocking-shall also be provided to keep the switch from being electrically o
ng opérations are being performed.

t the isolating
control circuit
bnnected to a
order to close
| the interlock

blating means
y mechanical
eans are fully
the operating
uirement.

switch is fully

al interlocking
blation means
berated when

See Clause 6.

101 3 for fnei‘ing regu lrements

5.12 Positio

5.12.201

n indication

Isolating means — position indication

The isolating means shall provide visible evidence of an isolating distance in the circuit adequate for the
rated voltage. Isolating and load-break switches or drawout assemblies shall be provided with position
indicators indicating the fully closed and fully open positions.

The isolation gap or a mechanically operated indicator shall be visible through a viewing pane or by
opening a door when the isolating gap is open. The mechanical operator shall be actuated by the
movement of the actual isolating switch assembly, the shutter of a drawout assembly, or the like. The
action of the mechanical indicator shall not be dependent on the movement of the operating handle or
mechanism alone.
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Isolating and load-break switches other than those described in Clause 5.202.2(c) shall have an
observation window (or windows) through which the isolating distance is visible.

An isolating means operator system shall provide indication of “Open” and “Closed” position via one or
more of the following means; color coding (red — closed, black or green — open), words (“OPEN,” "ON,”
“CLOSED,” “OFF”) or symbols (See Figure 3).

5.12.202 Marking of open and close method

The action required to open or close the isolating means shall be clearly indicated.

5.12.203 Grounding switch — position indication

Grounding switches shall provide visual indication of their position. If the contact positions hot visible, the
switch shall e provided with mechanical position indicators indicating the fully, closed and fully open
positions.

The contacts pr indicators shall be visible through a viewing pane or by opening a door when the isolating
means of the| controller is open. If the indication is provided via a mec¢hanical operator, the mechanical
operator shal| be actuated by the movement of the actual grounding switch assembly. The action of the
mechanical ifdicator shall not be dependent on the movement<of‘an operating handle pr mechanism
alone.

A grounding pwitch operator system shall provide indication of “Open” and “Grounded” |(or “Earthed”)
position.

5.13 Degreg¢s of protection (optional)

Degrees of protection according to Annex A; Item 12, may be specified for enclosures| of controllers
containing live parts. If degree of protection is assigned, it shall be IP-2X or better. The gnclosure shall
comply with Qlause 5.102.204.

NOTE: The degr¢es of protection can be.different for other conditions such as maintenance, testing, etc.
5.14 Spacings

5.14.201 General

The electrical|through-air and over-surface spacings shall be not less than those indicated in Table 5.

The spacings indicated for control circuits in Table 5 are applicable between live parts of control circuit
components and grounded metal and to live parts of other control circuit components.

The spacings in a component device (such as a snap-switch, lampholder, and the like) supplied as part of
industrial control equipment, other than in motor circuits, shall not be less than the minimum spacings
required for the component device or the spacings indicated in Table 5, whichever are smaller.

The spacings at a field-wiring terminal shall be measured with wire of the appropriate size connected to
the terminal as in actual service. The connected wire shall be the next larger size than would be required
for the rating except that the required wire size shall be used if:

a) the terminal will not accept the larger size; or
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b) the device is marked to restrict the use of oversized conductors.

The spacings at fuses and fuseholders, measured with the fuses in place, shall be based on the use of
fuses having maximum standard dimensions and shall not be less than the spacings indicated in Table 5.
Where the fuseholder construction permits a fuse to be partially inserted and remain in that position,
spacings shall be measured with the fuse in the partially inserted position as well as in the fully inserted
position.

An uninsulated live part, including a terminal, shall be so secured to its supporting surface by a method
other than friction between surfaces that it will be kept from turning or shifting in position if such motion
might result in reduction of spacings to less than those required elsewhere in this standard. The security of
a contact assembly shall provide for the continued alignment of contacts.

A pressure telminal connector that is intended for field connection, and that is not capable
conductor larger than 3/0 AWG (85.0 mm?), need not be prevented from turning provided no
than those required result when the connectors are turned 30 degrees toward each other, o
uninsulated p3rts of opposite polarity, or toward grounded metal parts.

of receiving a
spacings less
r toward other

5.14.202 Sp

Any conducti

cings with ceramic coatings

e part with ceramic, vitreous-enamel coating shall‘be considered uninst

purpose of determining compliance with the spacing requirements§/of'this standard.

lated for the

Enamel-insulated and similar film-insulated wire shall be considered to be the same as an ufinsulated live

part in determ
5.14.203 Co

5.14.203.1 A
measuring sp
voltage involv

5.14.203.2 A
1 500 volts or
parts of oppos
live parts and

a) not |

ning compliance of a device with the spacing-requirements in this standard.
hsiderations for circuits 1 500 V or léss to ground

n insulated low-voltage conductor shall be considered uninsulated for th
cings to uninsulated high. voltage parts, unless the insulation is acceptable
d.

n insulating barrietor liner used as the sole separation between uninsulate
less and grounded’dead metal parts (including the enclosure), or between ur
ite polarity, shall’be of material of a type that is acceptable for the mounting
Ehall be:

bss than0.66 mm (0.025 in) thick;

e purpose of
for the higher

J live parts of
insulated live
bf uninsulated

b) less

than 0.66 mm (0.025 in) thick if used as the sole separation between the enc

osure and an

uninsul

ated metal part electrically connected to a grounded circuit conductor; or

c) less than 0.66 mm (0.025 in) thick if, upon investigation, it is found to be acceptable as an

insulati

ng barrier in accordance with Annex A, Item 4.

5.14.203.3 An insulating barrier or liner used in addition to an air space in place of the required spacing
through air shall not be less than 0.66 mm (0.025 in) thick. If the barrier or liner is a fiber material, the air
space shall not be less than 0.8 mm (0.032 in), and if the barrier or liner is of other material of a type that is
not acceptable for the support of uninsulated live parts, the air space provided shall be such that upon
investigation it is found to be acceptable as an insulating barrier in accordance with Annex A, Item 4.

5.14.203.4 Except as provided in Annex A, ltem 4, a barrier or liner used in addition to not less than one
half the required spacing through air may be less than 0.66 mm (0.025 in) thick but shall not be less than
0.33 mm (0.013 in) thick, provided that the barrier or liner is of a material that is acceptable for the
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mounting of uninsulated live parts; of necessary mechanical strength if exposed or otherwise likely to be
subjected to mechanical damage; effectively held in place, and so located that it will not be affected
adversely by operation of the equipment in service.

5.14.203.5 Spacing on printed wiring assemblies operating entirely at 150 V or less to ground shall be in
accordance with the spacing requirements as provided in Annex A, item 4.

5.15 Gas and vacuum tightness

[Vacant]

5.16 Liquid tightness

[Vacant]
5.17 Flammability

Insulating materials shall be rated HB minimum. See Annex A, Item 23
5.18 Electr¢magnetic compatibility

[Vacant]
5.19 X-ray émission

Devices incofporating vacuum interrupters shall be' marked to warn of possible X-ray ¢mission. This
marking may [appear on the device or on the intérrupter itself. Instruction manuals for such devices shall
include information regarding X-ray emission, Reference Annex A, Item 17.

5.101 Types of relay or release
[Vacant]
5.102 Enclqgsures

5.102.201 Requirements in other standards

In addition to fhefollowing, the enclosure construction requirements of Annex A, ltem 6, apply. If there is a
conflict betweermrtheTequirementsimthis standard-amdAnmex A, e 6, the tequirements i this standard

apply.

5.102.202 General requirements

Enclosures shall be metallic and built to the requirements of Annex A, ltem 6. External parts of the
controller may be of insulating material, provided that medium-voltage parts are completely enclosed by
grounded metallic partitions or grounded shutters. These metallic partitions or shutters shall meet the
thickness requirements of Annex A, Item 6. Excepted are inspection windows complying with Clause
5.102.205. The enclosure shall comply with the rod entry test of Clause 6.207.

A nonmetallic plug or other closure assembled as part of the enclosure shall be considered acceptable if
evaluated in accordance with Annex A, Item 6.
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Enclosures shall be supplied with a bottom plate unless marked in accordance with Clause 5.10.204(1).

5.102.203 Control centers

Control centers shall be substantially complete when shipped by the manufacturer with necessary bus
splices, instructions, and hardware for field connecting to provide a completed control center.

A control center may be provided with compartments for field addition of controllers or other components,
in which case, provisions shall be made in the design of the vertical sections and compartments to
facilitate proper field installation.

Single vertic

sections and vertical sections shipped assembled together shall be designed with

provisions for
5.102.204 E

A part of the €
locks, interloch

If bare live pants are exposed by the opening of such doors or covers;,means requiring the u

open them or
operating abo
provided in ac

Doors shall bg
multiples so ag
hinged side sH
more separate

Doors of compartments containing mediumsvoltage components that can be opened withod

tool other than

A door of a cq
when all the fg

a) the g

b) the ¢

ifting, handling, storage, and installation. See Annex A, ltem 9, for additional;in
kterior doors, covers, and similar parts of enclosures

nclosure, such as a door, a cover, or a tank, shall be provided with’means, su
s, or screws, for firmly securing it in place.

provision for locking them shall be provided to sectre them in the closed po
e 600 V are exposed by the opening of covers.oridoors, a warning marking
cordance with Clause 5.10.204(a).

provided with a latch or with a captive fastener. Such fasteners shall be loca
to hold the cover closed over its entiredength. A door more than 1 220 mm (4
all have at least a two-point latch opgrated by a single knob or handle, or shg
latches or captive fasteners.

a key shall be mechanically interlocked in accordance with Clause 5.11.203.

mpartment containing medium-voltage components need not be mechanica
llowing conditions-are met:

oor is not.provided with handles or latches;

oor is.bolted on all unhinged sides with a minimum of two bolts per side;

wiathart tha

o

formation.

ch as latches,

se of a tool to
sition. If parts
shall also be

ted or used in
ft) long on the
Il have two or

t the use of a

ly interlocked

c)nob

£
T

a-ofataal:
Wit oot arc oS OT o tOUT,

d) all bolts are captive fasteners;

e) the door does not provide access to withdrawable elements or fuses; and

f) the door is marked in accordance with Clause 5.10.204(m

).

Covers of compartments containing medium-voltage components shall be bolted closed.

Where a door must be opened for maintenance of equipment or removal of drawout elements, low-voltage
energized uninsulated live parts mounted on the door shall be effectively guarded or enclosed, to provide

protection aga

inst unintentional contact.

All doors shall be capable of being opened to a minimum of 90 degrees from the closed position.
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Low-voltage compartments required to be opened during normal operation, thus exposing bare live parts,

shall have:

a) doors hinged such that the door will not come off inadvertently, and

b) barriers installed to prevent inadvertent contact with bare live parts during normal operation.

NOTE: The replacement of fuses is not considered a normal operation with respect to controllers, but the resetting of

overload devices, repeated adjustment of timers or switches, etc., are considered normal operations.

5.102.205 Inspection windows and viewing panes

A transparen

material coverina an observation onenina and formina a part of the enclosure
J L ~J J Ll

shall:

a) be
with re

Of clear safety-type glass or wire-reinforced glass or another clear material
spect to flammability and UV resistance in accordance with Annex A, ltem 8;
b) be gecured in such a manner that it cannot be removed without tools; and

c) megt the requirements of impact and pressure tests for viewing panes specified in

5.102.206 ntilating openings, vent outlets (openings in enclosures)

Ventilation openings, including perforations, louvers, and openings protected by means of v
expanded metal, or a perforated cover, shall comply with the'rod entry test specified in Claug

Barriers shall|be provided behind all ventilating openings into medium-voltage compartmen
shall be effecively secured in place and shall prevent drawing a straight line from any po
enclosure to any medium voltage live part, including insulated parts such as cables (othern
cables).

The diameter|of the wires of a screenshall be not less than 1.3 mm (0.050 in) if the screer
320 mm? (0.497 in?) or less in area, and shall be not less than 2.06 mm (0.081 in) for
openings.

Perforated sheet steel andisheet steel employed for expanded metal mesh shall be not less
(0.042 in) thi

than 2.03 mm| (0.080in) thick for larger openings.

5.102.207 PHrotection against corrosion

found suitable

Clause 6.204.

vire screening,
e 6.207.

ts. The barrier
nt outside the
than shielded

openings are
larger screen

than 1.07 mm

for mesh-openings or perforations 320 mm? (0.497 in?) or less in area, and shall be not less

Enclosures shall be designed so that aluminum will not contact a concrete mounting pad when installed in

accordance with the manufacturer’s instructions.
Ferrous metals shall be suitably protected against corrosion as required by Annex A, Item 6.

5.102.208 External operating handles and control devices

Control, instrument, switch, and operator handles or external handles and pushbuttons shall be located in

accordance with the following:

a) Pushbuttons, control switch handles, and transfer switch handles shall be located in a readily

accessible location at an elevation above the mounting surface not in excess of 2 m (

79in).
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b) Operating handles requiring more than 222 N (50 Ibf) to operate shall not be higher than 1.7 m
(66 in) in either the open or closed position.

c) Operating handles for infrequently operated devices, such as reset devices, drawout fuses,
fused voltage transformer or CPT primary disconnects, and bus transfer switches, need not comply
with Items (a) and (b) above.

In determining compliance with these requirements, measurements shall be made from the mounting
surface to the center of the handle grip with the handle in its highest possible position. If the handle grip is
not clearly defined, the center of the handle grip shall be considered to be at a point 76 mm (3 in) in from
the end of the handle.

If the mechani
permit sudden
shall be guard

5.102.209 B

When access
be provided to|

a) preV|

b) prevj

M Of a switching
movement of an operating handle, the motion of the handle shall be restricted
d.

rriers

is required to a compartment that contains energized medium-voltage parts,

ent unintentional contact with energized parts;

ent tools or other equipment from being dropped.on energized parts; and

c) protect against contact with live parts of adjaceqtfunctional units.

Any barrier infended to be removed during routinemaintenance or servicing (such as barrig

be removed fa
Clause 5.10.2

5.102.210 O

The following

r replacement of fuses or the examination of contacts) shall be marked in ac
D4(h).

utdoor enclosure considéerations

equirements shallapply:

ng device will
or the handle

barriers shall

rs required to
cordance with

provided with

I described in

a) Extdrnal hinged«doors or covers for equipment intended for use outdoors shall be
stops tp hold themin the open position.

b) An ¢nclosure intended for use outdoors shall be subjected to the driven rain tes|
Clause|6.203.

c) Enclosures intended for outdoor use shall have provisions for locking to prevent access to
medium-voltage compartments.

d) Consideration should be given to prevention of condensation and entry of snakes, rodents, etc.

5.201

5.201.1 Mec

Latched controllers

hanical release

A latched controller shall be provided with an externally operated manual release of the latching
mechanism for each latched contactor. Control power shall not be required to open the contactor when
using the external manual release. The manual release operator shall be clearly marked as specified in
Clause 5.10.204(b).
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5.201.2 Electrical release

When protective relay tripping or remote control is required, an electrically operated release means shall
be provided in addition to the mechanical release means.

5.201.3 Stored-energy electrical release

When electrical release is required during an undervoltage condition that is below the operating range of
the electrical release means, a stored-energy source shall be provided, for example, a capacitor trip
device or alternate control power supply (such as connection to system battery or other emergency
source).

5202 Power circuit isolating means
5.202.1 Isolating means — general requirements
The power cirguit isolating means shall:

a) be externally-operable gang-operated;

b) provide the isolating distance of the controller complying with the requirements of Clauses
6.2.20{1 and 6.2.202;

c¢) inclpde position indication in accordance with Clause 5.12.201 that verifies thgt the isolating
distan¢e has been established,;

d) be gapable of interrupting the no-load current of the CPT supplied with the controll¢r;

e) be fapable of interrupting the full-lead current of the CPT supplied with the coftroller, unless
interlogking with the secondary load circuits is provided in accordance with Clause 5./11.201;

f) have provision for being padlocked in the open position;
g) be ipterlocked in accordance with Clause 5.11; and

h) be grranged so that gravity will not cause movement towards the closed position.
5.202.2 Types of isolating means

The isolating means may be any one of the following:

a) a three-pole switch;
b) a three-pole switch in mechanical combination with medium-voltage fuses; or

c¢) a drawout assembly, which in some cases can include medium-voltage fuses or contactor.
5.202.3 Operation of isolating means
The isolating means shall be:

a) arranged to be operated from a location where the operator is not exposed to energized parts;

b) arranged to open all ungrounded conductors of the main circuit simultaneously with one
operation; and


https://ulnorm.com/api/?name=UL 347 2025.pdf

52 NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347 FEBRUARY 3, 2025
c) interlocked with the high voltage door in accordance with Clause 5.11.203(a).
5.202.4 Isolating means connections

All switch blades shall be de-energized when the switch is in the open position, unless a switch is required

to be energize

d from both sides (e.g., bus-tie and loop-sectionalizing), in which case:

a) Barriers or enclosures shall be installed over the switches for protection against contact with the
energized switch blades; and

b) The

switch is marked in accordance with Clause 5.10.204(p).

