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1 Scope and Object

1.1 Scope
1.1.1

1.1.1.1

General

This standard applies to isolating equipment incorporating electromechanical contactors

remotely controlled and monitored to provide remote isolation status indication with a defined integrity
level. This equipment is intended for use as an additional isolating means on the load side of the required
supply-disconnecting device and over current protection. This standard applies to isolating equipment that

is to be used

in circuits of which the rated voltage does not exceed 1000 Vac or 1500 Vdc.

1.1.1.2 Thsg
prevention o
electric shoc

1.1.1.3 Thi
70 and the E

Note — Refereng
5.5.4(3), Devicq
79:2012; and ir
Requirements, |

1.1.1.4 Thsg
motion contr

system isolation equipment is expected to be used both as a means for removsa

by ensuring the removal of electrical energy.

5 equipment is intended for installation in accordance with the Natienal Electrica
ectrical Standard for Industrial Machinery, NFPA 79:2012.

e to System Isolation Equipment is found in Article 430.109(A)(7) of the(National Electrical Code NH
s for Disconnecting (lsolating) Electrical Equipment, of the Electrical Standard for Industrial N
Clause 5.3.2(d) of the Standard for Safety of Machinery — Eléctrical Equipment of Machines —
FC 60204-1.

System lIsolation Equipment is not intended to fulfill the function of a motor st
bl device.

1.1.2 Systém isolation equipment

1.1.2.1 Tygical application

11211 T
where, isola

ne system isolation equipment is principally intended for industrial maching
ion of power is so frequently required that the mechanical life of a typical

means is ungcceptably short orwhere there are multiple entry points on the machine where

is required,
Note — Multiple

1.2 Object

r both.

Entry points are a function of access needs and the layout of the machine.

| of power for

f unexpected start-up of a stopped machine and as an isolator to provide”protection from

Code, NFPA

PA 70; in Clause
flachinery, NFPA
Part 1: General

arter or other

applications
Hisconnecting
Hisconnection

1.2.1

The object of this standard is to state:

a) The characteristics of the system isolation equipment;

b) The conditions of operation and behavior for the system isolation equipment, its dielectric
properties, and the degree of protection provided by its enclosure where applicable;

c¢) The information to be marked on or given with the system isolation equipment;

d) The normal service, mounting and transport conditions of the system isolation equipment;

e) The construction and performance of the system isolation equipment;

f) The tests intended to verify that these conditions have been met, and the methods to be adopted
for these tests.
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2 Normative References

2.1 The following normative documents contain provisions, which, through reference in this text,
constitute provisions of this standard. For dated references, subsequent amendments to, or revisions of,
any of these publications do not apply. However, parties to agreements based on this standard are
encouraged to investigate the possibility of applying the most recent editions of the normative documents
indicated below. For undated references, the latest edition of the normative document referred to applies.

UL 60947-1
Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules

UL 60947-4-1A
Standard for| Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and .molor-starters —
Electromechgnical contactors and motor-starters

NFPA 79:201P
Electrical Stahdard for Industrial Machinery

3 Definitions

3.1 For the| purpose of this standard, the definitions of Clause<2 of the Standard for |Low-Voltage
Switchgear apd Controlgear — Part 1: General Rules, UL 6094721yand the definitions of Clause 3 of the
Standard for|Low-Voltage Switchgear and Controlgear — Part ‘4-1A: Contactors and Motpr-Starters —
Electromechgnical Contactors and Motor-Starters, UL 60947-4-1A, together with the following definitions

apply.
3.2 CONNHCTED EQUIPMENT — All circuits that-are isolated by the system isolation equipment.

3.3 MIRROR CONTACT - Normally closed auxiliary contact, which cannot be in clgsed position
simultaneous|y with the normally open main:eontact.

Note — For more|information see the Requirements for Auxiliary Contact Linked with Power Contact (Mirror Contact)| in the Standard
for Low-voltage pwitchgear and controlgear, —‘Part 4-1: Contactors and motor-starters — Electromechanical contagtors and motor-
starters, IEC 60947-4-1, Annex F. One,eentactor may have more than one mirror contact.

3.4 MONITORED CIRCUH'S — Control circuits that are designed so that their function(s) ar¢ checked for
failure continyiously or at’suitable intervals by the control system.

3.5 REDUNDANTLY MONITORED - Control circuits that are monitored through the use of multiple path
systems.

3.6 STOP CATEGORY 1 — A controlled stop with power to the machine actuators available to achieve
the stop then remove power when the stop is achieved. (Electrical Standard for Industrial Machinery,
NFPA 79:2012, Clause 9.2.2, Stop functions.)

3.7 SUPPLY DISCONNECT - Disconnecting means to remove incoming power supplied to a machine.

3.8 SYSTEM ISOLATION EQUIPMENT - Equipment packaged to provide the disconnection/isolation
function separate from the supply disconnect and capable of operation from multiple remote locations by
means of lockout switches. Each lockout switch is capable of being padlocked in the OFF (open) position.
Visual indication is provided to the operator at the respective lockout station that is in the OFF (open)
position when the power bus is isolated.
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4 Classific

41

4.1.1

ation of the System Isolation Equipment

General

This clause lists the characteristics of system isolation equipment. Information about these listed

characteristics may be given by the manufacturer but may not necessarily have to be verified by testing,
unless such requirements are indicated here or elsewhere in this document.

4.2 According to the system design with single or multiple power isolation points

421

A single power isolation is accomplished by isolating the power to multiple motors.

422 Amu
motors or oth

4.3 Accorg
4.3.1 Altho

form of moto
of motors or

tiple power isolation is accomplished by isolating the power to individual motq
er loads.

ing to the utilization category/load designation

igh the system isolation equipment is not intended to be used.as a motor starte
I control, the power components and power circuits shall be appropriate for on-I
other inductive loads of the connected equipment. The system isolation equig

and load dgsignation shall be in accordance with the Standard for Low-Voltage Sw

Controlgear
Starters, UL
construction

4.3.2 Claus

and Motor-S
following adg
a) AC
frequ
b) DC
use)
4.3.3 Only
4-1A: Contad

apply to pow

4.4 Accorg

— Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactor
60947-4-1A, Table 5.4DV.1. The utilization categery/load designation shall be
and performance requirements found in Clausé.8 and testing requirements in Cl

e 5.4 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1
arters — Electromechanical Contactars ‘and Motor-Starters, UL 60947-4-1A, ap
itions:

[-23A: Switching of alternating current motor loads or other highly inductiv
bnt use)

—-23A: Switching of thighly inductive direct current loads (e.g. series motors)

references to\contactors in the Standard for Low-Voltage Switchgear and Cont
tors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
er control.components of system isolation equipment.

4.4.1

rs, groups of

r or any other
bad switching
ment’s rating
itchgear and
5 and Motor-
based on the

ause 9.

A\: Contactors
plies with the

e loads (A

A = frequent

olgear — Part
60947-4-1A,

ing'to the required safety performance

4.5 According to the normal load and overload characteristics

4.5.1

The system isolation equipment shall be designed to meet the requirements of Clause 5.1.2.4.

Although the system isolation equipment is not intended to be used as a motor starter or any other

form of motor control, the power circuit components and power circuits shall be appropriate for carrying
normal loads and over loads and for infrequent, occasional on-load switching of motors or other inductive
loads. The classification shall reflect the limitations.

4.6 According to the method chosen to monitor the controlled load side power circuit

4.6.1

Methods:
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a) Voltage sensing method refers to measurement of the power circuit voltage on the load side of
the system isolation equipment contactor to determine whether the voltage is below a preset
threshold, or

b) Voltage grounding method refers to placing a short circuit between all ungrounded conductors to
the equipment grounding conductor on the load side of the system isolation equipment isolation
contactor to insure that voltage is not present, or

c) Alternate monitoring methods meeting the performance requirements of Clause 4.4.1 may be
used to verify that the removal of power has been achieved.

4.6.2 See Clause 5.4.

4.7 Accord|ng to the configuration limits of the lockout station locations (See Annéex-#
A.2 and Figuyre A.3)
4.7.1 The maximum number of lockout station locations and the circuit\. distance |

combinations|there of.
4.7.2 See CJause 5.6.

4.8 Accord|ng to the available machine control interface functions

4.8.1

The system isolation equipment may be configured-to'meet additional machine con
applications quch as the following:

a) Safpty related interface including both signal and feedback channels:

1) Guard door locked status signals;

2) Release signal for guard locks;

3) Signal to / feedback from — safety pneumatic control valve;

4) Signal from / feedback to — E-stop system;

5) Signal collected from E-stop devices to / feedback from E-stop system;

6) Signal‘collected from E-stop devices rapid stop signal / to machine drive con

7):Run permissive signal to machine drive control system;

\, Figure

mitations or

trol interface

trol system;

3) Zero speed signals from drive;
9) Zero voltage signals from drive;

10) Signal to machine stop.

b) Information related interface channels:

1) Lockout switch positions (open or closed);
2) System isolation equipment components status / trouble shooting aids;

3) System isolation equipment status.
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4.9 According to the reset function following restoration of power to the power circuit line

terminals

4.9.1

When power to the line side of the system isolation equipment is initiated or restored, the system

isolation equipment requires a manual reset before power can be made available to the connected

equipment.