5.202.5 IsolJlting means

Isolating switq
prevent loss o

5.202.6
Controllers sh
voltage fuses
any live parts
connected, fug

5.203 Equip|

Medium-voltag

a) Under-voltage protection or under-voltage release (two-wire control), excep

contac

b) Con

Isolation of fuses

contact pressure and misalignment.

all be arranged such that when the medium-voltage isolating means is ope

The electrical arrangement of a single-throw switch shall be such that, v
e terminals will be de-energized when the switchcontacts are open.

ment protection

e Class E controllers shall be provided with the following protective features:

ors in special applications of_solid state resistive load controllers.
rollers shall be provided with overcurrent protection as follows:

i) Motor controllers shall be provided with an overload current-sensing ds
phase. Overload/current-sensing devices shall be arranged to open the conta
also enerdize® a signal device. Motor controllers shall be provided with
overcurrent protection, ground fault protection, and motor running overlo
where required by Annex A, Item 1. Overload relays shall conform to the re
Anhex A, ltem 4.

hes shall incorporate locking-type hardware, spring washers, or eguivalgnt means to

h all medium-

will be readily accessible, so that they may be replaced without a person being exposed to

vhen properly

t for latched

bvice in each
ctor and may
motor circuit
ad protection
quirements of

ii) The fuses used in transformer and resistive load controllers shall be selected to provide
branch circuit overcurrent protection and ground fault protection as required by Annex A,

Item 1. Ground fault protection shall also be provided as required by Annex A,

item 1.

c) For motor controllers in Mexico and the United States, if allowed by local installation codes,
when a motor is vital to the operation of a plant, and the motor and motor controller should operate
to failure if necessary to prevent a greater hazard to persons, the sensing device(s) may be
connected to a supervised annunciator or alarm instead of interrupting the motor circuit. The

control

ler shall be marked in accordance with Clause 5.10.204(j).

NOTE: See Annex A, Item 10.

d) Except as permitted in Clause 5.203(e), an overload relay or any other protective or sensing
device that is intended to interrupt the continuous operation of the load shall not automatically reset

after tri

pping.


https://ulnorm.com/api/?name=UL 347 2025.pdf

FEBRUARY 3, 2025 NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347 53

e) An overload relay and the like may automatically reset after tripping, provided that:
i) a manual operation is required to close the motor circuit; or

ii) for an automatic reset overload relay, if the wiring diagram indicates two-wire control, the
motor controller is marked in accordance with Clause 5.10.204(k).

f) For Class E1 controllers, instantaneous-fault overcurrent protection shall also be provided in
each ungrounded conductor of the main circuit, and shall be arranged to open the contactor.
Instantaneous fault interrupting devices shall not automatically reclose after a fault-interrupting
(short-circuit) operation.

g) For Class E2 controllers, power circuit fuses shall be provided for interrupting faults exceeding
operating and overload currents.

h) Prin
isolate
contro

hary overcurrent protection shall be provided for CPTs. The transformer.secondary shall be
d from the primary and provided with an overcurrent device in each ungrounded leg to which
circuit devices, e.g., pushbuttons, limit switches, etc., are connected.

i) Prin b transformers

where

ary overcurrent protection of no more than 3 A shall be provided for voltag
such transformers are supplied.

j) Red
with o

iced-voltage solid state controllers and solid state resistive load controllers sh
pben-phase protection. The open-phase protective device shall operate upon Io
a halfjwave condition in one or more conductors of\a polyphase output circuit,
maintgin the interruption of power in all of the “ungrounded conductors of th
requirgment to protect against a half wave condition does not apply to solid state
controllers.

all be provided
ss of power or
to cause and
e circuit. The
resistive load

llers shall be
rcuit to detect
ductors of the

k) Refluced-voltage solid state controllers” and solid state resistive load contrg
provided with thermal sensors for solidystate devices in each phase of the main ¢
over t¢mperature conditions and operate to de-energize all of the ungrounded con

main
higheg
demor

Circuit by electrically opening a mechanical switching device. The heat sin
t temperature rise of \any heat sink in the complete assembly for ea
strated during the temperature rise test of Clause 6.5.5.201.3, shall be p

that has the
ch phase, as
ovided with a

thermal sensor. During/the*temperature test, the temperature of all heat sinks adjacent to each

power[semiconductor/in,the main circuit shall be measured.

I) Red
with tH
circuit

bll be provided
b-energize the

iced-voltage solid state controllers and solid state resistive load controllers sh
e circuitry*to detect shorted switching elements. This circuitry shall either d
or pravide a visible alarm.

m) Re llers shall be
provided with an electromechanical contactor which opens the main circuit when the controller is in
the "off" or "stopped" position.

dllrnd_\/nlfqu saolid_state controllers _and salid-state resistive load contrd

n) Printed circuit board assemblies, such as gate drive boards, which are electrically connected to
solid state switching devices operating at or near line potential, shall be treated as medium voltage
circuits, and shall be electrically isolated from low voltage devices and wiring through the use of
isolation transformers, voltage dividers, or fiber optic signaling.

o) Voltage dividers, if used, shall comply with Annex E. Devices connected to the low voltage
section of voltage dividers shall be considered as isolated from the main circuit.

p) If the wiring diagram of a controller indicates that one side of the control circuit is, or may be
grounded, the control circuit shall be so arranged that an unintentional ground in the remote control
device circuit will not cause the controller to energize the load.
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q) All devices operating at 1500 V or less to ground shall be electrically isolated

from devices

operating at voltages above 1500 V through the use of isolation transformers, voltage dividers, or

fiber optic signaling.
5.204 Service equipment
5.204.1

Service equipment (Mexico and the United States only)

5.204.1.1 General

A medium-voltage control assembly intended for use as service equipment shall be provided with barriers

such that no upin including busbars or terminals_on the line side

disconnect is|exposed to inadvertent contact by persons or maintenance equipmentiw
terminations gqr other equipment on the load side of the service disconnect. See Clause
guarding against inadvertent contact.

Additionally, tHe service equipment shall comply with Clauses 5.204.1.2 to 5.204.1.7.

5.204.1.2 Sdrvice disconnecting means
The following fequirements shall apply:

a) Equipment marked for service equipment use shall-be provided with disconnecting
ungrounded service conductors. This may be proyvided by up to six separate servi

of the service
hile servicing
5.204.1.6 for

means for all
e disconnect

switchgs. When more than one service disconnéct is provided, each service discomnect shall be

located in a separate compartment. Each:service disconnect switch shall d
ungrounded service conductors of the circuitdwhich it controls.

b) In determining the allowable number of disconnects, a device used solely for
power-monitoring equipment, surge:protective devices, or the control circuit of a pq
servicg disconnecting means, including a ground fault protection system, shall not bg
servicg disconnecting means.

c) In ajgroup of sections having a main service disconnect, only the main section or
shall b¢ marked for service equipment use.

d) The| service_diseonnecting means shall be a manually operated means or a pq
means|that can_be opened by hand in the event of a power supply failure.

e) The|contacts of the service disconnect shall provide visible evidence of an isolatin

isconnect all

disconnecting
wer-operable
considered a

compartment

wer-operated

g gap. Where

the corita O e service disco 3 ot visible(su IS WIeTT a1 oit, vacuu

1, or gas-filled

interrupter serves as the disconnecting means), one of the following additional visible means of

isolation shall be provided:

i) an isolating switch with visible break contacts shall be provided on the supply side of the

service disconnect; or

ii) the service disconnect shall be mounted on a removable truck that cannot be moved

unless the service disconnect is open, and all energized parts are
disconnected when the truck is moved from the normal operating position.

f) The service disconnect shall be provided with a means for readily connecting
conductors to ground when disconnected from the source of supply.

g) The service disconnecting means shall have a fault closing rating not less than th

automatically

the load side

e short-circuit

withstand rating of the equipment. Where fused switches or separately mounted fuses are
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installed, the fuse characteristics may contribute to the fault-closing rating of the disconnecting
means.

h) Service disconnects for fire pump equipment shall not be located in multi-section equipment with
other service disconnects.

i) Only the following equipment may be connected to the supply side of the service disconnect
means:

5.204.1.3 G

The following

i) instrument transformers (current and voltage);

ii) surge arresters;

i) control circuits 1or power-operable service disconnectng means, it suita
protection and disconnecting means are provided; and

iv) ground fault protection systems, if suitable overcurrent protegtion” and
means are provided.

rounding and bonding of neutral circuits

requirements shall apply:

a) Equipment marked for service equipment use shall be provided with a groun
condugtor terminal and a main bonding jumper.

b) In jmulti-section equipment, the main bonding jumper and grounding electrd
terminpl for each service shall be locatedwin the section where the service c
terminpted.

c) In
may b

ulti-section equipment, means.for disconnecting the neutral from the servi
located in only one sectionif it disconnects all the outgoing neutral condu

sections from the service conductors. The neutral disconnecting means need not |

sectio

d)Ag
the se
conne
protec]

5.20414 O

marked for service equipment use.

round bus shall be‘provided. For multi-section equipment, this ground bus sh
ction where the. service conductors are terminated. The ground bus shall hav
ction of service cable shields. Provision for connection of safety grounds
lion shallbg&-included.

vercurrent protection

le overcurrent

disconnecting

ding electrode

de conductor
bnductors are

ce conductors
ctors in all the
e located in a

all extend into
e provision for
for personnel

The following

requirements shall apply:

a) Each ungrounded service conductor shall have overload protection.

b) The service overcurrent device shall be an integral part of the service disconnecting means or
be located immediately adjacent thereto.

5.204.1.5 Ground fault protection

Ground fault protection is not required. However, if provided, it shall comply with the following:

a) The ground fault protection system shall open all ungrounded conductors of the faulted circuit.

b) The

maximum setting of the ground fault protection shall be 1 200 A.
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¢) The maximum time delay shall be 1 s for ground fault currents equal to or greater than 3 000 A.

d) Equipment shall be provided with instructions for field testing of the ground fault protection
system.

5.204.1.6 Exposure to inadvertent contact

Exposure to inadvertent contact is determined by use of the probe illustrated in Figure 10. If restriction to
the line-side of the service disconnect is dependent on the installation of field installed service conductors,
conductors sized in accordance with Table 7 shall be installed in the terminals when determining exposure
to inadvertent contact. All live parts of the line side service terminal, including the connector body and
pressure screw shall be evaluated.

5.204.1.6.1 etal barriers provided to limit exposure to inadvertent contact shall:

a) have a thickness not less than 0.81 mm (0.032 in) if uncoated, not less than0.86 mm (0.034 in)
if galvanized, and not less than 1.27 mm (0.050 in) if aluminum; and

b) be donstructed so that it can be readily removed or repositioned,»and then re-insfalled, without
the likelihood of contacting bare live parts or damage the insulation of any insulated live part.

Factory installed barriers that limit access to factory installed-wiring and termingtions are not
required to be constructed so that they can be removed or repositioned.
5.204.1.6.2 Nonmetallic barriers provided to limit exposure, to\inadvertent contact shall:

a) comply with requirements for barriers used in:conjunction with a minimum air spage of 0.33 mm
(0.013}n); and

b) be donstructed so that it can be readily.removed or repositioned, and then re-instglled, to allow
access| to the terminal for servicing. Ractory installed barriers that limit access to fagtory installed
wiring fand terminations are not reguired to be constructed so that they can bg removed or
repositloned.

Equipment marked “Suitable for use as service equipment” shall be permitted to provide the protection
from inadvertent contact in a field jnstallable kit.

5.204.1.7 Marking

Marking for service«ehirance equipment shall be in accordance with Clause 5.10.205.1.

5.204.2 ServiceeguipmentforuseinGanada

5.204.2.1 General

A medium-voltage control assembly intended for use as service equipment shall comply with Clauses
5.204.2.2 t0 5.204.2.4 and the requirements of Annex A, Item 3.

5.204.2.2 Service disconnecting means
The following shall apply:

a) Service disconnecting means shall have provisions for the connection of 6 AWG (13.3 mm?) or
larger copper conductors.
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b) Service disconnecting means shall have a single, load-rated, manually operable service-
disconnecting switch complying with Annex A, Item 20, that opens all ungrounded conductors.

¢) The service-disconnecting means and its associated overcurrent devices shall be located in a
separate, metal compartment(s). If there are two or more doors or covers for the service
compartment(s), they shall be interlocked to prevent access to energized parts. See Clause
5.11.203.

d) Associated equipment that must, by its operation, be connected to the line side of the main full-
load interrupter switch or circuit breaker, such as phase-failure/phase reversal relays, shall be
protected by overcurrent devices having the same interrupting ability as the main overcurrent
device. There shall be a means for disconnecting the circuits ahead of these overcurrent devices.

e) Incoming service conductors shall be capable of being connected to the line sidle of the main
switch|or circuit breaker without passing through compartments or raceways containing conductors
connefted to the load side of the main switch or circuit breaker.

f) There shall be provision for locking and sealing the service-disconnecting full-lgad interrupter
switch|or circuit breaker compartment to prevent access by unauthorized persons.

g) A cpmpartment provided for supply authority (utility) use shallbe lockable or have provision for
sealing, and shall be marked as specified in Clause 5.10.2052(a){ii).

5.204.2.3 Gfounding and bonding of neutral circuits
The following|requirements shall apply:

a) Equipment involving a solidly grounded-tnieutral shall be provided with a neytral assembly
locatedl within the service-disconnecting compartment. The neutral assembly shall bg provided with
an ad¢quate number of suitable pressare-terminal connectors, clamps, or other approved means
for connecting the following:

i) incoming (grounded) fieutral conductor;

ii) corresponding outgoing (load) neutral conductor, if any;
iii) service-grounding conductor;

iv) bondingconductor to the enclosure (removable);

v) bonding conductor to the service conduit (or equivalent); and

vi)y bonding conductorsto the service cable shietds:

b) The connection means for the neutral assembly shall be grouped together and shall utilize
pressure-type wire connectors for all field-made terminations. Terminal sizes shall be determined in
accordance with Tables 16, 17, 18, and 51 of Annex A, Item 1, of the Canada column, as
applicable.

c) The neutral assembly described above shall be insulated from the enclosure, bonded to the
enclosure before shipment, and marked in accordance with Clause 5.10.205.2(b).

5.204.2.4 Marking

Marking for service entrance equipment shall be in accordance with Clause 5.10.205.2.


https://ulnorm.com/api/?name=UL 347 2025.pdf

58 NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347 FEBRUARY 3, 2025

5.205 Internal wiring
5.205.1 Conductors

5.205.1.1 Insulated conductors shall be suitable for the service intended with respect to voltage,
temperature, and grouping. Conductors shall be not smaller than 24 AWG (0.205 mm?), and the
temperature rating shall be not less than 90°C unless shown suitable with appropriate temperature rise
testing.

NOTE 1: These requirements apply only to the wiring furnished on or in controllers as a part of the equipment. They do not apply to
the supply wiring run to control equipment, to loads, or to other apparatus.

NOTE 2: For motpr TOI-CiTcul ications, USe of Table er with 1aple uide 1 ng the conductor
sizes will in somg cases obviate the need to perform a temperature test on the wire. Conductor sizes for othén applications are

5.205.1.2 Cqgnductors smaller than 24 AWG (0.205 mm?) may be used for wiring,of printed|circuit boards
and interconngcting wiring between electronic modules and subassemblies.

Conductors in|sizes 1/0 AWG (53.5 mm?) and larger may be run in parallél if the arrangement is such as to
provide equal fivision of total current among all conductors involved.

5.205.1.3 Cqgnductors in an assembly intended for use in a complete enclosure shall be ingulated for the
highest voltage normally occurring between such conductors unless wires are grouped so as to segregate
the several voltages.

Wires shall bg of multi-stranded, flexible, or extra-flexible construction where they make connection to
electrical equipment mounted on a hinged door. {fcthe flexing section of the wiring is liabjle to come in
contact with grounded metal parts, that portion of the wiring shall be given additional protection with
wrappings of tape or the equivalent or enclosedin nonmetallic flexible tubing or conduit.