5 Characteristics of the System Isolation Equipment (Including the Characteristics of the Self
Contained Components that are Used in the Construction of the System Isolation Equipment)

5.1 Genera

Note — Some of
series of standa

5.1.1 Cont

5111 Thsg
performance
components

Note — The reqy
Low-voltage swi
devices, IEC 60

5.1.1.2 Corn
isolation equ

5.1.1.3 The
following terr

a) T
electr

auxiliary contacts, interlocking contacts, control circuit contacts);

b) Ra
c) Uti

d) No

the requirements for the various components of the system isolation equipment are defined in_ partg
ds. In most cases these requirements are incorporated by reference rather than restated in this Cla

‘ol components

control circuit components shall be selected to meet the Televant con
requirements in Clause 8, Construction and performance_standards. The
shall be applied within the limits defined by their characteristics. See Clause 5.1

irements of control components selected to be used in system jsolafion equipment may be found in
fchgear and controlgear — Part 5-1: Control circuit devices and switching elements — Electromechan
D47-5-1 and the Standard for Industrial Control Equipment, UL '508.

trol circuit components shall be evaluated(n-order to determine their suitability
pment design. See Clauses 5.1.2.4 and\8.2.9.

characteristics of control circuit devices and switching elements should be ev
ns, where applicable:

ype of equipment (e«g>>kind of control circuit device: manual cont
pmagnetically operated ‘control switches, indicator lights and kind of switch

ed and limiting(values for switching elements (see Clause 5.1.1.4);
ization categories of switching elements (see Clause 5.1.1.10);

rmal and abnormal load characteristics (see Clause 5.1.1.9);

of the UL 60947
se.

struction and
control circuit
1.3.

the Standard for
cal control circuit

in the system

bluated in the

ol switches,
ng elements:

e) Sw

itchina over-voltages (see Clause 51 1. 11):
J J \ Py

f) Dur

ability for the application (see Clause 8.3.4.3).

5.1.1.4 The rated and limiting values for switching elements of a control circuit device application in the
system isolation equipment design shall be based on evaluations in accordance with Clauses 5.1.1.5 to
5.1.1.9 inclusive.

5.1.1.5 Rat

ed voltage(s) of a switching element is defined by the following:

a) Rated operational voltage (U,): Clause 4.3.1.1 of the Standard for Low-Voltage Switchgear and

Contr

olgear — Part 1: General Rules, UL 60947-1, applies;

Note 1 — A switching elements may be assigned a number of combinations of rated operational voltage and rated

operati

onal current.
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Note 2 — Control switches dealt with in the Standard for Low-voltage switchgear and controlgear — Part 5-1: Control circuit
devices and switching elements — Electromechanical control circuit devices, IEC 60947-5-1, and the Standard for Industrial
Control Equipment, UL 508, are often not intended to be used at very low voltages and they may not be suitable for such a
service. It is therefore recommended to seek the advice of the manufacturer concerning any application with a low value of
operational voltage, e.g. most applications below 100 V ac or dc.

b) Rated insulation voltage (U;): Clause 4.3.1.2 of the Standard for Low-Voltage Switchgear and
Controlgear — Part 1: General Rules, UL 60947-1, applies.

Note — The selection of dielectric insulation rating should anticipate the levels appropriate to the electrical power
components rated voltage of the system isolation equipment. For example if the machine where the system isolation
equipment is employed has other systems with rated insulation voltages up to 690 Vac, then the dielectric test voltage to
check for the proposed isolation would be 1890 V. See the Standard for Low-Voltage Switchgear and Controlgear — Part 1:
General Rules, UL 60947-1, Clause 4.3.1.2, and Table 12A.

5.1.1.6 A switching element is characterized by the following currents:

a) Copventional free air thermal current (ly): Clause 4.3.2.1 of the Stapdard for|Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

b) Conventional enclosed thermal current (l;,c): Clause 4.3.2.2 of the Standard for|Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

c) Rated operational current (l.): The first paragraph of Clause’4.3.2.3 of the Standard for Low-
Voltage Switchgear and Controlgear — Part 1: General Rules,)UL 60947-1, applies.

5.1.1.7 Ratgd frequency: Clause 4.3.3 of the Standard for*Low-Voltage Switchgear and Gontrolgear —

Part 1: Genenal Rules, UL 60947-1, applies.

5.1.1.8 Normal and abnormal load characteristics

5.1.1.8.1 R4gted making and breaking capagcities and behavior of switching elements ynder normal

conditions shall comply with the requirements given in Clause 8.3.4.2.4 and Table 8.9 and Table 8.10

corresponding to the assigned utilization.¢ategory and the requirements according to the rated operational

voltage.

Note 1 — For a spitching element to whicha utilization category is assigned, it is not necessary to specify separate]y a making and

breaking capacity.

Note 2 — A switching elemeni-uséd for the switching of small motors and tungsten filament lamp loads shall be assigned a utilization

category given |n the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —

Electromechanichl Contactors and Motor-Starters, UL 60947-4-1A, and comply with the appropriate corresponding|requirements in

that publication.

5.1.1.8.2 Making and breaking capacities of switching elements under abnormal conditions shall comply
with the requirements given in Clause 8.3.4.1.4 and Table 8.1 corresponding to the assigned utilization

category.

Note — An example of an abnormal condition of use is one where the electromagnet does not operate and the switching elements

have to interrupt

the making current.

5.1.1.9 Rated conditional short-circuit current: Clause 4.3.6.4 of the Standard for Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

5.1.1.10 Utilization categories for switching elements in the control circuits as given in Table 5.1 and
Table 8.11 are for purposes of evaluating the characteristics of control circuit devices and switching
elements when determining their suitability for a particular system isolation equipment design.
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Table 5.1
Utilization categories for switching elements
Kind of current Category Typical applications
Alternating current AC-12 Control of resistive loads and solid state loads with isolation by opto-
couplers
AC-13 Control of solid state loads with transformer isolation
AC-14 Control of small electromagnetic loads (<72 VA)
AC-15 Control of electromagnetic loads (>72 VA)
Direct current DC-12 Control of resistive loads and solid state loads with isolation by opto-
couplers
DC-13 Control of electromagnets
DC-14 Control of electromagnetic loads having economy resjstorsin circuit

51.1.11 S
Controlgear -

5.1.2 Cont
5121 In

applications
behavior of g

system isolafion equipment application control circuits will involve extended distances a simi

the wire an
predictable I
used in addr

of the system isolation equipment (Clause 8.3.8.2).

Note 1 — Cony,|
confidence leve]
Voltage Switchg
performance o
Electromechani

Note 2 — Often
development of
that component

8.3.8) of that pafticular control component application to the system isolation equipment design.

5.1.2.2 Theg
control circui

itching over-voltages: Clause 4.9 of the Standard for Low-Voltage Sw
- Part 1: General Rules, UL 60947-1, applies.

‘ol component application architecture

prder to ascertain that the control component centfacts are suitable for (
where the voltage used is below 100 V ac or dg) it is necessary to define
ontrol circuit component’s contacts within an aceeptable confidence level (see

I control circuit component’s contacts préedictable behavior shall be done.
ehavior test data or similar information,_and other evaluation data (Clause 5.1
pssing component failures (Clause 8.3:8) and the results of such failure on the

entional methods to determine the\predicted behavior of control circuit component's contacts
s may be done by using the pregise conventional testing methods such as those found in IEC
ear and Controlgear — Part 5:(Control circuit devices and switching elements — Section 4: Methods

low-energy contacts — SpeCial tests, or using a similar methodology such as found i
al Elementary Relays — Part 1 General requirements and IEC 61810-2, Part 2 Reliability.

he needed defined_pfedictable behavior test data or other similar information will nominally be ga
a particular contrel circuit component, and verified by a third party; such test data in turn may be nj
manufacturento.the system isolation equipment manufacturer. Such data could be suitable for the

tchgear and

ontrol circuit
the predicted
Note 1). If the
ar analysis of
The defined
.1.3) is to be
bverall design

ithin acceptable
60947-5-4, Low-
of assessing the
h IEC 61810-1,

hered during the
ade available by
analysis (Clause

equipments'
cation.

5.1.2.3 The parts of the system isolation equipment internal control circuits or components shall, as a
minimum, be designed, constructed, selected, assembled and combined, in accordance with the relevant
standards, using basic safety principles.