5.205.1.4 Ingulated grounding and bonding conductors shall be identified by the color green with or
without one or more yellow stripes. other conductors shall be so identified. For cables |that have an
insulation coldr other than indicated, identification may take the form of paint, tape, or other permanent
marking at eag¢h end of the conductor. No other conductors shall be so identified.

5.205.2 Support for internal wiring

Internal wiring|shall be supported or secured so as not to come in contact with:

a) bare live parts of opposite polarity;
b) bare live parts of other circuits;
c) sharp or abrasive surfaces;

d) heat-producing components such as transformers, power resistors, fuse bodies, semiconductor
devices, etc.; or

€) moving parts.

A bare conductor, including pigtails and coil leads, shall be supported so that the spacings required
elsewhere in this standard will be maintained, unless covered by suitable insulating sleeving or tubing.
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5.205.3 Routing through a metal barrier

A hole through which insulated wires pass in a sheet metal barrier 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 may bear, to reduce the risk of abrasion of the insulation.

If conductors greater than 10 AWG (5.26 mm?) of an alternating-current circuit pass through a wall or
partition of metal having magnetic properties, all of the conductors of the circuit, including the neutral, shall
be run through the same opening. The conductors may pass through individual openings in a wall or

partition of metal having magnetic properties if:

a) the

b) dur
condu
openir]
the co
materi

5.205.4 EqU

5.2054.1 F

openings are connected by slots cut in the metal wall; or

ng the temperature test, temperatures are recorded on interposed metal to
gs in an insulating block used to cover an opening in the metal wall, sufficien

bl between the conductors. See Figure 9.

ipment above 7200 V

ctor insulation is not adversely affected. The conductors may be run-thro

hductors of the circuit if no metal bracket, brace, or the like, is placed across

r equipment operating above 7200 V, instruments, meters, relays, secq

Hetermine that
ugh individual
tly large for all
the insulating

ndary control

devices, and their wiring shall be isolated by grounded metal barriers from the primary cifcuit elements,

with the excgption of short lengths of wire such as at insttument transformer terminals 3

disconnecting devices.

5.205.4.2 The requirements of Clause 5.205.4.1.do not apply to printed circuit board as{
poards, which are located in the same high voltage compartment as the device
and are electrically connected to solid state.Switching devices operating at or near line g

as gate drive

devices shall

5.206 Term

comply with 5.203(m).

nals and connections

5.206.1 Terminal current carrying capability

Except as pr
connection of

a) The

pvided fop~by* Clause 5.3.207, controllers shall be provided with wiring ter|
condugtors having a current carrying capability not less than the larger of the f

continuous current rating of the device;

nd secondary

emblies, such
s they control,
otential. Such

minals for the
bllowing:

b) 125

% of the full-load motor-running current specified for the horsepower rating;

c) 125% of the rated current for resistive heating equipment;

d) 125

% of the rated primary current for transformers; or

e) 135% of the nominal capacitive current rating for devices intended to switch capacitors for power
factor correction.

5.206.2 Wiring terminals

5.206.2.1
following:

Terminal parts for field-wiring connections of low voltage conductors shall conform to the
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a) Ferrous binding head screws, bolts, studs, nuts, and washers may be used if suitably protected
with a plating of zinc or equivalent material having a thickness not less than 0.005 mm (0.0002 in).

b) For a 10 AWG (5.26 mm?) or smaller conductor, the terminal to which wiring connections are
made may consist of clamps or binding screws with a terminal plate having upturned lugs or the
equivalent to hold the wires in position.

¢) A wire-binding screw to which field-wiring connections are made shall be not smaller than No. 8
(4 mm dia.), except that a No. 5 (3 mm dia.) screw may be used at a terminal intended only for
connection of a 14 AWG(2.08 mm?) or smaller conductor, and a No. 6 (3.5 mm dia.) screw may be
used at a terminal intended only for connection of a 12 AWG (3.31 mm?) or smaller conductor.

heraauirements of Annex- A lHem 5 alco-annl
For Canada, the+reguirements-of- Annex-Altem-balso-apphy-

5.206.2.2 Tefminals for field connection of medium voltage conductors shall conform\té gny one of the
following:

a) Bus pars provided with hole patterns meeting the requirements of NEMA CCH1;

b) Conpectors complying with Annex A, Item 27, rated for the conduetor size required based on the
ampacity required by Clause 5.206.1; or

c) Provisions for the use of connector kits as described in Clause 5.3.207.
5.206.3 Terminal plates

A terminal plate tapped for a wire-binding screw shall be*of metal not less than 0.75 mm (0.080 in) thick for
a 14 AWG (2.08 mm?) or smaller wire, and not lessthan 1.25 mm (0.050 in) thick for a wire |arger than 14
AWG (2.08 mm?). There shall be not fewer than two full threads in the plate. Two full threads shall not be
required if fewpr threads result in a secure connéction in which the threads will not strip upon|application of
a 2.3 N-m (1.7]Ibf-ft) tightening torque.

A terminal pla(lle formed from stock having the minimum required thickness specified above [may have the
metal extruded at the tapped hole.for. the binding screw to provide two full threads.

5.207 Bus bpr connections
Field connectipns for control centers may be made with bus bars as follows:

a) The control center enclosures shall be provided with a covered access opehning allowing

S ff'Ci + A ta malen tha A At ANC
u I 1 TCTUUTTT U TTITAONG UT1e UuUTimioUuvuIrto.

b) The bus bars shall be plated with silver, tin, or the like over the intended area of connection
between bus bars and splices. Splice conductors shall be sized based upon power bus ampacity
and short-circuit requirements.

c) Necessary hardware to perform field splicing and directions for the intended means of
connection shall be provided in accordance with Clause 5.102.203.

5.208 Connector and grounding kits

The wire connector kits, bus connector kits, and grounding kits (in the form of either individual terminals or
an assembly) shall be constructed so that:

a) installation can be easily accomplished without the use of special tools;
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b) live

parts are suitably supported after being assembled;

c) reliable connections to terminal pads will be afforded;

d) the grounding terminal means are readily accessible when the controller is mounted as in

service

, and are not connected directly to a neutral (when provided);

e) each kit can be installed without disassembly of factory-assembled parts (other than those parts
normally disassembled for installation and wiring);

f) with
g)itis

5.209 Insul

the kit installed, spacings will be maintained; and

marked in accordance with Clause 5.10.204(v).

Lting material

Material for thhe support of an uninsulated live part shall be porcelain, glass palyester, or

found accept
severe condit

Insulating ma

Insulating ma

A, without per

ons likely to be met in service.

e of the arc formed by the opening of a switch, shall be'Suitable for the particul

forming a complete series of conformance tests'on the equipment.

bble for the support of an uninsulated live part. These materials\shall withs

terial, including barriers between parts of opposite polarity’)and material that n
to the influeng

other material
tand the most

hay be subject
ar application.

erial for above applications, may be substituted:as permitted by Annex A, Itenp 26, Appendix

5.210 Wire-pending space for field-installed conductors
5.210.1 Where field connections are to be made'to circuits rated above 1500 V, wire bendihg space shall
be such that, fluring installation, field-installed.conductors need not be bent to a radius less than:
a) 8 times the overall diameter fornon-shielded conductors; or
b) 12 tjmes the overall diameter for shielded or lead-covered conductors.
Construction ghall take into actount the type and maximum size of wire, optional use of stress cones for

field terminati

5.210.2 Wh

larger than 1(

4.

5.211

Field-

bns, and other'instructions provided in accordance with Clause 5.10.206.

bre field-connections are to be made to circuits rated 1500 V and below usi
AWG' (5.26 mm?), wire bending space shall be provided in accordance with

ng conductors
Annex A, item

installed accessories (kits)

This clause applies to accessories (kits) designed for field installation in medium-voltage control
equipment and also applies, as appropriate, to field installation of accessories (kits) in medium-voltage
control equipment. The following requirements shall apply:

a) Medium-voltage control equipment shall be suitable for use with or without such kits installed.

b) Each kit shall be acceptable for the intended use and shall comply with all applicable
requirements of this standard when installed in the intended manner.

c) Each kit shall be capable of being installed without the use of a special tool, unless such a tool
and instructions for its use are furnished with each kit.
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d) A barrier that is necessary because spacings would otherwise be less than required or for any
other reason shall be securely attached to either the kit or the medium-voltage control equipment.

5.212 Blank

5.2121

spaces, provision for future controllers, and spare controllers

Blank space

Blank space(s) (see Clause 3.1.215), when provided, shall include a cover or hinged door over the
provided space. The door or cover shall require the use of a tool to open or have provision for locking.

5.212.2 Space for future controller

5.212.2.1 Sp
hinged door o
provision for Iq
fully insulated

5.212.2.2 Sp
controller kits
standard. See

5.212.3 Facflory-prepared space for future controller

Factory-prepa
or hinged doo
provision for I

interlocked with the switch operating handle to prevent opening the door with the isolating

closed positio
shall be fully ir
catalog desigr
use in this spal

5.212.4 Partjally-completed controller compartment

Compartment;
controllers, €|
Compartment;
the kits that h

ace for future controller(s) (see Clause 3.1.216), when provided, shall in¢ly
ver the compartment. The door or cover shall require the use of a taol to

pr isolated.

aces for future controllers shall be marked with the type_orvcatalog desig
that have been investigated or approved for use in this. space in accordzs
Clause 5.10.204(w) for marking details and Clause 5.211 for kit requirements.

red space for future controller(s) (see Clause»3.1.217), when provided, shall in
I over the compartment. The door or cover shall require the use of a tool to
cking. If the factory-prepared space includes a controller isolating switch, the,

n. Any conductive parts on the Jine'side of the disconnect device within the
sulated or isolated. Spaces for factory-prepared controllers shall be marked w
ation of the controller(s) and associated kits that have been investigated o

with partiallyr.completed controller(s), when provided, shall comply with all req
kcept thati_certain components may be omitted, as indicated in Cla
with partially completed controllers shall be marked with the type or catalog
ave_been investigated or approved to complete the controller. See Clause 5|

marking detail

He a cover or
ppen or have

cking. Any energized bus or other electrical component(s) within the compariment shall be

nation of the
nce with this

clude a cover
open or have
door shall be
switch in the
compartment
ith the type or
approved for

ce. See Clause 5.10.204(w) for marking details and Clause 5.211 for kit requir¢gments.

uirements for
use 3.1.218.
esignation of
[10.204(w) for

5-and’Clause 5.211 for kit requirements.

5.212.5 Spare controller

Spare controller(s) (see Clause 3.1.219), when provided, shall comply with all requirements for controllers.

5.213

5.213.1

Insulated bus (optional)

General

An optional system for insulating bus bars and bus joints may be supplied. An insulated bus shall meet the
requirements of Clause 5.213.2.
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5.213.2 Insulated bus requirements

The following requirements shall apply:

a) Bus joints, other than at shipping joints, shall be completely covered by insulating materials at
the factory. For interconnecting bus joints that must be made in the field, insulating material shall

be supplied for application in accordance with the manufacturer’s instructions.

b) A representative sample of insulated bus shall withstand without breakdown the t

est for bus bar

insulation described in Clause 6.2.202.5. This test is required on one insulated bus bar test sample

for each rated voltage.

development of Hus faults that would result if foreign objects momentarily contacted bare bus. This insulating gove
a part of the primiary insulation system, and in such cases the outer surface of this insulating covering will not,be a

NOTE: Purpos¥1 insulation - Tnsulated bus is provided to minimize the possibility of communicating fault
It should not be assumed, therefore, that personnel can contact this insulating covering safely.

5.214 Controllers — general requirements

Controllers shall be wired and assembled as complete, totally enclosed, and’self-supporting
6 Type Tests

6.1 Genera

The performgnce of medium-voltage industrial control‘equipment shall be investigated b
representativgé sample or samples in commercial form to the tests listed in Table 6 as apy
selecting the sample, consideration shall be given.to optional features, such as bus structur
assemblies apd the like, and the effects of sugch features on performance during the tests.
controller shdll be tested in the smallest enclosure in which it is intended to be used, un
specified.

The sequencg in which these tests shall be conducted is indicated in Table 6. Unless othen
these tests shall be conducted atrated frequency.

In some casgs (e.g., temperature rise, impulse withstand) it will be necessary to repeat tq
conducted on|individual ¢ontrollers when controllers are configured together in control centg
This standard| defines the additional tests required on control centers.

and prevent the
ing is usually only
ground potential.

units.

y subjecting a
licable. When
s in multi-unit
A contactor or
ess otherwise

vise indicated,

sts previously
r construction.

Type tests arg intended to prove the performance of a given controller design and are not to

be considered

production tests.

Type tests for ratings other than preferred ratings shall use the same test methods, sequences and

acceptance criteria mandated for preferred ratings.

6.2 Dielectric tests

Dielectric tests shall be made on a completely assembled controller. The outside surfaces of insulating
parts shall be in clean condition.

If the controller contains wiring assemblies or other electronic circuit components that would be affected
adversely by application of the test voltage, or that are specifically designed to protect the equipment from
voltage, they shall be removed, disconnected, or otherwise rendered inoperable before the dielectric tests
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are made. A representative subassembly may be tested instead of an entire unit. The insulation and
spacings of circuits using these devices shall then be tested separately for dielectric strength.

If a controller includes a meter or meters in other than the main circuit, such devices shall be disconnected
from the circuit and the complete device subjected to a power-frequency voltage withstand test as
indicated in Clause 6.2.202. The meter or meters shall be tested separately for power-frequency voltage
withstand, with an applied potential of 1 000 V in the case of an ammeter, and 1 000 V plus twice rated
voltage in the case of any other device having a voltage circuit. The test potential shall be applied between
live parts and the mounting panel, including the meter face, zero adjuster, etc.

For devices incorporating static switching elements, a shorting jumper may be placed across the static
switching elements and a shorting jumper across their control terminals during the dielectric tests.

6.2.201 Impulse withstand tests

6.2.201.1 General

Dielectric test

commercial te
16.

Test voltage Ie

The impulse v
withstand, or
a previously U
microsecond 1
1.

6.2.201.2
Method 1 (3x3
Method 2 (3x
method) “C” in
each of these

without causin

Method 3 (15

5 shall be made under the temperature and humidity conditions normall
5ting. Appropriate correction factors applied shall be used in accordance with

vels shall be equal to or greater than those in Tabléd.

ithstand test is a design test intended to prove the rated insulation level (im
asic insulation level [BIL]) rating of a given(controller design. The medium-volf
ntested controller shall be capable of withstanding voltage impulses using a

i/ obtained in
Annex A, ltem

pulse voltage
age circuits of
full-wave 1.2

se time and a 50 microsecond to halfvoltage having a peak value in accordamce with Table

Impulse voltage withstand test methods

test procedure): This is.the historic test method that is no longer valid.

D test procedure):"This method is preferred for new tests. This method is
Annex A, ltem 16, in the U.S.A. column. The test voltage shall be as specifieg
tests, three.positive and three negative impulses shall be applied to each pha
g a disruptive discharge, except as noted in Clause 6.2.201.4.

2.test procedure): This method is an alternate preferred test method for ne

brocedure (or
in Table 1. In
5e individually

bw tests. This

method is procedure (or method) "B~ in Annex A, Ttem 16, in the U.S.A_ column. The test voltage shall be
as specified in Table 1. In each of these tests, fifteen positive and fifteen negative impulses shall be
applied to each phase individually without causing a disruptive discharge, except as noted in Clause
6.2.201.4.

NOTE: Some insulating materials retain a charge after an impulse test, and for these cases care should be taken when reversing the
polarity. To allow the discharge of insulating materials, the use of appropriate methods, such as the application of 3 impulses at about
80% of the test voltage in the reverse polarity before the test, is recommended.

6.2.201.3 Impulse voltage withstand test sequence

The test samples shall be subjected to the following sequence of tests. Control and auxiliary circuits shall
be grounded in these tests, and the medium-voltage motor circuit fuses (in the case of Class E2
controllers) and control circuit fuses shall be in place:
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a) Test 1: With the controller bus installed, the isolating means closed, and the contactor in the
open position, the “Common value” of impulse test voltage shown in Table 1 shall be applied
between each phase and ground, and between phases, except that the impulse voltage need not
be applied across the open gap of the contactor. Load side of contactor need not be grounded.

b) Test 2: Test 1 shall be repeated, except that the contactor shall be closed.

c) Test 3: With the isolating means open, the “Across the isolating distance” impulse test voltage
shown in Table 1 shall be applied in each phase individually between the contacts of the isolating
means across the isolating gap. Where the isolating means has provision for automatically
grounding its load side when in the fully opened position, the test voltage shall be the “Common

value”

test voltage specified for Tests 1 and 2.