5.1.2.4 The following requirements apply for the overall design to achieve the safety performance for the
system isolation equipment.

a) In order for the system isolation equipment to achieve the required safety performance, the

system

isolation equipment shall be designed so that:

1) A single fault in any of the safety-related parts does not lead to a loss
function; and

of the safety
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2) The single fault is detected at or before the next demand upon the safety functions, such
as immediately, at switch-on, or at end of a machine operating cycle. If this detection is not

possible, then an accumulation of faults shall not lead to a loss of the safety fun

ction.

b) If the detection of certain faults is not possible, for reasons of technology or circuit engineering,
then the occurrence of further faults shall be assumed. In this situation the accumulation of faults
shall not lead to loss of the safety function.

Note — For further clarification of the methods indicated herein to achieve the required safety performance, see Safety of machinery —
Safety-related parts of control systems — Part 1: General principles for design, ISO 13849-1, including Clauses 6 and 7. The term
"well-tried component" refers to a component for a safety-related application, which has been widely used in the past with successful
results in similar applications or made and verified using principles, which demonstrate its suitability and reliability for safety-related
applications. In some well-tried components certain faults can also be excluded because the fault rate is known to be very low.

Guidance on the
62061-1:2010, p
General Principl
Electronic and H
machinery.

5.1.3 Powe

5.1.3.1 The
components
the circuits b
Electrical Sta

Note — These ov
—Part 1: Genera

5.1.3.2 Ratg

a) Rated operational voltage (U.): Cladse 4.3.1.1 of the Standard for Low-Voltage Sw

Contrg
phase

Application of ISO 13849-T and TEC 620671 in the Design of Safety-Related Control Systems for M2
ovides guidance on the application of the Safety of Machinery — Safety-Related Parts of Control’S
ps for Design, 1ISO 13849-1:2006, and the Safety of Machinery — Functional Safety of Safety<Rq
rogrammable Electronic Control Systems, IEC 62061:2005 in the design of safety related con

I components

effects of over-voltage on the continued proper function of the system isolatig
and circuits must be addressed in the design. External surge over-voltage ori
efore the supply disconnect is expected to be limjted to the conditions des
ndard for Industrial Machinery, NFPA 79:2012, Clause 4.3.2.5, Voltage Impulses

pr-voltage conditions are also described in the Standard.forSafety of Machinery — Electrical Equipm
Requirements, IEC 60204-1, Clause 4.4.2, Electromagheétic compatibility (EMC), including Notes 1

d voltage(s) of a power switching element is defined by the following:

Igear — Part 1: General Rules, UL 60947-1, applies with the following additio
circuits, U, is stated as rms.voltage between phases;

c)

ed insulation voltage. (U;): Clause 4.3.1.2 of the Standard for Low-Voltage Sw

ding to Clause

8.2.6.1.

chinery, IEC TR
stems — Part 1:
lated Electrical,
rol systems for

n equipment
pinating from
cribed in the

ent of Machines
And 2.

itchgear and
ns. For three

itchgear and
for which the
Low-Voltage
htion voltage
huse 8.1.3 of
5 and Motor-

ble contacts

d) Rated impulse withstand voltage (Ujy,): Clause 4.3.1.3 of the Standard for Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies. A withstand value
implies no damage to the switch and no change in its characteristics.

5.1.3.3 A power switching element is characterized by the following currents:

a) Conventional free air thermal current (l,): Clause 4.3.2.1 of the Standard for Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

b) Conventional enclosed thermal current (l;,c): Clause 4.3.2.2 of the Standard for Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.
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c) Rated operational current (I;): The first paragraph of Clause 4.3.2.3 of the Standard for Low-
Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

d) Maximum load rating of connected equipment motor current (l.,,) (the full load ampere rating of
all motors that can be operated simultaneously plus the full load ampere rating of non-motor loads).

5.1.3.4 Rated frequency: Clause 4.3.3 of the Standard for Low-Voltage Switchgear and Controlgear —
Part 1: General Rules, UL 60947-1, applies.

5.1.3.5 Normal load and overload characteristics — Making and breaking capacities of switching
elements shall comply with the requirements given in Clauses 8.3.4.1.1 — 8.3.4.1.3 and Table 8.2, Table
8.3 and Table 8.4 corresponding to the assigned utilization category. See Clause 5.1.3.6.

Note 1 — For a
breaking capaci

Note 2 — A switd
category given
Electromechani
that publication.

5.1.3.6 Con
shall comply
8.7, and Tab|
the rated op4q

5.1.3.7 Rat
Switchgear 4

5.1.3.8 Util
as given in |

witching element to which a utilization category is assigned, it is not necessary to specify separat
y.

hing element used for the switching of small motors and tungsten filament lamp loads/shall be assi
in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:(Contactors and
al Contactors and Motor-Starters, UL 60947-4-1A, and comply with the appropriate corresponding

ely a making and

pned a utilization
Motor-Starters —
requirements in

ventional operational performance of switching eleménts for the rated operational current

with the requirements given in Clauses 8.3.4.2.1 —-8.3.4.2.3 and Table 8.5, Ta

ble 8.6, Table

e 8.8 corresponding to the assigned utilization category and the requirements
rational voltage.

ed conditional short-circuit current: Clause 4.3.6.4 of the Standard for
nd Controlgear — Part 1: General Rules;"UL 60947-1, applies.

zation categories for switching elements of auxiliary and mirror contacts in the g
[able 5.1 and Table 8.11 are_for-purposes of evaluating the characteristics of

devices and
equipment d

5.1.3.9 Swi
— Part 1: Gerf

5.2 Electrdmechanicalisolating contactor(s)

switching elements when(_determining their suitability for a particular sys
Bsign.

tching over-voltages:Clause 4.9 of the Standard for Low-Voltage Switchgear an
eral Rules, UL©60947-1, applies.

5.2.1 GemTaI

according to

Low-Voltage

ontrol circuits
control circuit
tem isolation

d Controlgear

5.2.1.1

The electromechanical contactor(s) in the system isolation equipment that isolate the connected

equipment shall meet the requirements in the Standard for Low-Voltage Switchgear and Controlgear —
Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-
4-1A, with the following supplements and additions:

a) The requirements for isolation shall be fulfilled. See Clause 8.2.6.1.

b) Indication of the main contacts open position shall be fulfilled by the system isolation equipment
verification function. See Clause 5.2.2, Auxiliary and mirror contacts, and Clause 5.5.3, Verification

light.

c) Contactors shall be capable of holding in (closed) while the related short circuit protection device
opens the circuit to the fault location.
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Note — This requirement may result in selecting a larger contactor than might be required based only on the nominal load
that the system isolation equipment is intended to serve.

d) Immunity to reasonably anticipate seismic activity and vibration that would cause the reduction
of the open contacts gap to fall below the value needed to meet isolation requirements shall be
provided. Mechanical vibrations that are greater than 5 g/33 Hz during operation are to be avoided
by external means, such as through application design considerations.

Note — The vibration issue in normal service may be addressed by the installation instructions and by the physical
application of the contactors, e.g. in a redundant contactor application, the orientation of each contactor in quadrature
(different plane 90° apart) or by using appropriate shock isolation/dampening mountings. Alternatively, contactors that are
immune by design to the stated mechanical vibrations can be used. The appropriate values of mechanical shock, bump and
vibration, to compare with the expected application of the system isolation equipment can nominally be found in

contactor/component manufacturer’s catalog data. In the absence of that data:

1) A method to prove a component’s capability to function during and after non repetitive shocks
service may be found in test Ea in the Standard for Environmental Testing — Part 2: Tests £ Test H
Shock, IEC 60068-2-27.

2) A method to prove a component’s capability to function during and after repetitive bumps encou
may be found in test Eb in the Standard for Environmental Testing — Part 2: Tests+* Test Eb and g
IEC 60068-2-29.

3) A method to prove a component’s capability to withstand conditions ‘of vibration may be found
Standard for Environmental Testing — Part 2: Tests — Test Fc: Vibration(sinusoidal), IEC 60068-2-6)

e) The contactors shall be rated to interrupt the full load eurrent and overload (incl

rotor

)

5.2.2 Auxili

5.2.21 Mirr
contacts havd
The mirror cd
contactor ass

Note — For more
— Electromechar
contact (mirror g
contactor. The g
construction of th
when the weldin
way that the faul

5.3 Conned

5.3.1 Intern

current of the connected equipment.
jary and mirror contacts

pr contacts shall be used on each isplation contactor to indicate when the con
reached the minimum parting distance to fulfill the isolation requirements in Cl

ntacts relationship to the contactor main contacts must account for the failure

embly in a way to prevent falsé-positive indications by the mirror contacts.

information, see the Standard fer Low-voltage switchgear and controlgear — Part 4-1: Contactors an
ical contactors and motot=starters, IEC 60947-4-1, Annex F, Requirements for auxiliary contact li
ontact). One contactor.may be required to have more than one mirror contact to detect proper
hysical arrangementiand number of auxiliary contacts required for verification of isolation is dsg
e isolation contactor.and the mechanical connection to the mirror contacts. One example of a failurg
h of only one powef contact (phase A) would hold the contactor's mechanical connection to the m
led condition’ might not be detected by the mirror contact monitoring the phase C side.

tions'to internal control circuits

encountered in
A and guidance:

htered in service
uidance: Bump,

in test Fc in the

uding locked

tactor's main
ause 8.2.6.1.
modes of the

d motor-starters
ked with power
pperation of the
pendent on the
mode would be
rror contact in a

al control power sources

5.3.1.1 All control power used internally by the system isolation equipment shall be sourced from the line
side of the electromechanical isolation contactor(s) and physically contained within the system isolation
equipment’s boundaries.