The test shal
arresters con
coil assembl
transformers,
connections t
but may be in

If a higher im
arresters sha
that no disrup
6.2.201.4 E}
The controller

Test method 1

Test method
three consect

the second group of tests, the flashover in the first group shall be considered a random flas|

controller sha

Test method
the test if the

a) Eag

be conducted using at least one of the test voltage levels from Table 1 witt
nected. Additional tests may be performed with or without surge arresters: Dry|
es, such as reduced-voltage-starting reactors, autotransformers, (CPTs,
may also be disconnected at the transformer terminals for this: test. C
b the transformer shall be in locations representative of when connected to th
sulated from the terminals.

bulse level is desired, based on the inclusion of surge_ arresters, the clamping
| be below the impulse levels verified by the initial impulse test. Testing sha
live discharges will occur within the controller at thechigher impulse level.

yaluation
shall be considered to have passed the-test under the following conditions:
, 3%3 test procedure: This method is no longer valid.

P, 3x9 test procedure: If aidisruptive discharge occurs on only one test durin
tive tests, nine more tests’shall be made. If the equipment successfully withsta

| be considered as-having successfully completed the test.

B, 15/2 test procedure: The controller shall be considered as having successf
ollowing €onditions are fulfilled:

h group has at least 15 tests.

out any surge
-type core and

and voltage
able and bus
e transformer,

voltage of the
| demonstrate

) any group of
nds all nine of
hover, and the

Llly completed

b) The number of disrupfive discharges does not exceed two for each complete group.

c) No disruptive discharges on non-self-restoring insulation occur. This is confirmed by 5
consecutive impulse withstands without a disruptive discharge following the last disruptive

discha

rge.

NOTE: This procedure leads to a maximum possible number of 25 impulses per group.

6.2.202 Power-frequency voltage withstand test

6.2.202.1

General

Equipment shall be capable of withstanding for 1 min without breakdown the application of a 48 to 62 Hz
essentially sinusoidal test voltage, as indicated in Table 1, in the cases described in Clauses 6.2.202.2 to

6.2.202.5.


https://ulnorm.com/api/?name=UL 347 2025.pdf

66 NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347 FEBRUARY 3, 2025

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 test between terminals of opposite polarity.

The controller shall be tested by means of a 500 VA or larger capacity transformer, whose output is
essentially sinusoidal and can be varied. The applied voltage can be determined by measuring the input to
the test transformer. A test transformer of less than 500 VA capacity may be used if the applied potential is
measured at the output of the test transformer, either directly or through a voltage transformer.

6.2.202.2 Tested at the “Common value” test voltage in Table 1

The test voltage shall be applied:

a) between each phase of the power circuit and ground with the other phases greynded and the

control

b) betw

c) for
interru
interru

:

er contacts both open and closed. The control circuit shall be grounded for this
een the control circuit and ground with the control circuit ungroundedj and

a controller with a vacuum-type interrupter, across the open “contacts of
ter. Care shall be taken not to apply a test voltage across the ‘open contacts
ter that exceeds the manufacturer's recommendation, to aveid generating har

test;

the vacuum
of a vacuum
mful X-rays.

6.2.202.3 Tepted at the “Across the isolating distance” voltage.in Table 1

The test voltage shall be applied:

a) acrops the open contacts of the isolating distance; and

b) if th
contac
contac

b controller has a test position obtained by means of a drawout element, ac
s of the isolating distance, withhthe drawout element in the test position,
or contacts open and closed:

oss the open
both with the

6.2.202.4 Pdwer-frequency voltagewithstand (repeated) test

Where requirgd by other part$ of this standard, the controller shall comply with the re
Clauses 6.2.2D2.2 and 6.2,20213, except that the test potential shall be as shown for “Po
withstand-voltage test (repeated)” as shown in Table 1.

uirements of
ver-frequency

6.2.202.5 Tept forbus bar insulation

If insulation is provided for bus bars it shall be tested for dielectric Qfmng‘rh

The insulated bus bar sample shall have the rated maximum voltage U, at rated power-frequency applied
from the conductor to an electrode effectively covering the outer surface of the insulation, but sufficiently
far from the ends of the sample to be able to withstand the test voltage. The insulated bus bar sample shall
have a construction that is typical of bus bars, elbows, splices, and joints as used in the manufacturer's
design. The test voltage shall be applied for 1 min.

NOTE: Suggested external electrodes are conductive paint or metallic foil or the equivalent. Care should be taken to prevent the
external insulation media from penetrating the test area between the sample insulation and the electrodes.
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6.2.203 Partial discharge test

6.2.203.1

General

Controllers with rated maximum voltages (Ur) greater than 7.2 kV shall be subjected to a partial discharge
test. Testing shall conform to Annex A, Item 24 and as noted below.

6.2.203.2 Partial discharge test method

The controller used for the partial discharge test shall have been previously subjected to the power

frequency voltage withstand test described in Clause

WM@M&WW&L
With the controller bus installed, the isolating means closed, and the contactor in the\ope

with the pow:
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n in Table 1 and held for one minute.

be repeated as in the preceding paragraph, except with the contactor in the clq
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the one minute period, if the measured partial discharge level is 100 pC (pic
bment is considered to have passed the test.

nt of the resistance of each phase of the contactor shall be made before and

rrent.after the test. The following requirements shall apply:

a) No

more than 5 no-load nppmﬁnnc of the contactor shall bhe pprmiﬂpd hety

6.2.202. The partial discharge test may be combined

h position, the
hded. The test
bwn in Table 1

ona extinction

sed position.

pcoulombs) or

after the fault

'ying its rated

veen the fault

interru

ption test and measurement of resistance.

b) The measurement shall be made with dc by measuring the voltage drop or resistance from the
line side terminals of the contactor to the load terminals of the contactor.

c) The current during the measurement shall have any convenient value between 50 A and the
continuous current rating.

d) The measurement of the dc voltage drop or the resistance shall be made before the tests, with
the contactor at the ambient air temperature, and after the test when the contactor has cooled to a
temperature equal to the ambient air temperature. The resistance after the test shall not exceed

200%

of the resistance determined before the test.


https://ulnorm.com/api/?name=UL 347 2025.pdf

68 NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347 FEBRUARY 3, 2025

e) The measured value of the dc voltage drop or the resistance shall be given in the type-test
report, as well as the general conditions during the test (current, ambient air temperature, points of
measurement, etc.).

6.4.2 Measurement of the resistance of the controller

A measurement of the resistance of each phase of the controller shall be made before and after the fault
interruption test (see Clause 6.104) to determine that the controller is capable of carrying its rated
continuous current after the test. The following requirements shall apply:

a) Not more than 5 no-load operations of the contactor shall be permitted between the fault
interruption test and measurement of resistance.

b) The ance from the

line sid

measurement shall be made with dc by measuring the voltage drop or résist
e terminals of the controller to the load terminals of the controller.

c) The 50 A and the

continy

current during the measurement shall have any convenient valuexbetween
ous current rating.

d) The
the cor
temper
200% ¢

measurement of the dc voltage drop or the resistance shall be made before the tests, with
tactor at the ambient air temperature, and after the test, when the contactor has cooled to a
ature equal to the ambient air temperature. The resistance after the test shall not exceed
f the resistance determined before the test.

e) The
report,
measu

f) Fuse
negligi

6.5 Tempers

6.5.1 Conditfions of the controller. to be tested

The temperaty
subjected to

liquid or gas at the minithum functional pressure (or density) for insulation prior to the test.

controller shal

measured value of the dc voltage drop or the resistance shall be given in
as well as the general conditions during thetést (current, ambient air tempera
rement, etc.).

5 and solid state switching elements if provided shall be shunted or replaced b
ble resistance during this test.

ture-rise tests

re-rise test of the main circuits shall be made on a controller or device that W
he short time\ capability test (Clause 6.202), and, if applicable, filled with th

be tested in the smallest enclosure in which it is intended to be used.

the type-test
ture, points of

y solid links of

as previously
e appropriate
A\ contactor or

6.5.2 Arrang

ement of the nquipmnnf

Anti-condensation heaters, representative of the maximum wattage rating to be provided, shall be installed
and energized at their rated voltage during the temperature test, unless the anti-condensation heaters are
automatically de-energized.

The CPT need not be energized, provided the transformer heat loss is simulated by an equivalent heat
source representing the largest transformer available.

Controller and control center sections shall be tested at rated continuous current with 1.2 m (4 ft) of copper
wire attached to each field-wiring terminal. The wire shall be of the smallest size having an ampacity of at
least 125% of the test current for motor loads and at least 100% for other loads. Wire size shall be
determined in accordance with Table 7. The type of insulation is not specified, but the color shall be black.
The temperature test may be conducted with conductors having other than black insulation, but reference
temperature measurements shall be conducted with black insulated conductors. If the terminal will not
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receive the size of wire required for testing at rated continuous current, the maximum allowable wire size
shall be used.

In a device employing high-voltage motor circuit fuses, live fuses shall be used during the temperature
test. If a range of fuse types or ratings is applicable, the fuse type or rating having the highest power loss
shall be used. These fuses shall not open during the temperature test.

Conductors supplying two or more motor controllers shall have an ampacity equal to the sum of the full
load current rating of all the motor controllers plus 25% of the highest rated motor controller in the group.

Temperature rise tests shall be performed on at least one vertical section containing the maximum number
of controllers permitted by the design.

Each controllgr shall carry maximum rated continuous current for that particular controllerland mounting
location. Temnlperature rises shall be recorded for the controllers, non-extendable| powdr bus, and (if
provided) on [the extendable power bus and splices. If the controllers have been previqusly tested in
accordance with Clause 6.5, temperature rises for the controllers in control centers need onfy be recorded
at the points qf highest temperature rise as determined in the individual contreller temperatufe rise tests.

For control cgnter vertical sections designed with extendable power bus,/the temperature rige test shall be
conducted us|ng representative extendable bus configurations.

If a range of ¢xtendable power buses is available, both the highest current density bus configuration and
the highest ampacity configuration shall be tested to represent'the range of available buses.

The rated co:l:tinuous current for a controller mounted in a vertical section with more than|one controller
may be less tihan the rated continuous current for-amsindividual controller.

Extendable ppwer bus ratings shall be tested-Using a representative length of bus long epough to pass
through at legst one complete vertical section and shall include one or more bus connecting splice joints.
Tests shall inglude incoming line powef bus configuration(s) that connect to the extendable gower bus.

For the tempgrature rise test, the extendable power bus shall be loaded as follows:

a) A clirrent equal to, the extendable power bus rated continuous current shall be ppssed through
the bus of one{complete vertical section and one or more splice joint assemblies. Conductors
supplyiing the (power bus shall be sized based upon the ampacity of the power bus. Table 7 may be
used fpr determining conductor sizing.

ed-as described in

b Th,- ntrallere—mantedintheyvertieal-caction—ahall b atarttanaaicly
SOt onNCTrS Mo tCU—TT e veTatalr SCotoTrT SraiT o —ShanartcUa STy

this clause.

c) The remainder of the current shall be passed through the outgoing section of the extendable
power bus. Conductors shall be sized based on this remaining current. The extendable and non-
extendable bus structures may be energized from two separate sources.

Equipment incorporating solid state switching elements shall also comply with Clause 6.5.5.201.
6.5.3 Measurement of the temperature and the temperature rise
6.5.3.201 General

The tests on all parts shall be made simultaneously, as the heating of one part may affect the heating of
another part.
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6.5.3.202 Measurement of coil temperature by resistance method

The preferred method of measuring the temperature of a coil shall be the resistance method, but
temperature measurements by either the thermocouple or resistance method are acceptable. The
thermocouple method shall not be employed for a temperature measurement at any point at which
supplementary insulation is employed.

The resistance method consists of the determination of the temperature of a copper or aluminum winding
by comparing the resistance of the winding at the temperature to be determined with the resistance at a
known temperature, according to the following formula:

N 3= R fiz oo (T 4 ¢
[ ==y L]

i
et

where:

At = temperature rise,
R = thqg resistance of the coil at the end of the test, ohms
r = the fesistance of the coil at the beginning of the test, ohms

k = 234.5 for copper and 225.0 for electrical condugtor grade (EC) aluminum. Values of the
constaht for other grades must be determined.

t, = thg ambient temperature at the beginning of\the test, °C

t, = the ambient temperature at the end of thetest, °C

As it is generally necessary to de-energizé.the winding before measuring resistance,|the value of
resistance at ghutdown may be determined by taking several resistance measurements at ghort intervals,
beginning as quickly as possible aftercthe instant of shutdown. A curve of the resistance values and the
time shall be plotted and extrapolated to give the value of resistance at shutdown.

6.5.3.203 Me¢asurement of temperature by thermocouple method

The thermocquple methad shall consist of the determination of temperature by the gpplication of
thermocouples to the hottest accessible parts.

Temperatures|shall’ be measured using thermocouples and related instruments that are [accurate and
calibrated. Thérmocouples shall consist of wires not larger than 30 AWG (0.0509 mm-). If the thermal
mass of the materials whose temperature is being measured is significantly larger than that of the
thermocouple wire, larger-size wires may be used, but in no event larger than 24 AWG (0.205 mm?).

A thermocouple junction and adjacent thermocouple lead wire shall be securely held in good thermal
contact with the surface of the material on which the temperature is being measured.

NOTE 1: 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 will in some cases be necessary.

NOTE 2: Care should be used to keep the bare thermocouple wire from being twisted together ahead of the point of contact with the
part, as this will result in the effective junction being some distance from the part and will in some cases result in errors.

The thermocouple wire shall conform with the requirements for special thermocouples as listed in the table
of limits of error of thermocouples in Annex A, Item 19.
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6.5.3.204 Measurement of temperatures for solid state equipment

Measurement of temperatures for solid-state equipment shall be in accordance with Clauses 6.5.3.202
and 6.5.3.203 when monitoring non-conductive parts or conductive parts that are not energized.

When one or more thermocouples are connected directly to energized parts, care shall be taken for safety
and to prevent damage due to voltage differences and grounds.

Measurement of energized parts operating at line voltage can require the use of methods other than the
thermocouple method, such as temperature indicating labels. These methods may be used when
agreeable to all concerned, and when it can be demonstrated that these methods have accuracy

comparable to that of the thermocouple method.

During the tq
assembly sh3
sSensors in ac

6.5.3.205 Test conditions
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device shall b
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be used for te
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intervals of a
intervals), are]
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higher freque
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6.5.4 Ambi¢nt air temperature

The temperature test may‘he conducted at any ambient temperature within the range of 1

the ambient t
vicinity of the

mperature test, the temperatures of all heat sinks for solid state devices
Il be monitored to determine which heat sink(s) in each phase shall be'providg
tordance with 5.203(k).

whether industrial control equipment complies with the temperature test req
e operated under normal conditions and shall carry(its‘rated current until ten
pverload relay shall not trip during the test. A source’of supply of any convenie
mperature tests on parts other than coils.

b rise shall be considered to be constant{when three successive readings,
bproximately 10% of the previously elapsed duration of the test (but not les
constant within 1°C.

conducted at a frequency not'less than the highest rated frequency. Tests ¢
ncy shall be considered representative of lower frequency ratings for con
brce cooled equipment shall be considered based upon any change in cooling

emperature-may be determined using either thermometers or thermocouples
Equipment being tested.

in the power
d with thermal

uirements, the
hperatures are
nt voltage may

aken at equal
s than 10 min

onducted at a
ection cooled
Air volume.

D to 40°C, and
placed in the

If reference

easurements of ambient temperatures are necessary, several thermometers s

hall be placed

at different points around the equipment at a distance of T o Z m (3 to 6 ff). The thermometers shall be
located in the path of the cooling medium, but shall be protected from drafts and abnormal heat radiation.
The ambient temperature shall be the mean of the readings of the temperatures taken at equal intervals of
time during the final quarter of the duration of the test.

When the ambient temperature is subject to variations that might result in errors in taking the temperature
rise, the thermometers (for determining the ambient temperatures) should be immersed in a liquid such as
oil in a heavy metal cup.

A convenient form for such an oil cup consists of a metal cylinder with a hole drilled partly through it. This
hole is filled with oil and the thermometer is placed therein with its bulb well immersed. The response of
the thermometer to various rates of temperature change will depend largely upon the size, kind of material,
and mass of the containing cup, and can be further regulated by adjusting the amount of oil in the cup. The
larger the apparatus under test, the larger the metal cylinder employed as an oil cup in the determination
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of the cooling air temperature should be. The smallest size of oil cup employed in any case shall consist of
a metal cylinder 25 mm (1 in) in diameter and 50 mm (2 in) high.