Note — Using the line side of the isolation contactor to obtain verification control power establishes one of the independent paths that
verify the contactor has in fact opened when zero voltage is detected or confirmed on the load side of the isolation contactor.

5.3.1.2 With reference to Clause 5.3.1.1, communication modules that are electrically separated from the
SIE and that receive only electrically isolated inputs from the SIE circuitry, in accordance with Clause
5.3.2.2, from the Safety Isolation Equipment and that are required to be powered for the maintenance of
communication when power to the SIE is not present, are permitted to receive power from other than the
line side of the Safety Isolation Equipment contactors.
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5.3.1.3 With reference to Clause 5.3.1.1, multiplexer modules which are sufficiently remote from the SIE
that it is not practicable to receive power there from, and where the multiplexer outputs are electrically
isolated from SIE inputs, are permitted to receive power from other than the line side of the SIE contactors.

5.3.1.4 When a control power isolation transformer or an isolated control power supply is used it shall be
constructed to relevant standards. Primary and secondary short circuit and overload protection is required
in accordance with the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL
60947-1. When selecting the size of the control power source and over current protective devices, primary
consideration shall be given to the protection of the control switching components within the system
isolation equipment. The control switching components shall be protected from damage due to over
currents, including damage such as welding of the control switching component’s contacts. Thus, the
isolated control power source shall be so designed that the control circuit is protected from damaging over-
currents by means which include the following:

a) Use of a control transformer(s) that does not deliver over-currents that can\be damaging (this
may fequire the use of separate control transformers for the logic control and|the isolating
contagtor coils).

b) Usk of protective devices in the control circuit that will limit the iselating control trapsformer fault
curreft to levels that are not damaging.

c) Use of a current limiting isolating power supply.

Note — An apprdpriate way to meet the requirements in this Clause, if a contrel pewer isolation transformer is to be selected, is to use
one that is builtjand protected in accordance with the Standard for Specialty Transformers, UL 506, or the Standard for Safety of
power transformers, power supplies, reactors and similar products —“Part 2-2 Particular requirements and [tests for control
transformers arjd power supplies incorporating control transformersi/IEC 61558-2-2, or a transformer that i$ built to similar
requirements.

5.3.1.5 All ¢ontrol power from the "internal control power source(s)", shall be electrically isolated within
the system idolation equipment. See Clause 5.6.1.1.

5.3.1.6  When an external device is substituted in place of a lockout station and directly connected to the
system isolation equipment's internaleontrol circuit (such as a dual channel safety relay iff the machine
circuit), the device and its connections shall be provided with the same degree of isolation gfforded to the
system isolafion equipment interfal control circuits as in Clauses 5.6.1 and 6.3.5.

Note — An example would bea_safety relay with other functions that is used in the machine's E-stop system to spnd the signal to
remove motive oltage as part of a stop category 1 sequence. In order to maintain the physical isolation requirement of Clause
5.6.1.2, the conection t6 the safety relay output contacts remote from the system isolation equipment would bg provided with a
cover and a tamper indication seal.

5.3.2 Isolatedcontrolcircuitoutput— ———— |

5.3.2.1 When the system isolation equipment provides an interlock for the machine's control circuit, such
as a means to inhibit the activation of the start control function for the machine control equipment, an
isolated output circuit shall be provided. See Clauses 6.3.4 and A3.3.4.

5.3.2.2 The isolated outputs from the system isolation equipment shall consist of dry contacts or
optically-isolated solid-state devices. Where the output is provided by an optically isolated solid state
device, its power shall not be provided from the internal control power source in Clause 5.3.1.

5.3.3 Isolated control circuit input

5.3.3.1 External devices providing inputs to the system isolation equipment shall only interface the
internal control circuit through isolating dry contacts or optically-isolated solid-state devices. The circuits
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connections shall be protected from unintended access by the tamper indication sealing and isolation
requirements that are used for the system isolation equipment's internal circuits and shall comply with
Clause 5.1.1, Control components, Clause 5.3.1, Internal control power sources, and Clause 5.6.1,
Isolation. See Clause A3.3.4.

5.3.3.2 The isolated inputs to the system isolation equipment shall consist of a relay coil or optically-
isolated solid-state devices, and its power shall not be provided from the internal control power source in

Clause 5.3.1.

5.4 Load side power circuit monitoring methods

5.4.1 Voltage-sensing-method

5.4.1.1 Volt

54111 Th
determined tdg
equal or less
contactor bet
conductor.

Note 1 — The sw
Vac or 35 Vdc rig
61140: 2001, Cla
for steady state

buildings — Part 4
Electrical Installg

Note 2 — Early c
of individual relg
industrial relays
not be used for tl
will function prop

age monitoring relay

e voltage monitoring safety relay component, or any other type of| monitorin

be suitable for the application, operates as a threshold switch. The switching th
than 15 V for ac voltages and 12 V for dc voltages measured on the load side o
veen each set of phase conductors and between phase conductors and neutra

tching thresholds of 15 Vac and 12 Vdc are below the generally accepted lowest steady state tou
ple free in the Standard for Protection against Electric Shock:—= Common Aspects for Instillation and
use 5.15, Limitations of voltage, and the Standard for Extra<lew Voltage — Limit values, IEC 61201
oltage. For more information about touch voltage limits see.Various parts of the Standard for Electri
-41: Protection for safety — Protection against electric.shock, IEC 60364-4-41 or the Standard for V4
tions of Buildings, IEC 60449, about voltage bands.

nceptual proposals for some versions of devices similar to this system isolation equipment showe
ys to perform the voltage sensing function™(that particular solution potentially could work with
here the purpose of the device was used only for the prevention of unexpected start-up of a mag
he isolation function described in this.document). While it may be possible to find a set or combinati
lerly at both the operating powenrvoltage and the acceptable touch voltage values needed for isolat

most general purpose industrial relays do not have that broad an operating range (pull-in, hold, drop-out values).

54.11.2 Th
lack of voltag
measuring cif

Note — An exam{

54.1.13 TH

e voltage monitoring circuits are connected and self-checked in a manner to as
e present, on the-connected load bus, is not the result of other reasons such
cuit.

le solution in a typical design, is the use of double circuiting with a wire-break monitoring function.

e.woltage monitor with its associated circuitry shall provide a status indication o

j component
resholds are
the isolation
or grounded

th voltage of 16
Equipment, IEC
, Table 1, Limits
al installation of
pltage Bands for

the use of sets
eneral purpose
hine but it could
on of relays that
on applications,

sure that the
as an open

[ any inability

to perform the voltage monitoring function.

5.4.2 Voltage grounding method

5.4.21 Sho

54.2.11

rting contactor

After the system isolation equipment’s isolation contactor component opens, the shorting

contactor component operates to place a direct short to ground on all power conductors on the load side of
the system isolation equipment’s isolation contactor. See Clause 5.2.

5.4.2.1.2 The manufacturer shall provide a means to test the continuity of the shorting contactor to

ground.


https://ulnorm.com/api/?name=UL 6420 2023.pdf

JULY 14, 2023

UL 6420

17

5.4.2.2 Auxiliary contacts

54.2.21

have reached the closed position, fulfilling the voltage grounding method.

5.5 Lockout station

5.5.1

Auxiliary contacts shall be provided to indicate when the shorting contactor's main contacts

The system isolation equipment lockout station includes lockout control switch(s) and a verification

light as an assembly. Lockout stations are intended for installation on a machine near points of entry used

by the machi

Note — The nu

ne operator for adjustment and maintenance.

ber and-placement-of-the lockout-staticns-is—a-function-of-the-cperation-of-the-machine-where-the.
P g

system isolation

equipment is to
5.5.2 Lock

5.5.2.1 Thdg
normally op¢g
open positior

5.5.2.2 Thdg
lockout switc

5.5.2.3 Thdg
the system i
switch actuat

be employed, and is based on the risk assessment of that machines' particular application.
put switch

lockout switch contacts shall have a direct (positive) opening operation to ensu
n contacts are in the open position when the actuator is in the position corresg
of the device. See Clause 8.2.6.2.

lockout switch contacts and circuit connections shall‘aot be physically access
h is in the open position and the lockout station is logked.

lockout switch actuator shall be black and thélocking collar or background sha
solation equipment is designed to be capable of use as an emergency stoppi
or shall be red with a yellow locking collar‘or background.