6.5.5 Temperature-rise test of the auxiliary and control equipment

[Vacant]
6.5.5.101
[Vacant]
6.5.5.102 Te
[Vacant]
6.5.5.103 Te
[Vacant]
6.5.5.104 Te

The current td
controller. In t
with the taps
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The peak tem
more than 15°
the windings.

are shown to i
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Temperature-rise tests on control electro-magnets

mperature rise of starting resistors for rheostatic rotor starters

mperature rise (during starting) of motor starting autotransformers and r

the connected load shall be the tap ratio multiplied by six times the rated
ne case of an autotransformer or reactor with séveral sets of taps, the test s
giving the highest power loss in the transformer or reactor. If the transforme
constant current density, the losses shall\be assumed to be equal. In order tq
may be run at reduced voltage with a star-connected impedance used in place

perature rise shall not exceed thé rated temperature rise of the device insul
C. The temperature shall be measured by thermocouples, suitably insulated, a
The temperature shall be-monitored throughout the test and until the winding
e decreasing after the final test cycle.

erformed as follows:

i. For

edium starting duty the starter shall be tested for the following duty cycle: on

repeat fwo times.for a total of three cycles. Rest 1 h, and then repeat an additional thr

ii. For heawvy starting duty the starter shall be tested for the following duty cycle: on 1
repeat fourtimes for a total of five cycles. Rest 2 h, and then repeat an additional five

pactors

current of the
hall be made
r or reactor is
facilitate this
of a motor.

btion class by
nd buried into
temperatures

30 s, off 30 s,
be cycles.

min, off 1 min,

cycles.

iii. For optional starting duty as described in 4.204.1.3, the starter shall be tested in accordance
with the optional duty cycle marked on the nameplate.

6.5.5.201
controllers

6.5.5.201.1

Equipment without automatic bypass function:

Temperature tests for reduced-voltage solid state starters and solid state resistive load

These devices shall be subjected to the temperature test in accordance with Clauses 6.5.1 — 6.5.4. In
addition to the temperature limits specified in Table 2, the switching elements shall not exceed the
maximum allowable limits established by the manufacturer of the switching elements.

6.5.5.201.2 Equipment incorporating automatic bypass function:
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The temperature test shall be conducted with the equipment operating in the bypass mode, in accordance
with Clauses 6.5.1 — 6.5.4. In addition, equipment incorporating bypass function shall be tested in
accordance with Clauses 6.5.5.201.3 and 6.5.5.201.4.

6.5.5.201.3 The controller shall be operated at the specified starting current of the controller. The test
method shall be in accordance with Clauses 6.5.1 — 6.5.4, with operation as follows:

a) Turn on for the specified on time
b) Turn off for the specified off time

c) Repeat (a) and (b) for the specified number of consecutive on/off operations

d) Turn off for the specified rest time

e) Repeat steps (a) though (d) for the specified number of sequences

NOTE: see Clauge 4.204.2.

6.5.5.201.4 [This test simulates failure of the controller bypass contactorto operate. The ¢ontroller shall
be operated I}t rated continuous current, with current passing through-the solid state switching devices,
until the thermal protection operates and terminates the test or until the temperatures arg¢ constant. All
other paramefiers of the test shall be in accordance with Clauses6.51 — 6.5.4.

6.5.5.201.5 At the conclusion of the tests, the controller‘shall not be damaged, and shTII remain fully
functional. The controller shall comply with Clause 6.5.67and shall comply with the requifements of the
power-frequepcy voltage withstand test given in Clause'6.2.202.

6.5.6 Interpretation of the temperature-rise tests

Medium-voltage control equipment, tested under the conditions described in Clauses 6.5.1[to 6.5.5, shall
not attain a t¢mperature at any point high”enough to constitute a fire hazard, or to affect [adversely any
materials employed in the device,.nor show temperature rises at specific points greafer than those
specified in Table 2, except as permitted by Clause 6.5.5.104.

The temperafure rise of insulation materials other than those covered in Table 2 shall not exceed the
relative thermgl index (see-Annex A, Item 7) of the material minus 40°C.

6.6 Short-time, momentary, and peak withstand current bus tests

6.6.1 General

Main circuits of the controller or control center shall be subjected to tests to prove their ability to carry the
rated peak, momentary, and short-time withstand currents.

6.6.2 Short-time current withstand and momentary current withstand test
6.6.2.1 General
For short-time withstand tests, the short-circuit current shall be the rated short-time withstand current

specified in Clause 4.5. The test duration shall be as specified in Clause 4.7. Random closing is
acceptable for this test.
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Testing at 60 Hz shall be considered to be representative of 50 Hz ratings, provided that the duration of the
short circuit is at least as long as it would be for 50 Hz. 50 Hz tests shall be considered to be
representative of 60 Hz ratings, provided that the peak current is as indicated for 60 Hz.

For momentary withstand current tests, test duration and test current shall meet the requirements of
Clause 4.6.2 and Table 8.

The assembly shall be connected to a source having a prospective current (symmetrical) equal to the
rated short-time withstand current of the control center. The test circuit shall be calibrated with a short-
circuiting conductor applied at the incoming terminals of the control center. The test circuit shall be as
described in Clause 6.104.202, except the test may be conducted at any convenient voltage. The power
and ground bus shall not exceed 3 m (10 ft) each in length, and shall include a typical bus splice assembly
as provided for field assembly of control centers.

The short-timg withstand and momentary withstand current tests may be combined’if all tHe parameters
for both tests are met.

6.6.2.2 Extendable power bus
The test shall be conducted three-phase.

For the withstand tests, a short-circuit shall be applied at the end of the power bus furthes{ from the test
station terminals, with bus bars or cables having a cross-section equal to that of the power bus and a
length as short as possible.
6.6.2.3 Groynd bus

The test shall be conducted single-phase.

For the withsfand tests, a short-circuit.shall be applied between the ends of the ground bus and the
nearest phase| bus furthest from the test station terminals, using bus bars or cables having a|cross-section
equal to that of the ground bus and.a length as short as possible.

6.6.2.4 Testcriteria

At the end of the testithe sample shall comply with the power-frequency withstand (repeated) test
described in CJause 6:2/202.4 and shall have:

a) no breakage of the bus supports;

b) no permanent deformation that impairs mechanical performance; and

¢) no permanent deformation of bus bars resulting in more than a 10% reduction of electrical
clearance.

Deformation resulting in excess of 10% of electrical clearance is acceptable, provided that the equipment
passes the impulse withstand test described in Clause 6.2.201.

6.6.3 Peak withstand current tests

This test is for non-extendable power bus, and may be combined with the fault interruption test described
in Clause 6.104.202.
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The non-extendable power bus shall be connected to a circuit as described in Clauses 6.104.201 and
6.104.202. This bus shall withstand, without damage, the thermal and electromagnetic effects imposed on
it during the interval that the controller requires to interrupt a fault on a system having the prospective peak
current at which the controller is rated. The assembly shall be tested so that the various bus structures will
be stressed during the interval of fault interruption by the highest rated controller (i.e. highest let-through
current) intended to be used in the assembly.

The non-extendable bus to be tested shall be connected to the test circuit, and a short-circuit shall be
applied to the load terminals of the selected controller as described in Clause 6.104.203. For multiple
controller arrangements, the short-circuit shall be applied to the controller installed furthest from the
incoming line terminals, in order to stress the maximum length of bus structure. For multiple controller
arrangements, it will in some cases be necessary to conduct more than one test in order to evaluate all the
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6.101.1

An enclosure

Range of operating voltage test (verification of operating limits)

is not required for this test.

AC contactors shall withstand 110% of their rated voltage without damage to the closing coils and shall
fully close without hesitation at 85% of their rated voltage.

For the test at 110% of rated control voltage, the closing coil shall be energized at 110% of rated control
voltage until constant temperature is reached and then tested immediately to demonstrate that full closure
results when rated control voltage is reapplied.

For the test at 85% of rated control voltage, the closing coil shall be energized at rated control voltage until
constant temperature is reached and then tested immediately to demonstrate that full closure results when
85% of rated control voltage is applied.
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Where the contactors of an ac controller are operated from the secondary of a CPT that has its primary
winding connected to the controller supply circuit, the controller shall fully close at 90% of rated primary
voltage.

The release coil of a latched contactor shall withstand 110% of its rated control voltage without damage,
and shall release the latching mechanism without hesitation at 85% of its rated control voltage.

6.101.2 Mechanical endurance tests

A contactor of a controller shall be operated in its intended manner without load for a minimum of 10 000
operations. The test may be conducted at any convenient rate of operation, but not faster than 20
operations per minute.

At the end of this test the sample shall:

a) exhibit no breakage of parts;

b) exhibit no permanent deformation that impairs mechanical performance;

c¢) exhi
and

bit no permanent deformation resulting in more than a 10%)reduction of electrigal clearance,

d) com hts of Clause
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ing arrangement. Sée Clause 5.11.

t components are used, it shall be determined that:

g and closing
operative, by
be prevented

a) the gevice cannot be inserted in any condition of misalignment that will permit the operation of
the deyice while-impairing the effectiveness of the interlocking arrangement; and
b) the device cannot be withdrawn in the closed position.

In the case of a drawout component, one operation shall consist of a cycle of withdrawing from a fully
engaged position to the isolated position and return. See Clause 5.202.

The effort required to perform the 1 000th operation shall be essentially the same as that required to
perform the first operation. Upon the completion of the 1 000 operations, the sample shall be in
substantially the same mechanical condition as at the beginning of the test.

For isolating switch and grounding switch operating handle interlocks, the interlock function shall be
checked after the final operation by applying a force of 750 N (169 Ibf) to the operating handle at the
midpoint of the gripping area. After this force is applied, it shall be determined that all interlock functions
are operative by attempting to open any doors, operate electrical circuits, or any other operation intended
to be prevented by the interlocking arrangement.
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For isolating switches having covers or doors in accordance with 5.11.201, the interlocking of the cover or
door shall be checked by applying a force of 100 N (23 Ibf) in an attempt to open the cover or door, with the
line contactor in the closed position. After this force is applied, it shall be determined that all interlock
functions are operative by attempting to open any doors, operate electrical circuits, or any other operation
intended to be prevented by the interlocking arrangement.

For grounding switches having covers or doors in accordance with 5.11.207, the interlocking of the cover
or door shall be checked by applying a force of 100 N (23 Ibf) in an attempt to open the cover or door, with
the isolating switch(es) in the closed position. After this force is applied, it shall be determined that all
interlock functions are operative by attempting to open any doors, operate electrical circuits, or any other
operation intended to be prevented by the interlocking arrangement.

A drawout contactor that is not utilized as the controller isolation means shall be insertedcar
total of 50 times. The effort required to perform the 50th operation shall be essentially the
required to pgrform the first operation. Upon the completion of the 50 operations, the-sam
substantially the same mechanical condition as at the beginning of the test.

6.101.4 Tes
[Vacant]
6.102 Make

6.102.201 H

A contactor t
current at wh
point shall be
curves of the

6.102.201.1

To determine
current or 10
shall be cond
requirements

a) The
400 A

s of the striker mechanism

and break capacity
asic requirement — electromagnetic contactors

nat is part of a class E controller shalltbe capable of making and breaking
ch the overload relays alone cause'Current interruption (take-over current).
determined from the characteristic curves of the overload relays and the totg
medium-voltage circuit fuses,

Procedure

times the rated continuous current of the contactor, whichever is greater. T
ucted in a single continuous test without intervening maintenance or service
shall apply:

contactor shall be operated at the rate of one operation per minute for cg

d withdrawn a
same as that
ple shall be in

the maximum
The take-over
| clearing time

compliance, a contactor shall be subjected to 10 make and break operations at the takeover

he operations
The following

ntactors rated

and less, and one operation per 5 min for contactors rated greater than 400

A, with an ON

time o

notless than 0.1 s. The test may be conducted at a faster rate.

b) Except as indicated above, the conditions for this test shall be the same as for the overload test
described in Clause 6.103.

c) This test may be performed on a separate sample, or in combination with the overload test
described in Clause 6.103.

6.102.201.2

Test criteria

When the make and break test is performed on a separate sample, the contactor shall be in substantially
the same mechanical condition at the conclusion of the test as at the beginning and shall pass the power-
frequency voltage withstand (repeated) test described in Clause 6.2.202.4. The controller shall perform
without the emission of dangerous hot gases, flame, or oil from its enclosure. The ground fuse shall not
have opened.
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6.102.201.3 Combined test

When the make and break test is combined with the overload test, the first 10 operations shall be
performed in accordance with Clauses 6.102.201.1 and 6.102.201.2. The remaining 40 operations

(without the contactor being serviced) shall be performed in accordance with Clause 6.103.

6.102.202 Basic requirement — solid state controllers

The make and

break capacity test is not applicable to solid state resistive load controllers.

Reduced-voltage solid state controllers shall be capable of breaking the maximum prospective current at
which the overload relays alone cause current interruption (take-over current) The take-over point shall be

determined frg
medium-voltag

6.102.202.1

The controller
The prospecti
controller, whi
intervening ma

a) The
virtuall
ensure

suitabl¢ switching means. The load shall remain applied until the controller operate

load. T
control

b) The
of ope
operati
rate.

c) Excsg
describ

d) This
overlos

m the characteristic curves of the overload relays and the total clearing time
e circuit fuses.

Test procedure

shall be subjected to 10 break only (without making) operations’ at a specifie
ve test current is the take-over current or 10 times the‘rated continuous

Chever is greater. These operations shall be conducted in“a single continuod
intenance or service as follows:

controller shall be started and allowed to ramp*up to the fully on condition, rg
full (360 degree) conduction. The current in this state may be any convenie
5 full continuous conduction. The test lIoad shall then be applied to the cq

he test load shall be such that the prospective test current defined above woul
er shunted by solid links of negligible resistance.

test method described in (a)-shall be repeated 9 times, for a total of 10 operat
ration shall be one operation per minute for controllers rated 400 A and |
bn per 5 min for controllers rated greater than 400 A. The test may be conduc

pt as indicated above, the conditions for this test shall be the same as for the
ed in Clause 6.103.

test may be performed on a separate sample, or the same sample sul
d testdescribed in Clause 6.103.

capnarate-—ceoteof- 10 -opers ahall ba camAliAtad T firot ont ~f AN ~p A

curves of the

i test current.
current of the
s test without

bpresented by
ht current that
ntroller via a
s to open the
i flow with the

ons. The rate
ess, and one
ted at a faster

overload test

jected to the

e) Tw

Hona
STPOTatC— ST U o opTratonis orair DT CUNMOTCICU— T e 1ot ST UT 1O OpPCT

tions shall be

conducted with the test current flowing through the solid state devices (bypass circuit not
activated), and the second set of 10 operations shall be conducted with the starter operating in the
bypass condition. The second set of tests need not be performed if the bypass circuit has been
separately evaluated per Clause 6.102.201.

6.102.202.2 Test criteria

The controller shall be functional and in substantially the same condition at the conclusion of the test as at
the beginning and shall pass the power-frequency voltage withstand (repeated) test described in Clause
6.2.202.4. The switching devices shall perform without the emission of dangerous hot gases, flame, or oil
from the enclosure. The ground fuse shall not have opened.
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6.102.202.3 Combined test

When the make and break test is combined with the overload test, the first 10 operations shall be
performed in accordance with Clauses 6.102.202.1 and 6.102.202.2. The remaining 40 operations
(without the controller being serviced) shall be performed in accordance with Clause 6.103.

6.103 Overload test

6.103.201 General

Controllers shall comply with the requirements of Clause 6.103.208 after completion of the testing
described in Clauses 6 103 202 through 6 103206

6.103.202 Hquipment arrangement

The controllef shall be mounted with the door or cover closed. Any other openings, exc
ventilation opgnings, shall be closed.

ept intentional

Open contactprs shall be mounted in an enclosure whose dimensions niay be approximate
dimensions of the contactor, or the contactor may be mounted in<¢an enclosure whose d
representativg of the size enclosure in which the contactor will be.fnounted in actual service,
structure and|enclosure shall be grounded through a 3 A or smaller fuse of appropriate vq
the equivalent, connected as shown in Figure 1 or Figure 2.

y 150% of the
mensions are
The controller
Itage rating or

6.103.203 Tpst circuit

The test shal| be performed at the rated maximum’ voltage and a lagging power factor nd
35% except for solid state resistive load controllers in which case the test may be conducte
factor, up to and including 1.0. The open-circuit voltage of the supply circuit shall be not less

the rated maximum voltage of the controllén

t greater than
i at any power
than 100% of

The closed-cifcuit voltage is not specified, but the power-frequency recovery voltage shall be not less than
the rated supply voltage of the~centroller when measured in accordance with Annex A, Item 14. Circuit

characteristics shall be detefmined using either laboratory-type meters or oscillographic
oscillographid means are‘employed, the method described in Annex A, ltem 15, sha
determining ppower factgdr,-or a method proven to yield equivalent results.

Tests shall bg conducted at a frequency not less than the highest rated frequency. Tests g

means. When
| be used for

onducted at a

higher frequepey shall be considered representative of lower frequency ratings.

The controller shall be connected as shown in Figure 1 or Figure 2. All or part of the limiting impedance
may be connected on the load side. The test circuit may include any combination of current-limiting
reactors, resistors, or transformers in addition to the generating system. No capacitance shall be added in
the circuit. The medium-voltage motor circuit fuses may be shunted or replaced with dummy fuses.

In setting up the test circuit, the leads between the reactors and the controller should be made as short as
practicable so as to keep the capacitance to ground at the controller terminals small.

Reactive components may be paralleled if of the air-core type, but no reactance shall be connected in
parallel with resistance, except that an air-core reactor in any phase may be shunted by resistance, the
volt-ampere loss of which is approximately 0.6% of the reactive volt-amperes in the air-core reactor in that
phase.
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The shunting resistance used with an air-core reactor having negligible resistance may be calculated from
the following formula:

U

7)

R= 167(

where U = the voltage across the air-core reactor with current | flowing as determined by oscillographic
measurement during the short-circuit calibration or, by proportion, from meter measurements at some

lower current.

6.103.204 Overload test procedure — electromagnetic controllers other than reversing starters

The controller
operation sha
min maximum
electrical cycl
measurement

6.103.205 O

For a reversir
reverse opera
as specified in

Where the rev
ten additional

6.103.206 O
6.103.206.1
adjustable deq

adjustments fq

6.103.206.2

output. All oth¢r parameters of the test shall be as specified in Clause 6.103.203.

6.103.206.3

shall make and break 6 times rated continuous current for 50 operation
| be one operation per minute. These operations may be conducted in @roup|
OFF time between groups. During each operation, the ON time shall'be not
es before contact parting commences as determined by oscillographic
5. When combined with the make and break test, see Clause 6.102,201.3.

verload test procedure — electromagnetic reversing starters

g starter, the ON period shall consist of a forward operation immediately
ion. The ON time for each total operation (forward @peration and reverse oper
Clause 6.103.204.

ersing circuit arrangement is such that both' closing coils can be energized si
est cycles of operation shall be conducted with both coils energized simultane

verload test procedure — reduced-voltage solid state controllers

The ramp time of the controller shall be set to the minimum value. If the con
eleration time, it shall be set to the minimum value. All other time delay set
r current limit and overload levels shall be sent to maximum.

A load of 600 percent of the rated continuous current shall be connected to

The controller shall be caused to ramp up into the connected load. If the contr

current to a v
controller shu

lue. less than 600% of rated continuous current, this current shall be mainta

s.The rate of
5 of 5 with 15
ess than four
or equivalent

followed by a

htion) shall be

multaneously,
busly.

troller has an
tings and any

the controller

pller limits the
ined until the

down or until temperatures are constant, whichever occurs first. If constant

temperatures

are reached, the controller shall be stopped by a normal stop command.

6.103.206.4 The operation described in Clause 6.103.206.3 shall be repeated for a total number of 50
operations. There shall be no intentional delay between operations, other than any delay required to allow
overload or overtemperature devices to reset prior to restarting the controller. When combined with the
make and break test, see Clause 6.102.202.3.

6.103.207 Overload test procedure — solid state resistive load controllers

The controller shall make and break 1.5 times rated continuous current for 50 operations. The rate of
operation shall be one operation per minute. These operations may be conducted in groups of 5 with 15
min maximum OFF time between groups. During each operation, the ON time shall be not less than four
electrical cycles before contact parting commences as determined by oscillographic or equivalent
measurements. When combined with the make and break test, see Clause 6.102.201.3.
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6.103.208 Overload test evaluation criteria

At the conclusion of the overload test, the controller shall be functional, and in substantially the same
mechanical condition as at the beginning. The controller shall then pass the power-frequency voltage
withstand test (repeated) described in Clause 6.2.202.4. The controller shall perform without the emission
of dangerous hot gases, flame, or oil from its enclosure. The medium-voltage circuit fuses, if used, and the
ground circuit fuse specified in Clause 6.103.202 shall not have opened.

6.104 Fault interruption test

6.104.201 General

Interrupting tgsts are intended to prove the fault interrupting performance of a given contreller design and
are not to be gonsidered production tests. Test samples shall be substantially the same.as the commercial
form, including all normally provided bus.

Tests made fo verify the fault interrupting rating of a Class E controller shall be made| at line-to-line
voltages equal to the rated maximum voltage (U,) of the controller (see Clause 4.1), with|a prospective
current (symmetrical) at the line terminals of the controller at least equal t6 the interrupting rating of the
controller.

This current value is based on the average symmetrical currentdn the three phases (i.e. dmitting any dc
component). Each test circuit shall be capable of producing in.ene of the three phases a total rms current,
including the gdc component, not less than that shown in Table 8.

Tests shall bg conducted at a frequency not less than the highest rated frequency. Tests gonducted at a
higher frequepcy shall be considered representative’of lower frequency ratings.

The tests shall be made in accordance with, Clauses 6.104.202 to 6.104.205. The controller|shall meet the
performance fequirements of Clause 6.104.206.

6.104.202 Fault interruption test circuit

There are twq test circuits; teStcircuit 1 (see Figure 1) includes a three phase short circuit of the controller
output. Test gjrcuit 2 (see Figure 2) has additional impedance that will produce full voltage putput and full
conduction thfough theaolid state switching elements. Test circuit 2 also has a shorting devige that is used
to apply a thrge phase short circuit by shunting the additional impedance.

The test circditimay be ungrounded or neutral-grounded and include current-limiting reacfors, resistors,
and transformers’in addition to the generafing system. Tn seffing up the fest circuif, the Teads between the
reactors and the controllers shall be made as short as practicable so as to keep the capacitance to ground
at the controller terminals small. No capacitance shall be added in the circuit.

Reactive components of the impedance in the line may be paralleled if of the air-core type, but no
reactance shall be connected in parallel with resistance. Shunt resistance shall not be added to this circuit.

The power-frequency recovery voltage shall be not less than the rated maximum voltage U, of the
controller when measured in accordance with Annex A, Item 14.

The controller structure shall be grounded through a 3 A or smaller fuse of appropriate voltage rating.


https://ulnorm.com/api/?name=UL 347 2025.pdf

82 NMX-J-564/106-ANCE ¢ CSA C22.2 No. 253:20 ¢ UL 347 FEBRUARY 3, 2025

6.104.203 Fault interruption test preparation

Before the fault interruption test, the resistance of the contactor main circuit shall be measured in
accordance with Clause 6.4.

The test circuit described in Clause 6.104.202 shall be used for the test. In order to obtain the total rms
current specified, it will in some cases be necessary to use a larger symmetrical component than that
corresponding to the fault-interrupting rating.

The controller test circuit shall be identical to the calibration test circuit, except that the load terminals of
the controller under test, or of the drawout cubicle, shall be connected by means of bus bars or cables
having a cross-section approximately equivalent to that of the load terminals and a length as short as

practical. The

NOTE: "approxim
the load terminals|

Class E2 con
intended to beg
voltage fuse, t
characteristicq

A cotton pad at least 12.7 mm (0.5 in) thick shall completely eover any opening in a contro
erruption test. Close fitting seams and flange@joints shall not be considered ¢penings. The

short-circuit in
cotton pad sha

All doors on #
external padlo

fault shall be interrupted by the controller.

htely equivalent” means no smaller in cross-section. The shorting conductor should not’add stref
|

rollers shall be tested with fuses of the highest current rating,for which th

used. If the controller is intended to be used with more than_one type or mak
he test shall be conducted using the fuse having the highest let-through chara

Il be secured to the outside of the enclosure(so as not to be dislodged during t

he test enclosure shall be closed and:secured by their latching or fastenin
Cks or the like shall be used.

referred to are peak let-through current (l,) and ampere-squared-seconds (1%).

gth or bracing to

b controller is
e of medium-
cteristics. The

ler during the

ne test.

g means. No

The control cifcuit power may be derived ftom a separate supply source or from a transfornper connected

to the line side
6.104.204 M

Measurement
giving the vol

during and aft¢r the test\shall be prepared.

The circuit sh

of the controller.
lpasurements to be.taken during the fault interruption test

5 shall be made by oscillograph unless otherwise specified in the following par:
age and current values of the circuit and a description of the operation of

hgraphs. Data
the controller

ine voltages.

all\be tested and oscillograms shall be taken to record the three line-to-

Measurements

oftha currents-cshall ha made on tha calibration-osciloarams-at aach of the
StRe-cHHe S SHaPBe-Haae-ohthHe-caHpiatioR-0S6HogRk-mSat-8a6H-o+the

time intervals

specified in Table 8. The prospective current in each phase shall be the ac component as determined by

drawing the envelope of the current wave, measuring the peak-to-peak values at the appropriate instant,
and dividing them by 2.828, as described in Annex A, ltem 14.

Data to be rec

a) mea

orded during the test shall include the following information:

surements to be made in calibrating the test circuit:

i) open-circuit line-to-line voltages of all three phases by voltmeter or oscillograph

immediately before the fault is created; and

i) fault current in each line; and

b) measurements to be made with the controller in the circuit:
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i) line-to-line voltages (V1) of all three phases before the short-circuit is initiated;

ii) voltage (V2) between controller line and load terminals before, during, and immediately
following the fault; and

iii) currents through controller during the test.
6.104.205 Fault interruption test cycle

A Class E controller shall be subjected to a test cycle consisting of a specified number of unit operations at
stated intervals. A unit operation consists of a closing, followed immediately by an opening, of the circuit
without purposely delayed action. This operation is designated by the letters "CO", signifying closing, then
opening. Ran

'l N I} T} 1
HOUTTT SWILLTITTTY STiall VT USTU.

6.104.205.1 [For electromagnetic starters, the following test duties shall apply;

a) For

test cifcuit 1 (see Figure 1).

b) For

Figure
replac

Class E1 controllers, the test cycle shall be 3 CO unit operations at\ihtervals of

Class E2 controllers, the test cycle shall be 3 CO unit operations, utilizing test
| 1), separated by the interval required to renew the fuses and, to inspect ang
b any renewable contacts. Replacement of a vacudnm interrupter or any oth

2 min utilizing

circuits 1 (see
, if necessary,
br sealed type

interrupter shall not be permitted; however, breaking of lightly welded contacts is peripitted

6.104.205.2 |For Class E1 and Class E2 reduced-voltage solid state controllers

himum and all
equence shall

6.104.205.2.1
current sensit
be as follows:

Test circuit 2 (see Figure 2) shall betused. Ramp time shall be set at mi
vity and time delays shall be set at maximum for this test sequence. The test 3

Three operatipns shall be conducted with.a’short circuit applied to the controller as follows:

1) The controller shall rampiup to full voltage and full conduction.

2) Th
contro|ler shuts down, main power fuses open (for Class E2), or a test duration (¢
complete.

load shall then,"be shorted. The controller shall be operated in this condglition until the
f 30 cycles is

an intentional
ses (for Class

3) The test'shall be repeated twice for a total of three operations. There shall not bg
time delay between operations except to inspect for damage and replace blown fuy
E2).

6.104.205.2.2 Changing of solid state switching elements shall not be permitted, but inspection and
replacement of renewable contacts of any contactors in the controller is acceptable. Replacement of a
vacuum interrupter or any other sealed type interrupter shall not be permitted; however, breaking of lightly
welded contacts is permitted.

6.104.205.2.3 If any of the solid state switching elements is shorted during the first or second operation,
the remaining operations shall be conducted without replacement of the solid state switching elements.

6.104.205.2.4 All contactors and related wiring and bus shall be tested in accordance with the
requirements in Clause 6.104.205.1 (a) or (b), unless previously investigated as part of an E1 or E2
controller, respectively.
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6.104.205.3 For solid state resistive load controllers

6.104.205.3.1 Test circuit 2 (see Figure 2) shall be used. All current sensitivity and time delays shall be
set at maximum for this test sequence. The test sequence shall be as follows:

Three operations shall be conducted with a short circuit applied to the controller as follows:

1) The controller shall be operated at full voltage and full conduction. Actuation of the output device
to full conduction is attainable by one of the following methods of loading:

a) The connection of a load to the output terminals such that enough loading is provided to
actuate the output devices;

b) The connection of a remote circuit to each controller such that the outpyt devices are

actuated to a full conduction independent of any loading.

erminals. The
power fuses

2) Upo
control
open.

n actuation of the output devices, a short is introduced across the\output t
er shall be operated in this condition until the controller shuts down or mair

3) The
time dq

test shall be repeated twice for a total of three operations-yThere shall not bejan intentional
lay between operations except to inspect for damage.ard replace blown fuses]

6.104.205.3.2| Changing of solid state switching elements shall not be permitted, but inspection and
replacement gf renewable contacts of any contactors in the\controller is acceptable. Replacement of a
vacuum interrfipter or any other sealed type interrupter shall not be permitted; however, breaking of lightly
welded contadts is permitted.

6.104.205.3.3

the remaining

6.104.205.3.4
requirements
controller, res
based on this

6.104.206

Interrupting.performance

If any of the solid state switching-elements is shorted during the first or secq
pperations shall be conducted without replacement of the solid state switching

All contactors and related wiring and bus shall be tested in accorda
n Clause 6.104.205.1. (a) or (b), unless previously investigated as part of
pectively. The fuses\and contactors used in the controller shall be properl
brevious testing.

An electroma
reduced-volta

netie~controller shall interrupt the fault current, including any required dc
esolid state controller shall either interrupt the fault current or enter the

nd operation,
elements.

nce with the
an E1 or E2
y coordinated

omponent. A
current limit

!

a) The controller, with the exception of the operation of power circuit fuses, shall be in substantially
the same mechanical condition as at the beginning of the test as demonstrated in items (b) to (I).
Reduced- voltage solid state controllers and solid state resistive load controllers need not be
functional at the conclusion of the test.

condition. At t

eend of the tests the controller shall be in the fnllnwing caondition:

b) The controller shall pass the power-frequency voltage withstand (repeated) test. See Clause
6.2.202.4.

c) An electromechanical, electromagnetic controller shall be capable of carrying rated continuous
current at rated voltage for a limited time, but not necessarily without exceeding the rated
temperature rise. After a test cycle at or near its interrupting rating, it shall not be inferred that the
controller can again meet its interrupting rating without minor repairs such as the replacement of
contacts. In order to verify that the controller can carry its rated current, the resistance test
described in Clause 6.4 shall be performed. If the resistance exceeds 200% of the value
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determined before the interrupting test, a temperature test of the controller shall be performed in
accordance with Clause 6.5, except that the total allowable temperature rise may be increased
10°C (18°F). For the purposes of this test, thermocouples need only be placed on current-carrying
parts in the vicinity of the contact structure.

d) A controller shall perform without the emission of dangerous hot gases, flame, or oil from its
enclosure. For Class E2 controllers, the welding of contacts or shorting of solid state devices shall
not be considered a failure. For Class E2 controllers, it is not necessary for the contacts to remain
closed during the interrupting cycle.

NOTE: Emission of dangerous hot gases or flame is indicated by ignition of the cotton indicator described in Clause
6.104.203.

e) Ther3ATuse between the controtterenciosure and grounda shndlil notriave operied.

f) If sgaled interrupter contacts have welded during any of the three operatiofns,'the weld may be
broken and the test program continued. After the third CO operation, an additional JO operation in
accordance with the overload test in Clause 6.103 shall be successfully\performed| Following the
CO operation, the interrupter shall pass the power-frequency voltage_withstand test (repeated)
described in Clause 6.2.202.4.

g) The| cotton indicator described in Clause 6.104.203 shall not ignite.
h) Corpponents containing oil shall not rupture so as to permit loss of oil.

i) The|door or cover shall not be blown open duringthe test, and it shall be possitfle to open the
door qr cover in the intended manner at the conelusion of the test. In the case pf a Class E2
controller in which the contactor contacts have welded, opening in the intended manper is intended
to incllide defeating the interlock mechanism.inraccordance with the manufacturer’s instructions.

j) The |solating means of a controller shall'be capable of being opened in its intended{manner at the
concldsion of the test. In the case of'a’Class E2 controller in which the contactor [contacts have
weldedl, opening in the intended.manner is intended to include defeating the interlock mechanism
in accordance with the manufacturer’s instructions.

k) There shall be no breakage of insulating bases to the extent that the integrity of the mounting of
live pafrts is impaired.