5.5.2.4 A red lockout switch actuator shall notbe provided when the system isolation equi

fulfilling a pa

5.5.2.5 Thdg
connected W
lockout switc

Note — This me(
and the switch's|
is alerted should
function from th

5.5.3 Verifi

5.56.3.1

t of an emergency stopping systém, see Clause 5.3.3.2.

lockout switch contact setwhich are used in the verification light circuit shall be
ith respect to the other“lockout switch contact sets, at the farthest most pos
h actuator.

hanical connection,requirement is referring to the lockout switch's mechanical connection that is be
various contacts.\\I'he above requirement is to ensure that the operator, who is using the system iso

a failure to/thelockout switch’s mechanical connection occur. The operator is alerted to the failure
b verificationylight not occurring.

re that all the
onding to the

ble when the

[l be yellow. If
ng device the

pment is only

mechanically
tion from the

ween the handle
ation equipment,
by the indicating

Ication light

the open position of the isolation contactor.

The verification light, when illuminated, indicates that the system isolation equipment has verified

5.5.3.2 The verification light shall be of the low impedance type to reduce the risk of induced voltage
from other circuits providing an induced false signal. The verification light circuit shall be protected to
reduce the risk of voltage from other sources providing an undetected false signal.

Note — It is suggested that a high visibility LED array be used for the local verification light function.

5.5.3.3 The verification light circuit is configured so the verification light is lit at the respective lockout
station only when:

a) The system isolation equipment isolation contactor is open;
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b) The load side circuit voltage sensing or grounding methods indicate an isolated state; and

c) The

local lockout switch is in the open position.

Note — When subsequent lockout stations are used, their verification lights will come on only when all the above criteria are
met. The purpose of restricting the operating verification light to the location of the opened and locked lockout stations is so
that, when another lockout switch is operated and locked at another entry point, the additional lockout operation is

indepen

dently verified and acknowledged by the system isolation equipment.

5.5.3.4 The verification light shall be green.

Note — The color selected is based on the Standard for Safety of machinery — Indication, marking and actuation — Part 1:
Requirements for visual, auditory and tactile signals, IEC 61310-1, Clause 5.2, Coding of visual signals, Clause 5.2.1, Use of colours,
Table 2, Meaning f et f t ty Principles for
Man-Machine Inf selection is also
consistent with t ghts and Icons,

erface, Marking and Identification — Coding Principles for Indicators and Actuators, IEC 60073. The
he Electrical Standard for Industrial Machinery, NFPA 79:2012, Table 10.3.2, Machine Indjeator L

where the safety
5.6 Configy

5.6.1 Isolat

5.6.1.1 Eleg

5.6.1.1.1 Ex
system isolaf

equipment in
5.3.3.1,and t

of persons or environment is indicated to be safe by using the color green.

ration requirements

on

trical isolation of the system isolation equipment internal circuits

cept for the line and load side power connections of the system isolation eq
ion equipment is electrically isolated from all ‘ether power circuits. The sys
ernal control circuits are electrically isolated, from all external circuits. See C
prminal X-03 in Clause A3.3.4 and FigurexA.1, Figure A.2, and Figure A.3 in Ann

uipment, the
em isolation
auses 5.3.2,
ex A.

5.6.1.2 Physpical isolation of the system isolation equipment internal circuits and components

5.6.1.2.1 Means shall be provided to discourage inadvertent/accidental access to the followi

ng:

a) The internal power and control circuit components inside of enclosures;

b) Power terminals (X1-intand X1-out, see Annex A) external to an enclosure;

c¢) Control circuit terminals — X01, X02, X1 — X8 (see Annex A) external to an enclosur¢ and;

0%

d) When used,-pre=wired connectors used for interconnections external to an enclosur

blated input and output terminals — X03 (see Clauses 5.3.2, 5.3.3.1 and Anngx A) are not

mply with this requirement

Electrically is
required to c

5.6.1.2.2 Each equipment enclosure and connection external to an enclosure shall be provided with a
means to restrict undisclosed access, such as the provision for a tamper indication seal.

Note — The reason for restricting access to the referenced circuits and components is to prevent accidental compromising of the
internal circuits by a technician working on another problem on the machine, it is not to prevent technically trained personnel from
obtaining access to the unit to complete an installation or repair. Further requirements restricting access may be agreed to between
the manufacturer and the customer.

5.6.1.2.3 In addition to inhibiting undisclosed access to the system isolation equipment components or
cabled circuits, the system isolation equipment may also be provided with enclosures that provide various
degrees of protection depending on the particular application.
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5.6.2 Coordination with short circuit protective device(s)

5.6.2.1 The short-circuit protection, specified to coordinate with the system isolation equipment short
circuit current ratings, shall form part of the installation but is not required to be provided as a part of the
system isolation equipment. See Clause 8.3.5, Coordination with short-circuit protective devices. If not
provided, the manufacturer of the system isolation equipment shall specify the required short-circuit
protective device, the voltage rating and the short circuit current rating that is required in order to complete
the installation of the system isolation equipment on the machine.

5.6.3 Status indication

5.6.3.1 Th

eycfnm isolation nqlllpmnnf shall include means to indicate it is flln{‘flf\hlhg prr\r)er'y and also

to indicate if

Note — The sys
HMI display or
functional state

lem isolation equipment enclosures should have a means of providing status and functional state
window of transparent material where indicators on terminal strips and on the various.devices ing
bf the system isolation equipment.

5.6.4 Troubleshooting and repair

5.6.4.1 Theg
isolation equ
Clause 5.6.1

Note — The man
replaced and th|
owners technici
after repair and

system isolation equipment shall be provided a means’to determine which part
pment requires repair without having to open the unit with a tamper indication g
2.2,

ufacturer may choose to have the system isolation equipnient supplied in a modular form that, whe
e faulty unit returned to the manufacturer for repair Alternately, the manufacture can establish a |
hns to facilitate repairs inside of modules with tamperindication seals and the subsequent re-sealin
esting.

5.6.5 Enclgsure construction

5.6.5.1 Thsg
accordance

6 Product
6.1

Nature

6.1.1 Claug

system isolation equipment shall be constructed within one or more ¢
vith Clauses 8.2.9 and 8:210.

nformation
of information

e 6.1-of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1

b fault has occurred without requiring access to internal components and circuits.

ndication; e.g.: a
icate the current

of the system
s indicated in

n faulted, can be
rocedure for the
g of the modules

bnclosures in

A\: Contactors
ies.

and Motor-S‘arters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, app|

Note — Clause 6.1.2 (y) environments 1 or 2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors
and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A — environment 1 (environment B in the
Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, Clause 7.3.1): mainly relates to low-
voltage public networks such as residential, commercial and light industrial locations/installations. This environment does not cover
highly disturbing sources such as arc welders. Environment 2 (environment A in the Standard for Low-Voltage Switchgear and
Controlgear — Part 1: General Rules, UL 60947-1, Clause 7.3.1): mainly relates to low-voltage non-public or industrial
networks/locations/installations including highly disturbing sources. In the Standard for Low-Voltage Switchgear and Controlgear —
Part 1: General Rules, UL 60947-1, Clause 7.3.1, environment B, in the Standard for Low-Voltage Switchgear and Controlgear — Part
4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, is referred to as
environment 1 and corresponds to environment class B in the Standard for Industrial, scientific and medical equipment — Radio-
frequency disturbance characteristics — Limits and methods of measurement, CISPR 11. In the Standard for Low-Voltage Switchgear
and Controlgear — Part 1: General Rules, UL 60947-1, Clause 7.3.1, environment A, in the Standard for Low-Voltage Switchgear and
Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, is
referred to as environment 2 and corresponds to environment class A in the Standard for Industrial, scientific and medical equipment
— Radio-frequency disturbance characteristics — Limits and methods of measurement, CISPR 11.
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6.2 Marking

6.2.1 Clause 6.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors
and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, applies as

appropriate with the following additions:

a) Maximum load rating of connected equipment motor current (l,,) (the full load ampere rating of
all motors that can be operated simultaneously plus the full load ampere rating of non-motor loads).

b) The ratings of the short circuit protective devices specified in Clause 5.6.2 that are to be used on
the line side of the system isolation equipment power circuits.

C) Rat.,d ;IIIFU:OG VV;thOtal Id vu:tayc fUI ;DU:G{;UII (OUC Tab:c 32)
6.2.2 The cpmplete markings in Clause 6.2.1 shall be placed on the chassis or the encl

power circuit
opened. Othg
Clause 6.1.1

Contactors ad Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60941

reference to t

6.2.3 If inte
provided they
systems. For
methods that

6.3

6.3.1 Claus
and Motor-St
manufacturer

Clause 8.4.