I) Neitiher end of asmedium-voltage fuse shall be completely ejected from the mounting means, and
no lingd end of amedium-voltage fuse shall bridge from its mounting means to dead njetal.

6.105 Verification of operating limits and characteristics of overload relays

[Vacant]

6.106 Verification of coordination with SCPDs
[Vacant]

6.107 Electrical endurance tests

[Vacant]

6.108 Motor switching tests

[Vacant]
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6.109 Capacitive current switching tests

Clause 4 of Annex A, item 25 is applicable with the following modifications as set out in Clauses 6.109.1 to

6.109.10.

NOTE: References to circuit-breakers will apply to contactors for this standard.

6.109.1 Applicability

Only capacitor bank (single or back-to-back) current switching tests are applicable.

The values of rated capacitive switching currents shall be given by manufacturer.

6.109.2 Gengral

Tests for cappcitor switching shall be performed according to Clause 4 of Annex A,

equipment is dlassified according to its restrike performance during this test.

Re-ignitions dIring the capacitive current switching tests are permitted. Two classes are defi

to their restrike performances:

a) clasp C1: low probability of restrike during capacitive current breaking as demon

type tegts.

tem 25. The

ned according

strated by the

b) clasg C2: very low probability of restrike during €apacitive current breaking as demonstrated by

type tegts.
6.109.3 Characteristics of supply circuits
Clause 4.5 of Annex A, item 25 is applicable.
6.109.4 Earthing of the supply circuit
Clause 4.5 of Annex A, item 25 is"applicable.
6.109.5 Characteristics-of the capacitive circuit to be switched

Clause 4.5 of Annex-A, item 25 is applicable.

6.109.6 Waveform of the current

Clause 4.6.3 of Annex A, item 25 is applicable.
6.109.7 Test voltage

Clause 4.5 of Annex A, item 25 is applicable.
6.109.8 Test current

The values of capacitive switching test currents shall be given by manufacturer.
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6.109.9 Test-duties

Clause 4.8.5 of Annex A, item 25 is applicable with the following modifications.

Only test-duties BC1 and BC2 and test conditions for class C2 are applicable for this standard.
6.109.9.1 Test conditions

6.109.9.1.1 Test-duties for Classes C1 and C2

Clause 4.8.5 of Annex A, item 25 is applicable with the following modifications.

No preconditipning test is necessary.
It is not required to reverse terminal connections between test-duty 1 (BC1) and test-duty 2 (BC2).
6.109.9.1.2 [Three-phase capacitor bank (single or back-to-back) current switching teists

Clauses 4.5.4and 4.6.2 of Annex A, item 25 is applicable with followingmmodification.

If the opening|time of the device prevents accurate control of contact separation, the requirement for either
the closing angle and/or the minimum arcing times may be ignored.

6.109.9.1.3 BSingle-phase capacitor bank (single or.back-to-back) current switching tests
Clauses 4.5.3 and 4.6.3 of Annex A, item 25 is applicable with following modification.

If the opening|time of the device prevents accurate control of contact separation, the requirement for either
the closing arlgle or/and the minimum arcingtimes may be ignored.

6.109.10 Crjteria for classification
6.109.10.1 Class C1

The device shall havesuccessfully passed the tests if no more than five restrikes occurréd during test-
duties 1 (BC1)) and 2 (BC2) conditions given in Clause 6.109.9.1.1.

6.109.10.2 Class C2

The device shall have successfully passed the tests if no restrike occurred during test-duties 1 (BC1) and
2 (BC2) conditions given in Clause 6.109.9.1.1.

If one restrike occurred during the complete test-duties 1 (BC1) and 2 (BC2), then both test-duties shall be
repeated on the same apparatus without any maintenance. If no additional restrike happens during this
extended series of tests, the device shall have successfully passed the tests. External flashover and
phase-to-ground flashover shall not take place.

6.109.201 Data required with capacitive current switching type tests:
The following data shall be recorded:

a) test voltage, in kV;
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b) brea

king current in each phase, in A;

¢) making current in each phase, in kA;

d) frequency of making current for the test circuit;

€) peak values of the voltage between phase and earth, in kV:

1) supply side of controller;

2) load side of controller;

f) number of restrikes (if any); shall be noted;

g) arcir
h) clos
i) makeg
j) open
k) behg

I) cond

6.201 Switc

6.201.1 Gen

A controller er]

A, Item 20, u
subjected to 2

An isolating m
interlocked to
shall be subje
full load.

This test shall

g time in ms;

ng time, in ms;

time, in ms;

ng time, in ms;

vior of controller during tests;

tion after tests.

ning capacity test — isolating means

eral

nploying an isolating means other, than a full-load interrupting switch complying with Annex

sed to interrupt only the magnetizing current of CPTs and voltage transforn
b close-open operations of'the'isolating means with the transformers unloaded

eans other than a full-load interrupting switch complying with Annex A, Item
prevent opening,when the CPT and voltage transformers are providing sec
Cted to 25 close-open operations of the isolating means with the transformer

be conducted at each rated frequency.

hers, shall be

PO, that is not
bndary power
5 operating at

The voltage f

por.this test shall be 110% of the transformer primary voltage rating. The¢ control and

instrument transformers to be used for this test shall be selected as follows:

a) The transformers shall have the largest magnetizing current of all transformers intended to be
used in the motor controller.

b) The transformer primary voltage rating shall be the highest of all transformers intended to be
used in the motor controller.

If both of the above characteristics are not attainable in a single transformer, two tests shall be conducted,
one test using a transformer which has the largest magnetizing current, and a second test with a
transformer having the highest primary voltage rating. A single test may be performed using a special test
transformer or equivalent load having the same characteristics as the transformers mentioned above.
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The controller structure and enclosure shall be connected to ground through a 3 A or smaller fuse of

appropriate v

oltage rating.

6.201.2 Evaluation

At the conclusion of the test, the fuse shall not have opened and the controller shall be capable of
continuing the test program without servicing or replacement of parts.

6.202 Short-time capability

6.202.1 Ele

A controller s

current for 3(

requirements
given in Clau
be no repair
necessary fo

ctromagnetic controllers

s. Upon completion of the short-time capability test, the controller shall’cq
of the temperature test given in Clause 6.5 and the power-frequency voltage
e 6.2.202. Between the short-time capability test and the temperature rise

the removal of shunts or replacement of dummy fuses with line fuses. 4

t
or replacement of parts on the device, and the device shall hot be operi

pall carry a current of 15 times rated continuous current for 1 s and 6 times raled continuous

mply with the
withstand test
st, there shall
ed except as

\ contactor or

disconnecting means may be tested separately.

For Class EZ controllers, the overload current elements and the power circuit fuses shall be shunted
during these tests.

itrated that the
The contacts
in the closed position, prior to the initiation of current flow and during cyirrent flow, by
operating coil at its rated voltage.

In conducting|this test, any convenient test voltage may be,used, providing it can be demons
required currg¢nt was caused to flow through all poles.simultaneously for the required time
shall be held
energizing the

Tests shall bg
higher freque

conducted at a frequency not'less than the highest rated frequency. Tests gonducted at a

hcy shall be considered representative of lower frequency ratings.

The sequence in which the tests at 15 and 6 times rated continuous current are conducted is
and the samgle may be cooled-{6;:ambient temperature between tests. The sample shall b{
the same manner as required-forthe temperature test.

not specified,
b connected in

6.202.2 Sol|d state controllers

6.202.2.1 Reduced-voltage solid state controllers

All portions of the controller shall be tested in accordance with Clause 6.202.1 and the following:
The solid state switching elements of the controller shall be tested as follows:

a) Any user adjustable current limit settings shall be at maximum. If there are no user adjustable
settings, tests shall be conducted at the maximum factory setting.

b) The controller shall be started and allowed to ramp up to the fully on condition. A load of 15
times rated continuous current shall then be applied to the controller via a suitable switching
means. The load shall remain applied for 1 second, unless the controller takes some action to
prevent conducting 15 times rated continuous current (such as a trip, bypass, or an action that
limits the current). If the controller takes such an action, the circuit shall be continuously applied
until ultimate results are obtained.
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6.202.2.2 Sqlid state resistive load controllers
All portions of the controller shall be tested in accordance with Clause 6.202.1 and the follow

The solid statgq switching elements of the controller shall be tested as follows:

6.202.3 Con(ditions of controller after test

At the conclusjon-of the test, the structure shall be in substantially the same mechanical cond

c) The test described in (b) shall be repeated, except the controller shall be started and ramped into

the load of 15 times rated continuous current.

d) The controller shall be started and allowed to ramp up to the fully on condition. A load of 6 times
rated continuous current shall then be applied to the controller via a suitable switching means. The
load shall remain applied for 30 seconds, unless the controller takes some action to prevent
conducting 6 times rated continuous current (such as a trip, bypass, or foldback action). If the
controller takes such an action, the circuit shall be continuously applied until ultimate results are

obtained.

e) The test described in (c) shall be repeated, except the controller shall be started an
the load of 6 times rated continuous current.

d ramped into

a) Any|user adjustable current limit settings shall be at maximum> If there are no u
settings, tests shall be conducted at the maximum factory setting.

b) If thg controller has a ramp function, the controller shall\be started and allowed to 1
fully onf condition. A load of 15 times rated continuous.current shall then be applied to
via a sliitable switching means. The load shall remain applied for 1 second, unless
takes gome action to prevent conducting 15 times rated continuous current (such as

or an action that limits the current). If the céntroller takes such an action, the ¢
contindously applied until ultimate results ar&’ obtained.

c) If the controller has a ramp functien, the test described in (b) shall be repeate
controller shall be started and rampéd-into the load of 15 times rated continuous currg

d) For controllers without a ramp/function, the controller shall be caused to operate
15 timgs rated continuous_current. The load shall remain applied for 1 second, unless
takes gome action to prevent conducting 15 times rated continuous current (such as
or an action that limits the current). If the controller takes such an action, the ¢
continyously applied\until ultimate results are obtained.

ber adjustable

amp up to the
the controller
the controller
b trip, bypass,
rcuit shall be

d, except the
nt.

with a load of
the controller
b trip, bypass,
rcuit shall be

ition as at the

beginning of the test, and the assembly shall comply with the requirements of the temperature rise test in
Clause 6.5 and the power-frequency voltage withstand test described in Clause 6.2.202.

NOTE: "substantially the same mechanical condition" is determined in accordance with Clause 6.2.202.4.

6.203 Driven rain test

6.203.1

General

This test is intended to simulate rain driven by a 29 m/s (65 mph) wind.
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6.203.2 Test method

The enclosure to be tested shall be fully equipped and complete with all appurtenances, such as roof
bushings, conduits, busways, and the like, and mounted in the intended manner in the area to be supplied
with artificial precipitation. For multiple-unit construction, a minimum of two units shall be used to test the
joints between units, including a roof joint.

The tightening torque for rigid conduit threaded into the opening in the enclosure shall be in accordance
with Table 11.

The artificial precipitation shall be supplied by a sufficient number of nozzles to produce a uniform spray
over the entire surface or surfaces under test. The various vertical surfaces of an enclosure may be tested
separately or ollectively, provided that a uniform spray is simultaneously applied to both of the following:

a) the foof surfaces, from nozzles located at an appropriate height; and

b) the [floor outside the enclosure for a distance of 1 m (3 ft) in front of'the surface yinder test with
the enflosure located at its normal height above the floor level.

The nozzles Wised for this test shall deliver a square-shaped spray pattern with uniform spray distribution
and shall have a capacity of at least 450 ml/s (7.1 gal per min) at41.4 N/cm? (60 psig) pfessure, and a
spray angle of approximately 75 degrees. The centerline of the nozzles shall be inclined downward so that
the top of the ppray is horizontal as it is directed towards the vertical and roof surfaces being|tested.

The pressure| at the nozzles shall be a minimum of 44:4:N/cm? (60 psig) under flow conglitions. This is
approximately equivalent to rain driven by a 29 m/s (65 mi per h) wind. The quantity of water applied to
each surface under test shall be at least 0.5 cm (0;2\in) per unit surface per minute, and each surface so
tested shall rgceive this rate of artificial precipitation for a duration of 5 min. The spray nozzle shall not be
more than 3 m (10 ft) from the nearest verticallsurface under test.

6.203.3 Evdluation

At the conclysion of the test, an\'enclosure marked "rainproof" shall be considered to [have met the
requirements of this test if:

a) no water is visibly*observable on primary or secondary insulation;

b) no water_is visibly observable on any electrical components or mechanisms of the assembly;
and

¢) no significant accumulation of water is retained by the structure or other noninsulating parts (to
minimize corrosion).

At the conclusion of the test, an enclosure marked “Raintight” shall be considered to have met the
requirements of this test if there is no entrance of water.

6.204 Mechanical tests of viewing panes

6.204.1 General

Viewing panes shall not shatter, crack or become dislodged when subjected to the impact and pressure
tests described in Clauses 6.204.2 and 6.204.3. The impact and pressure tests shall be applied to the

outside surface of the viewing pane. The inside surface of the viewing pane need not be tested. Separate
samples may be used for each of the tests.
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6.204.2 Pressure test

A force of 890 N (200 Ibf) shall be exerted perpendicular to the surface in which the viewing pane is
mounted. This force shall be evenly distributed over an area of 0.010 m? (16 in?), as nearly square as
possible and as near the geometric center of the viewing pane as possible. If the viewing pane has an
area less than 0.010 m? (16 in?), a force of 12.5 psi (86 kPa) shall be evenly distributed over the entire
viewing area. The force shall be sustained for a period of 1 min.

6.204.3 Impact test

The viewing pane shall be subjected to an impact of 6.8 N-m (5 ft-Ibf) using a steel ball weighing
approximately 0.535 kg (1.18 Ib) and approximately 50 mm (2 in) in diameter. If the viewing panes are

provided with
except when
such a protec
dislodged and
dislodged.

6.205 Enclo
Exposed dead

grounding po
requirement n

6.206 Shutter integrity test

Any shutter ag
90 N (20 Ibf) f
the test, the s

F pivoting or hinged, non-removable protective cover, which by design iscal

erforming thermal inspections, this test may be performed with the cover,in
ive cover is provided, this test will shall be considered passed if the protectivi
does not shatter or crack, even though the viewing pane may be\shattere

sure ground integrity test

-metal parts shall be tested to carry 30 A dc with a voltage drop of not more t
nt provided. Any bolted joint design that has{been previously verified
bed not be retested.

sembly provided in accordance with(Clause 5.11.202.2 shall withstand the a
brce using a 12.7 mm (0.5 in) square metal bar at any point on the shutter. DU
nutter shall not be dislocated to.the extent that permits entry of a rod having

ivays in place
place. When
e cover is not
d, cracked or

nan 3V to the
to meet this

pplication of a
ring and after
a diameter of

12.7 mm (0.5 in).

6.207 Rod entry test

This test is comducted to determine accessibility of live parts.

When live parts are les§:than 102 mm (4 in) from an opening, this test shall be made by
insert a rod haying a.diameter of 12.7 mm (0.5 in).

attempting to

When live parfsiare’ 102 mm (4 in) or more from an opening, this test shall be made by attem
a rod having a diameter of T9 mm (0.751n).

pting to insert

The equipment complies with these requirements if the rod cannot enter the opening.
6.208 Operation tests for all solid state controllers

6.208.1 General

6.208.1.1 During each of the operation tests specified in Clauses 6.208.2 through 6.208.5, the
equipment shall be mounted as described in the manufacturer's installation instructions. The equipment
shall be connected and operated as described in the Temperature Test, Clause 6.5 with the test conducted
at rated voltage.
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6.208.1.2 To assess the risk of electric shock, a 30 Ampere nontime delay ground fuse shall be
connected, by means of a 1.22 — 1.83 m (4 — 6 ft) long 10 AWG (5.26 mm?) copper wire, in accordance
with one of the following:

a) The ground fuse shall be connected between the enclosure and earth ground, with the main
input ground connection removed; or

b) The ground fuse shall be connected between the enclosure and the main input power terminal
judged least at risk of arcing to earth ground, with the main input ground connection removed. For
3-phase equipment, the main input power terminal judged least at risk of arcing to earth ground is
the L2 terminal.
6.2081.3 T 8
(A.1.C.) rating

pting Current

equal to or greater than the short circuit rating of the equipment.

6.208.1.4 Ta
joints, and sir
may be omittg

assess the risk of fire, surgical cotton shall be placed at all openings, hapdles, flanges,
hilar locations on the outside of the enclosure. At the option of the ymanufactyrer, the cotton
d from the test if all the following conditions are met:

a) Ven
within

tilation openings in the enclosure are located 30.38 cm (12.in)"0r more from ar
the equipment that could be affected by the test;

y components

b) There is no visible flame, smoke, or arc emitted from the equipment during the tesf; and

c) At { nination of the

equipn

he conclusion of the test, the equipment is €ully functional and visual exan|
nent reveals no evidence of any arcing bypraducts within the equipment.
In the event be considered
inconclusive,

that there is any doubt of compliance*with item (b) or (c), the test may
and the test repeated with the cotton'in place to determine compliance.

6.208.1.5 U
Ultimate resu
protection cirg

6.208.1.6 U

nless otherwise noted, each/test shall be conducted until ultimate results
ts have been obtained when the test is terminated by a protective device
uitry, or until temperature-rises are considered constant as defined by Clause ¢

bon completion (of)'each of the operation tests, the equipment shall co

are obtained.
or solid state
5.5.3.205.

mply with the

acceptance cfiteria of Clause.61208.5.

6.208.2 Single phasing (applies only to solid state resistive load controllers)

6.208.2.1 Three~phase equipment provided with phase loss protection shall be operateq with one line
disconnectedwwa&wdwmkm_beﬁma to which any
protective devices are the least responsible. The test shall be conducted by disconnecting one line with
the equipment delivering any convenient current to a load at maximum rated voltage and shall be repeated
by initially energizing the device with one lead disconnected. The output of the equipment shall be
monitored during this test, and the test shall not result in a single phase output for more than 30 seconds.

6.208.3 Inoperative blower motor

6.208.3.1 Equipment having forced ventilation shall be operated at rated load with inoperative blower
motor or motors until ultimate results are obtained.

6.208.4 Clogged filter

6.208.4.1 Enclosed equipment that uses forced ventilation that includes filtered ventilation openings
shall be operated with the openings blocked to represent clogged filters. The test shall be conducted
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initially with the ventilation openings blocked approximately 50 percent. The test shall then be repeated

under a fully b

locked condition until ultimate results are obtained.

6.208.5 Acceptance criteria

6.208.5.1

of the following:

a) The

fuse specified in Clause 6.208.1.2 shall not have opened;

At the conclusion of the tests in Clauses 6.208.1 — 6.208.4, the equipment shall comply with all

b) If cotton is used as specified in Clause 6.208.1.4, the cotton shall not glow or flame. If cotton is
not used, the equipment shall comply with items (a), (b) and (c) of Clause 6.208.1.4;

c) The
d) The

e) The

6.20852 W
conclusion of
equipment sha

6.209 Grour

6.209.1 Gen

A grounding s
prove its abilit
This is a comb
may be either

The grounding
less than the

time withstand
time withstand

The tests shal

6.209.2 Test

foor or cover shall not have blown open;

door or cover shall be able to be opened; and

nen tests include the use of the cotton indicator, the equipment need not be fu
the operation tests. If the alternate method described (in Clause 6.208.1.4
Il be fully functional at the conclusion of the tests.

ding switch peak closing and short-time withstand current test
eral

itch that has peak closing and short<time withstand ratings shall be subjecte]
to close into the rated peak closing current and to carry the short-time withs

60 Hz or 60 Hz.

switch shall be connected to a source having a prospective peak current, in g
ated peak closing ‘eurrent and average symmetrical currents no less than th
current of the grounding switch. The current duration shall not be less than th
duration.

be made)in accordance with Clauses 6.209.2 to 6.209.5.

circuit

enclosure is not prohibited from deforming, however, live parts shall’'not be acg

essible.

hctional at the
| is used, the

d to testing to
tand currents.

ined test. This test shall be performed at the rated peak making voltage. The {est frequency

ne phase, no
e rated short-
e rated short-

The test circuit shall be as shown in Figure 11.

The test source circuit may be ungrounded or neutral-grounded and include current-limiting reactors,
resistors, and transformers in addition to the generating system. No capacitance shall be added in the
circuit. Reactive components of the impedance in the line may be paralleled if of the air-core type, but no
reactance shall be connected in parallel with resistance. Shunt resistance shall not be added to this circuit.
If the source is ungrounded, a ground shall be connected to the shorting conductors.

The grounding switch be tested as part of a controller or in a representative test enclosure. Regardless of
whether the switch is in a controller or not, the test circuit shall be calibrated with a short circuiting
conductor applied at the incoming terminals of the grounding switch assembly.
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Grounding switches with integral shorting conductors on the grounded side of the switch shall be tested
with the integrated shorting conductors.

For grounding switches without integral shorting conductors on the grounded side of the switch, the
shorting conductors used during the test shall have a cross-sectional area equal to what is intended to be
used in the application. The sum of the lengths of the individual shorting conductors shall not exceed 1 m
(3 ft) in total length. The cross-sectional area or cable size of the shorting conductors used shall be
recorded in the test record.

6.209.3 Test procedure and cycle

The test circuit shall be identical to the calibration test circuit, except that the ground side terminals shall
be shorted.

Grounding switches with integral shorting conductors on the grounded side of the ‘switch shall be tested
with the integrated shorting conductors.

For grounding switches without integral shorting conductors on the grounded side of the switch, the
shorting conductors used during the test shall have a cross-sectional area‘€qual to what is jntended to be
used in the application. The sum of the lengths of the individual shorting’conductors shall not exceed 1 m
(3 ft) in total|length. The cross-sectional area or cable size of ghé shorting conductors |used shall be
recorded in thie test record. For this testing, random closing shalkbe'Used.

The switch shall be subjected to 5 make and withstand operations as follows:

The test circujt shall be energized, and the switch clased into the energized circuit and maintained closed.
The current shall be maintained for at least the rated withstand time. At the end of this time the test source
shall interrupt the current flow. The switch shall then be opened without load. Switch contagts shall not be
welded.

The time between these operations shall'not be greater than 1 hour.

6.209.4 Test Measurements

Measurements shall be made by oscillograph unless otherwise specified in the following pafagraphs. Data
giving the volfage and current values of the circuit and a description of the operation of thg switch during
and after the fest shall be prepared.

The circuit shall)be tested and oscillograms shall be taken to record the three line-totline voltages.
Measurements of the currents shall be made on the calibration oscillograms.

Data to be recorded during the test shall include the following information:

a) Measurements to be made in calibrating the test circuit:

i) Open-circuit line-to-line voltages of all three phases by voltmeter or oscillograph
immediately before the fault is created; and

ii) Fault current in each line; and
b) Measurements to be made with the switch in the circuit:

i) Line-to-line voltages (V1) of all three phases before the short-circuit is initiated;
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ii) Voltage (V2) between switch line and load terminals before, during, and immediately
following the fault; and

iii) Currents through switch during the test.
6.209.5 Evaluation
At the conclusion of the test, the switch shall be functional and in substantially the same mechanical
condition as prior to testing. The switch contacts shall not be welded. The shorting conductors shall not be

damaged.

With the grounding switch open, the load side of the controller (or the line terminals of the switch, if tested
separately) shpll pass the power frequency voltage withstand (repeated) test in Clause 6.2:2(02.4.

With the grounding switch closed, each pole shall be tested to carry 30 A dc with @) voltage drop of not
more than 3 V[to the grounding point provided.

7 Routine Tests
7.1 Power-flequency voltage withstand test on the main circuit

A power-frequency voltage withstand test shall be applied. The\test shall be made according to Clause
6.2.202 on conpletely assembled apparatus in clean and dry-conditions, except the test vdltage shall be
2000V + (2.2p x rated supply voltage).

e shall be applied between each phase of the power circuit and ground ith the other
ed and the controller contacts both.@pen and closed. The control circuit shal|l be grounded
for this test.

For convenience of testing, the duration may be reduced to 1 s if the test voltage is raised tp 120% of the
value specified for the 1 min test.

7.2 Power-flequency voltage-withstand test on auxiliary and control circuits

A power-frequency voltage\withstand test shall be applied. The test shall be made according to Clause
6.2.202 on completely assembled apparatus in clean and dry conditions at the test voltage specified in
column 2 of Tgble 1.

Points of appl|cation shall be between the control circuit and ground with the control circui{ ungrounded.
Devices that can be damaged by this test may be disconnected.

For convenience of testing, the duration may be reduced to 1 s if the test voltage is raised to 120% of the
value specified for the 1 min test.

7.3 Measurement of the resistance of the main circuit
[Vacant]
7.4 Tightness test (vacuum integrity test)

After assembly of a vacuum contactor, the vacuum integrity of the vacuum interrupters shall be verified by
a power-frequency withstand voltage test across the open contacts. The test procedure shall be stated by
the manufacturer. The power-frequency withstand voltage test shall be carried out after routine operating
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tests. Care shall be taken not to apply a test voltage across the open contacts of a vacuum interrupter that
exceeds the manufacturer’s recommendation, to avoid generating harmful X-rays.

NOTE: For further information, see Annex A, Item 17.
7.5 Design and visual checks

[Vacant]

7.101 Operating tests

Tests are carried out to verify that the contactors open and close correctly when their operating devices
are energized. It shall also be verified that operation will not cause any damage.

The following|tests shall be done where applicable:

a) at rated supply voltage: five operating cycles;

b) for |atched controllers only, at rated supply voltage: five operating cycles with a [tripping circuit
energiged by the closing of the main contacts;

c¢) aux|liary control and timing relays shall be operated to/verify functionality in accorflance with the
contro| diagram; and

d) prdtective relays (e. g., overload relays) shall be operated to verify openifpg of the line
contadtor(s), except as permitted by Clause 5.203(c).

The tests may be made without current passing through the main circuit.

During all the|foregoing routine tests, no adjustments shall be made, and the operation shall be faultless.
The closed and open positions shall be.attained during each operating cycle.

After the tests, the controller shallibe examined to determine that no parts have sustained damage and
that all parts gre in a satisfactory condition and all interlocks continue to perform their intend¢d function.

7.102 Tests/dependent.on controller type

7.102.1 For|rheostatic rotor starters

[Vacant]
7.102.2 For two-step autotransformer controllers

Tests shall be performed to verify the proper operation of time-delay relays and the calibration of any other
devices used for controlling the rate of starting.

It shall be verified that the open-circuit voltages on the tap terminals of the autotransformer are in
accordance with the design figures and that the phase sequence at the motor terminals is correct in both
STARTING and RUN positions of the controller.
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7.102.3 For two-step reactor starters

Tests shall be performed to verify the proper operation of time-delay relays and the calibration of any other
devices used for controlling the rate of starting.

It shall be verified that the impedance of the tap terminals of the reactor is in accordance with the design
figures and that the phase sequence at the motor terminals is correct in both the STARTING and RUN
positions of the controller.

7.201 Routine tests — general

The routine tests are for the purpose of ensuring the quality and workmanship of the products as
assembled. They do not impair the properties and reliability of a test object. The routinge, tests shall be
made wherever reasonably practicable at the manufacturer’'s works on each apparatus manufactured,
including any [control center busing, to ensure that the product is in accordance withthe quipment on
which the typel tests have been passed. By agreement, any routine test may be made on site
Additional roufine tests may be specified.
TABLES
Table 1
Rated insulation levels for rated voltages
(See Clauses 4.2,6.2.201.1 — 6.2.201.3, 6.2:202.1 — 6.2.202.4, 6.2.203.2, and 7.2)
Rated short-duration power-frequency withstand Rated lightning impulse Minimum
voltage Uy withstand voltage, U, CEV®
kV (peak value
Rated voltage, Vims (o ) kVrms
U, Test voltage Test voltage
across the
isolating
Across the Test voltage distance of
isolating Test voltage common the isolating
Vims Common value distance repeated value means
Column 1 Column'2 Column 3 Column 4 Column 5 Column 6 Column7
0-750 1 000" VA+ (2 x 100% of Not applicable Not applicable | Not applicable | Not applicable
rated voltage) common value
751-1500 || 2000V +(2.25 x 110% of 2 x rated voltage 10° 11° Not applicable
rated voltage) common value b b
ZU L
1501 -3600 2000V +(2.25 x 110% of 2 x rated voltage 30° 33? Not applicable
rated voltage) common value 45 50
3601 -7 200 2000V +(2.25 x 110% of 2 x rated voltage 452 502 Not applicable
rated voltage) common value 60 66
7201-12000 | 2000V + (2.25 x 110% of 2 x rated voltage 602 702 8.3
rated voltage) common value 75 85
12001-15000 | 2000V + (2.25 x 110% of 2 x rated voltage 75° 85?2 10.5
rated voltage) common value 95 10
@ These ratings are not applicable in Mexico.

Table 1 Continued on Next Page
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Table 1 Continued
Rated short-duration power-frequency withstand Rated lightning impulse Minimum
voltage Uy withstand voltage, U, CEV®
Rated voltage, Vems KV (peak value) kvrms
U, Test voltage Test voltage
across the
isolating
Across the Test voltage distance of
isolating Test voltage common the isolating
Vims Common value distance repeated value means
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column7
P These ratings are not applicable in Mexico or the United States.
¢ Corona extinctfon voltage
NOTE: Manufacturers may assign one of two levels of impulse voltage withstandability. For additional infermation, fefer to Annex A,
Item 18.
Table 2
_imits of temperature and temperature rise for various parts and materials
(See Clauses 4.4.2,4.4.101, 6.5.5.201.1, and6.5.6)
Temperature, Rise,
Category Part, material, or place of temperature measurements °Cc °C|
1 Insplated wire and cable (e =)
2 Fie|d-wiring terminals®f 90 50
3 Clgss 90 insulation systems:
Thermocouple method 90 50
Resistance method 110 70
4 Buses and connecting straps®® 105 65
Clgss 105 insulation systems:
Thermocouple method 105 65
Resistance method 125 85
6 Clgss 130 insulation systems:
Thermegcouple method 125 85
Resistance method 145 104
7 Cldss 155 insulation-systems:
Thermocouple method 135 95
Resistance method 155 115
8 Class 180 insulation systems:
Thermocouple method 165 125
Resistance method 200 160
9 Class 200 insulation systems:
Thermocouple method 175 135
Resistance method 195 155
10 Class 220 insulation systems:

Table 2 Continued on Next Page
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Table 2 Continued

Temperature, Rise,
Category Part, material, or place of temperature measurements °Cc °Cc
Thermocouple method 190 150
Resistance method 215 175
11 Class 240 insulation systems:
Thermocouple method 205 165
Resistance method 235 195
12 Class 105 insulation system on single-layer series coil with 130 90
exposed surfaces either uninsulated or enameled, thermocouple
method
13 Pheholic composition® 165 125
14 Statting autotransformers and reactors g g
15 Conductive parts of a switch
Silver or nickel-plated 105 65
Silver or nickel-plated to bare copper 90 50
Bare copper to bare copper 70 30
16 Extgrnal surfaces:
Accessible parts normally handled by the operator 60 20
Accessible surfaces not normally handled by the operatof: 70 30
External surfaces not normally accessible to the operator 110 70

@ The limitation o phenolic insulation does not apply to compounds, that have been investigated and found to have gpecial heat-
resistant properties.

b For standard ingulated conductors see Annex A, ltem 1; the.maximum allowable temperature rise shall not exceed the maximum
operating temperature specified for the wire in question minus an assumed ambient (room) temperature of 40°C.
¢ The temperaturg on a wiring terminal or lug is measured at the point most likely to be contacted by the insulation df a conductor
installed as in acfual service.

9 The limit does rfot apply to connections to a sdurce of heat, such as resistors, current elements of overload relays) contacts,
fuses, and the likp.

¢ The temperatur rise of buses and conneeting straps shall be determined by the thermocouple method.
fThe temperaturg rise of field wiringférminals shall be determined by the thermocouple method.

9 Because, in an putotransformer.or feactor starter, the autotransformer or reactor is energized only intermittently, almaximum 15°C
temperature rise greater than thelimits stated for the insulation class is permissible for the windings of the transformer or reactor
when the starter {s operated according to the requirements of Clauses 4.109 and 4.204.

Tahlae 2
Iﬂ”le J

Size of bonding, equipment grounding, grounding electrode conductors, and ground bus®

(See Clauses 5.3.202 and 5.3.203)

Size of equipment grounding or Size of grounding electrode
bonding conductor, minimum conductor, minimum (AWG or Size of main bonding jumper,
. (AWG or kcmil) kcmil) minimum (AWG or kcmil)
Maximum
ampere rating® Copper Aluminum Copper Aluminum Copper Aluminum
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7
15 14° 12° - - - -
20 120 (14) 10° (12) - - - -

Table 3 Continued on Next Page
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