6.3.2 Ifthei
shall specify
complete the

6.3.3 When

Instructions for installation, operation and maintenance

or the control circuit in an area visible when installed or when access covers
r modules of the system isolation equipment as a minimum shall bé marked wi
(@) and (b) in the Standard for Low-Voltage Switchgear andControlgear -

e system isolation equipment or installation instructions that'specifies its use.

rconnection cables between the system isolationequipment respective en
shall have a unique identification that will set thémvapart from the machines
example, cord/cable connections systems, ahd cable labels, would inclu
identify they are only to be used to interconnectthe system isolation equipment.

b 6.3 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A
arters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,

hter-connection.cables are not provided, the manufacturer of the system isolatic
he necessary way of installing, identification and protection (see Clause 5.1.2.
nstallation.6fthe system isolation equipment.

provided, an isolated output circuit is to be identified for use as an interlock t

activation of {
is employed.
output is not

estart control function for the connected equipment where the system isolatiq

bsure for the
or doors are
h the data in
- Part 4-1A:
-4-1A, and a

closures are
' other cable
je indicating

: Contactors
applies. The

shall also provide the necessary mounting and wiring instructions and includ¢ any special
measures thgt need to be taken to achieve compliance with EMC immunity or emission requi

ements. See

n equipment
1) in order to

b prohibit the
n equipment

provided, the need for the machine control voltage to be sourced from the loa

) an isolated
d side of the

system isolation equipment shall be explained in the application instructions. In either case, compliance
with the Standard for Electrical Standard for Industrial Machinery, NFPA 79:2012, Clause 7.5.3,
Restarting, is required for the installation. See Clauses 1.1.1.3 and 5.3.2.1.

Note 1 — The use of the interlock is to provide machines, which have control circuits supplied from sources other than its motive
voltage, the means to meet the requirements of Clause 7.5.3, Restarting of the Electrical Standard for Industrial Machinery, NFPA
79:2012 to prevent unexpected machine movement.

Note 2 — See the Electrical Standard for Industrial Machinery, NFPA 79:2012, Clause 7.5.3, Restarting. And similarly see the
Standard for Safety of Machinery — Electrical Equipment of Machines — Part 1: General Requirements, IEC 60204-1, Clause 7.5,
Protection against supply interruption or voltage reduction and subsequent restoration, third paragraph.

6.3.4 For a lockout station input to be used for connection to the machine control circuit as in Clause
5.3.1.4, the instructions shall indicate the means required to be provided at installation to maintain
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electrical isolation and to prevent physical access to connections to the internal control circuit in
accordance with Clause 5.6.1.

6.3.5 When the system isolation equipment is provided with voltage monitoring or grounding methods,
the manufacturer's instructions shall include a procedure for testing and testing frequency.

7 Normal Service, Mounting and Transport Conditions

7.1 Clause 7 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and
Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, applies with the
following addition in Clause 7.2.

7.2 The system isolation equipment shall be designed to operate correctly within the cenditions found in
the Electrical Standard for Industrial Machinery, NFPA 79:2012, Chapter 4, General Operating Conditions.

8 Construgtion and performance requirements
8.1 Genergl

8.1.1 Clauge 8 of the Standard for Low-Voltage Switchgear and Contralgear — Part 4-1A: Cpntactors and
Motor-Startefs — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, applies with the
following additions.

8.2 Lockout switch actuator (see 8.1.4 of UL 60947-4-1A)
8.2.1 Insulption
8.2.1.1 Thqg lockout switch actuator shall be insulated from the live parts for the rated insulation voltage.

8.2.1.2 Algckout switch actuator:

a) Made of metal shall be’capable of being connected to a protective conductor unless it is
proviged with additional feliable insulation;

b) Made of or caovered by insulating material, any internal metal part, which nmight become
accegsible in thevevent of insulation failure, shall also be insulated from live parts|for the rated
insuldtion voltage.

8.2.2 Diredtionof movement

8.2.2.1 The actuator of the lockout switch shall be provided with a means for padlocking it in the OFF
position.

8.2.3 Actuating force (or moment)

8.2.3.1 The force (or moment) required to operate the actuator shall be compatible with the intended
application, taking into account the size of the actuator, the type of enclosure or panel, the environment of
the installation and the use for which it is intended.

8.2.3.2 The minimum starting force (or moment) of the lockout switch actuator shall prevent inadvertent
operation of the switch due to environmental tests associated with the enclosure rating; e.g. push-buttons
and rotary switches to be used with enclosures complying with degrees of protection IPX5 or IPX6 shall
not become actuated when hit by the jet of water applied during the test of the enclosed equipment.
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8.2.4 Limitation of rotation

8.2.4.1 When actuators with limited or unidirectional movement are used, they shall be fitted with robust
means of limitation, capable of withstanding five times the actual maximum actuating moment.

8.2.5 Indication of contact position (see 8.1.5 of UL 60947-4-1A)

8.2.5.1 Indication of the position of the lockout switch

8.2.5.1.1 The indication of the closed and open positions of the lockout switch shall be unambiguous and
clearly indicated. This is done by means of position-indication on the lockout switch (position-indicating

device is part of-a—mechanicat ovv;tuhilly device—which—indicates—whether—itts—in—the open or closed

position).

8.2.5.1.2 If gymbols are used, they shall indicate the closed and open positions.

60417-2-1EC-5007 | _<On (ppwer)

60417-2-1EC-5008 LD 0ff (dower)

S4413

8.2.5.2 Indigation by thelockout switch actuator

8.2.5.2.1 THe actuator of the lockout switch shall stay, when released, in the position corresponding to
that of the mpving ‘contacts of the lockout switch; in this case, the actuator shall have twq distinct rest
positions corresponding to those of the moving contacts.

8.2.5.3 Indication of open position of contacts of isolation contactor

8.2.5.3.1 The lockout switch actuator in the OFF position and the verification light lit shall provide
indication that the main contacts of the isolation contactor are open in accordance with Clauses 8.3.3 and
8.3.6. Compliance with this requirement shall be verified in accordance with Clause 8.3.8.

8.2.6 Requirements for equipment with isolating function

Note — A single contactor by itself does not meet the functional requirements for isolation defined in this Standard. However, a
contactor as the control element in addition to other safety-related parts of a control system can meet the requirements for isolation.
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8.2.6.1 Constructional requirements for electromechanical isolation contactor

8.2.6.1.1 Electromechanical isolation contactor(s) shall provide, in the open position, (see the Standard
for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, definition 2.4.21) an
isolation distance in accordance with the requirements necessary to satisfy the isolating function, see
Clauses 8.3.3 and 8.3.6. The additional requirements for equipment suitable for isolation functions for
contactors shown in Clause 7.1.6 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1:
General Rules, UL 60947-1, are included here but without Clause 7.1.6.1DV additional note and included
as shown in Clause 8.1.6 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:
Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, along
with the additional requirements contained within this standard, as requirements for contactors in this

document.

8.2.6.2 Construction requirements for lockout switches

8.26.21 L
lockout switg
the test force

82622 T
enclosure in
requirement
required by (

82623 T

bcking of the lockout switch actuator in the open position shall onty~be poss
h contacts are in the open position. Compliance with this requirement shall be
"3F" is applied to the actuator as in Clause 9.2.2.2.1.

ne lockout switch shall be designed so that the actuator/front plate or cover i
a manner which ensures correct contact position indication and locking. Compli
and Clause 8.2.5.1.1 shall be verified in accordance with Clause 9.2.2 and follo
lauses 8.2.6.2.1 and 8.2.6.2.5.

ne locking means shall be designed in suctrja way that the switch contacts ¢

positions with the appropriate padlock(s) installed.

8.26.24 A

8.26.25 C
manufacture
force "3F" sp
switch from t
lockout switc

8.26.26 D
comply with
contact ratin

ternatively, padlock able means may be provided to prevent access to the actua

bmpliance with Clause 8.2/6.2.3 shall be verified using a padlock spe
" or an equivalent gauge,\giving the most adverse conditions, to simulate loch

he open position to_the ¢losed position. At the same time as the test force "3F"
h shall be subjectedto a test voltage across open contacts to ensure there is no

epending onithe design of the system isolation device, the lockout switch
e 'A' designated AC-15 or the 'N' designated DC 13 ratings in Table 8.11, Exan

h
J; designation based on utilization categories.

82627 T

ble when the
verified while

s fitted to the
ance with this
ving the tests

hnnot change

for.

cified by the
ing. The test

ecified in Clause 9.2.2.24-shall be applied to the actuator in an attempt to opergte the lockout

s applied, the
continuity.

ontacts shall
ples of mirror

perockout switch shall demonstrate resistance to mechanical and electrical wes

r verified to a

minimum of 10,000 cycles of operations as in Clause 8.3.4.3.

8.2.7 Terminals

8.2.7.1

Clause 8.1.7 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,

applies.
8.2.8 Provi

8.2.8.1

sions for earthing

Clause 8.1.9 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,
applies with the following additions.
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8.2.8.2 Control circuits shall be allowed to be grounded or ungrounded. Ungrounded control circuits shall
be provided with an insulation monitoring device that either indicates a ground (earth) fault or interrupts the

circuit automatically after a ground (earth) fault.

8.2.9 Enclosures for equipment

8.2.9.1

Rules, UL 60947-1, applies with the following additions.

Clause 7.1.10 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General

8.2.9.2 The system isolation equipment shall be provided in an enclosure to restrict access. See Clause

5.6.1.2.1.

8.2.9.3 Whe
operating me
Voltage Swit

8.2.10 Degtees of protection of enclosed equipment

8.2.10.1 CIg
Rules, UL 60

Note — Conform
60947-1, restrict

8.3 Performance requirements (see 8.2 of UL 60947:4-1A)

8.3.1 Opers

8.3.1.1 Cla{

Contactors afd Motor-Starters — Electromiechanical Contactors and Motor-Starters, UL 6094

the following

8.3.1.2 For
the Standard
Electromechs

8.3.1.3 For
Standard for

n the enclosed system isolation equipment additionally contains the supply, dis
hns shall be interlocked with the cover or door as in Clause 8.1.10 of the(Stan

use 7.1.11 of the Standard for Low-Voltage Switchgear @nd Controlgear — Pa
D47-1, applies.

nce with Clause 7.1.10 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1: Gg
enclosures to a minimum IP rating of 2X.

ting conditions and limits

se 8.2.1.1 of the Standard'for Low-Voltage Switchgear and Controlgear
hdditions apply with regardto isolation and shorting contactors.

solation contactars)and, where used, the shorting contactor applications, Clauy
for Low-Voltage-Switchgear and Controlgear — Part 4-1A: Contactors and Mof

nical Contactors and Motor-Starters, UL 60947-4-1A, applies.

contrelcircuit component applications Clauses 7.2.1.1 and 7.2.1.2 (for control
L ow~Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, 3

hgear and Controlgear — Part 4-1A: Contactors and Motor-Starters. — EIect:fo
Contactors and Motor-Starters, UL 60947-4-1A.

connect, the
ard for Low-
mechanical

It 1: General

neral Rules, UL

+ Part 4-1A:

1 7-4-1A, with

se 8.2.1.2 of
or-Starters —

elays) of the
pply.

8.3.1.4 The verification indication occurs only if the voltage of the isolated circuit is less than 15 Vac rms
between phases and between any phase to neutral or grounded conductor or 12 Vdc (ripple free) between
circuit conductors or circuit conductors and common (or earth in a grounded system), after isolation has
occurred. For the voltage grounding method, the verification indication occurs only when it has been
verified that the grounding contactor has been pulled in (energized).

8.3.2 Temperature rise
8.3.2.1 Clause 8.2.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,
applies with regard to isolation and shorting contactors.
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8.3.3 Dielectric properties

8.3.3.1 The system isolation equipment power circuit shall be capable of withstanding the dielectric tests
specified in Clause 9.3.3.4.

8.3.3.2 The system isolation equipment control circuit shall be capable of withstanding the power
frequency withstand verification of solid insulation test specified in Clause 9.3.3.4.3.

8.3.4 Normal load and overload performance requirements

8.3.4.1 Making and breaking capacities

8.3.4.1.1 aking and breaking capacities of the isolation contactor(s) and (where used) the shorting
contactor in |[Clause 8.2.4.1 of the Standard for Low-Voltage Switchgear and Controlgear|— Part 4-1A:
Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL| 60947-4-1A,
applies with the following additions.

8.3.4.1.2 The main isolation contactor shall comply with AC-23A or’DC-23A. The main isolation
contactor shall additionally comply with contactor overload test in Table 8.1-and Table 8.2.

Table 8.1
Verification of rated making and breaking capacities.~ conditions for making and breaking

corresponding to the various utilization categories

Rated Making?® Breaking Number of
Utilization operational operating
category current 1 lom u/u, cos ® I/ lem U,/ U, cos ® cycles
AC-23A 0<I1,100 A 10 1.05 0.45 8 1.05 0.45 5
AC-23A 100 A<l 10 1.05 0.35 8 1.05 0.35 3
L/'R ms L/R ms
DC-23A All values 4 1.05 15 4 1.05 15 5

| = Making curfent

I, = Breaking cprrent

lem = Rated opgrational motor current
U = Applied vojtage

U, = Rated op¢rationalvoltage

U, = Operationfpl frequency or dc recovery voltage

a) For ac the mpking current is expressed by the rms value of the periodic component of the current.

Table 8.2
Relationship between current broken I, and off-time for the verification of rated making and

breaking capacities

Current broken I, Off-time,
A s
l.<100 10
100 < 1, <200 20
200 <1,=300 30
300 < 1,400 40

Table 8.2 Continued on Next Page
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Table 8.2 Continued

Current broken I, Off-time,
A s
400 <1,< 600 60
600 < 1,<800 80
800 <1,<1,000 100
1,000 < I, = 1,300 140
1,300 < I, < 1,600 180
1,600 <, 240
8.3.4.1.3 THe shorting contactor shall comply with AC-1 or DC-1 (make only) as in Table.§.2 and Table
8.3.
Table 8.3
Verificafjon of rated making and breaking capacities — Conditions formaking and hreaking
corresponding to the various utilization categories
Making and breaking conditions
) - Number of
Utilization On-time Off-time operating
category I/ 1, U, /U, cos ® s s cycles
AC-1 1.5 1.05 0.8 0.05 Table 8.2 50
DC-1 1.5 1.05 1.0 0.05 Table 8.2 50
| = current madg. The making current is expressed in dc or ac rms $ymmetrical values but it is understood that, for ag, the actual
peak value durihg the making operation may assume a higher value than the symmetrical peak value.
I, = current made and broken, expressed in dc or ac rms symnietrical values
le = rated operational current
U = applied voltage
U, = power freglency or dc recovery voltage
U, = rated operptional voltage
cos ® = power factor of test circuit
L/R = time-congtant of test circuit
" 25 operating gycles with one.poldrity and 25 cycles with reverse polarity.
2 The time may| be less than<0:05 s, provided that contacts are allowed to become properly seated before re-opening.
8.3.4.1.4 Making- and breaklng capacmes of control circuit components under abnormc | conditions,
Clause 8.2.4. )ntactors and

Motor-Starters — Electromechamcal Contactors and Motor-Starters UL 60947-4 1A applles in addition to
Clause 8.3.4.1.5.

8.3.4.1.5 The control circuit components switching elements shall be capable of making and breaking
currents without failure under the conditions stated in Table 8.4, for the required utilization categories and
the number of operating cycles indicated, under the conditions specified in Clause 9.3.3.6.3.
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Table 8.4

Verification of making and breaking capacities of switching elements under abnormal conditions

corresponding to the utilization categories®”

Making and breaking
Make Break operation
Utilization Minimum Rate per
Category I, V[V - I, u/u, - on-time Number | minute
AC - - cos @ - - cos @ Cycles (at - -
50 Hz or 60
Hz)
AC-15 10 1.1 0.3 10 1.1 0.3 2 10 6
DC - - T 0.95 MS T 0.95 MS Time — -
ms
DC-13 1.1 1.1 6 x P9 1.1 1.1 6 x P9 Togs 10 6
DC-14 10 1.1 15 10 1.1 15 254 10 6

le Rated operat
| Current to be

U, Rated operd
U Voltage befol
P =U, x |, Sted

T .95 Time to rg

onal current

made or broken
tional voltage

e make
dy-state power consumption, in W

ach 95% of the steady-state current

) The abnorma

2) For tolerance
General Rules,

3) For semicong
abnormal cond

4) Both on-time

% The value "6
=50W,i.e., 6
parallel. Theref

For semicondu

| condition is to simulate a blocked open electromagnet. See\Clause 9.3.3.6.3.

5 on test quantities, see Clause 8.3.2.2 of the Standard for Low-Voltage Switchgear and Controlgea
UL 60947-1.

uctor switching devices an overload protective device specified by the manufacturer should be used
tions.

values (for |, and for ly.4c) shall be at least equal to 2 cycles (or 25 ms for DC-14).

< P" results from an empirical relationship-which is found to represent most dc magnetic loads to an

P =300 ms. Loads having power consumption greater than 50 W are assumed to consist of smalle
bre, 300 ms is to be an upper value.ifrespective of the power consumption value.

Ctor switching devices the maximum time constant shall be 60 ms, i.e. T0.95 = 180 (3 x time constan

—Part 1:

to verify the

ipper limit of P
loads in

b).

8.3.4.2 Conventional operational performance

8.3421 C

ause 8.24.2 of the Standard for Low-Voltage Switchgear and Controlgear

Contactors
applies with

8.3.4.2.2 Depending on

nd Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
he following additions.

— Part 4-1A:
60947-4-1A,

nain isolation

contactor shall comply with AC-23A or DC-23A. The main isolation contactor shaII be subjected to

operations in

dicated in Table 8.5 and Table 8.6.
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Table 8.5

Verification of operational performance — conditions for making and breaking corresponding to the
various utilization categories

Rated Making? Breaking Number of
Utilization operationa' operating
category | motor current W . u/u, cos ® I/ lom U./U, cos ® cycles
AC-23A All values 1 1 0.65 1 1 0.65 See Table
8.6
DC-23A All values 1 1 L/R 1 1 L/R See Table
ms ms 8.6
7.5 7.5

I, = Breaking cu

lem = Rated ope

U, = Rated ope
U, = Operationa
@ For ac the ma

| = Making currgnt

rent

U = Applied volthge

ational voltage

ational motor current

frequency or dc recovery voltage

ing current is expressed by the rms value of the periodic component of the current.

Verification

Table 8.6

of operational performance — number of operating cycles corresponding to the rated
operational current for AC-23A and DC-23A utilization categories

Numbering of operating

Number of operating cycles

AC and DC A categories

Rated operational current I, cycles per hour Without current With current Total

0 <|lgm <100 120 8,500 1,500 10,000

100 K lgm < 315 120 7,000 1,000 8,000

315K lgm =630 60 4,000 1,000 5,000

630 9 lgm < 2,500 20 2,500 500 3,000

2,500 < lop 10 1,500 500 2,000

Note — For infoffmation on mechanical durability testing and the results to be obtained see Clause 9.1.2, Special tesfs.

8.3.4.2.3 Dgpending-on the intended application of the system isolation equipment, |the shorting
contactor shgll comply with AC-1 or DC-1 (make only). For conventional operational performance the
shorting contactor shall be subjected to the conventional conditions indicated in Table 8.7 gnd Table 8.8

without failure for 6,000 operating cycles.
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Table 8.7

Verification of operational performance conditions for making and breaking corresponding to the
various utilization categories

Making and breaking conditions
— - Number of
Utilization On-time Off-time operating
category Ie /1 U, /U, cos @ s s cycles
AC-1 1.0 1.05 0.8 0.05 Table 8.8 6,000
DCA1 1.0 1.05 1.0 0.05 Table 8.8 6,000"

I, = current ma|
le = rated oper:
U = applied vo
U, = power fre
U, = rated ope
Cos & = powe

L/R = time-con|
) 3,000 operat
2) The time ma

htional current

tage

ational voltage

factor of test circuit

Stant of test circuit
ng cycles with one polarity and 3,000 operating cycles with reverse polarity.

uency or dc recovery voltage

de and broken, expressed in dc or ac rms symmetrical values

be less than 0.05 s, provided that contacts are allowed to beconle properly seated before re-openi

| = current made. The making current is expressed in dc or ac rms symmetrical values but it is understood that, for ac, the actual
peak value during the making operation may assume a higher value than the symmetrical peak value.

Relationship between current broken I, and-l(-)a:‘fb-lt?rgéafor the verification operational performance
Current broken I, Off-time,
A s

l,<100 10
100 < I, < 200 20
200 < I, <300 30
300 < I, <400 40
400 <1, <600 60
600 <, 5.800 80
800-<13'< 1,000 100
(000 < I, < 1,300 140
1,300 < I, < 1,600 180
1,600 <1, 240

8.3.4.2.4 Making and breaking capacities of switching elements of control circuit components under
normal conditions, Clause 8.3.3.6 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1:
General Rules, UL 60947-1, applies for the required utilization category and number of cycles indicated in
Table 8.9 and Table 8.10.
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Table 8.9
Verification of making and breaking capacities of switching elements of control circuit

components under normal conditions corresponding to the utilization categories”

2 2
Utilization Make? Break? Minimum
Category I, u/u, I, uiu, on-time
AC cos @ cos @ Cycles (at 50
Hz or 60 Hz)
AC-15 10 1 0.3 1 1 0.3 3%
DC T0.95 ms T0.95 ms Time ms
DC-13 1 1 6 x P 1 1 6 x P T0.95
DC-14 T0 T 15 T T 15 25%

I, Rated operatfonal current

| Current to be fnade or broken

U, Rated operational voltage

U Voltage before make

P = U, x |, Steddy-state power consumption, in W
T0.95 Time to reach 95% of the steady-state current

" See Clause 93.3.5.2.
2) For tolerancef on test quantities, see Clause 8.3.2.2 of the Standard for Low-Vdltage Switchgear and Controlgear|— Part 1:
General Rules,|UL 60947-1.

%) Both on-time Values (for Iaxe and for l..ax) shall be at least equal to 2 cyclés\or 25 ms for DC-14).
4 The value "6 k P" results from an empirical relationship which is found.to‘represent most dc magnetic loads to an {ipper limit of P

=50 W, i.e. 6 x[P = 300 ms. Loads having power consumption greaterthan 50 W are assumed to consist of smaller Joads in
parallel. Therefpre, 300 ms is to be an upper value, irrespective of the'power.

Table 8.10
Sequencg, number and rate of operation for verification of making and breaking capacities of

switching elements of control circuit.components under normal conditions corresponding to the
utilization categories™

Sequence, number and rate of operations

Order” Number Rate per minite
1 502 6
2 10 Rapidly®
3 990 60
4 5,000 6

" For all utilization categories the test sequence shall be in the order given.

2 The first 50 operating cycles shall be made with the test voltage raised to U, x 1.1, the test current I, having been first set with
the voltage at U,

%) As rapidly as possible whilst ensuring complete closing and opening of contacts.

8.3.4.3 Durability of isolation contactor and lockout switch

8.3.4.3.1 Elements of minimum mechanical and electrical durability are demonstrated in meeting the
performance requirements for the system isolation equipment components; however, additional levels of
durability may be required in order to meet the safety performance category classification in Clause 4.4.
Clause 7.2.4.3 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL
60947-1 applies in addition to Clause 8.3.4.3.2.
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8.3.4.3.2 The additional level of mechanical and electrical durability of the system isolation equipment
components is verified, when needed, by special tests conducted at the discretion of the manufacturer.
Instructions for conducting these tests are given in Clause 9.1.2.

8.3.5 Coordination with short-circuit protective devices (see Clause 8.2.5 of UL 60947-4-1A)

8.3.5.1 The rated conditional short-circuit current of the system isolation equipment (with short circuit
protective device) specified by the manufacturer shall be verified by short-circuit tests as specified in
Clause 9.

8.3.6 Leakage current when isolated (system isolation equipment isolation contactor)

8.3.6.1 Thqg leakage current shall be measured through each pole of the isolation contchtor with the
contacts in the open position. The value of leakage current, with a test voltage equal 0. 1,1 times the rated
operational voltage shall not:

a) Exgeed 0.5 mA per pole for equipment in a new condition;

b) EXceed 2 mA per pole for equipment having been subjected,'to the making pnd breaking
operdtions or short circuit test in accordance with the test requirements as specified herein.

8.3.6.2 A Ixakage current of 5 mA at 1.1 times the rated operational voltage is a limifing value for
equipment suiitable for isolation which value shall not be exceeded under any circumstances.

8.3.7 Mirror contacts

8.3.7.1 Depending on the design of the system isolation equipment, the auxiliary (mirror)| contact shall
comply with the A designated AC-15 or the N designated DC 13 ratings of Table 8.11.

Bxamples of mirror contact rating-lc-iaebslieg?\.a1t1ion based on utilization categori¢s
Conventional
enclosed
Utilization thermal Rated operational current |, (A) at rated operational
Designation” | category current Iy, A voltage U, VA rating
Alternating curient 120V 240V 380V 480V 500V 600V Make Break
A150 AC=\5 10 6 - - - - - 7{200 720
A300 AC~ 15 10 6 3 - - - - 7{200 720
AB00 AC=45 40 6 3 +9 +5 4 42 7,200 720
B150 AC-15 5 3 - - - - - 3,600 360
B300 AC-15 5 3 1.5 - - - - 3,600 360
B600 AC-15 5 3 1.5 0.95 0.75 0.72 0.6 3,600 360
C150 AC-15 25 1.5 - - - - - 1,800 180
C300 AC-15 25 1.5 0.75 - - - - 1,800 180
C600 AC-15 25 1.5 0.75 0.47 0.375 0.35 0.3 1,800 180
D150 AC-14 1.0 0.6 - - - - - 432 72
D300 AC-14 1.0 0.6 0.3 - - - - 432 72
E150 AC - 14 0.5 0.3 - - - - - 216 36
Direct current 125V 250V 400 V 500 V 600 V Make Break

Table 8.11 Continued on Next Page
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Table 8.11 Continued

Conventional
enclosed
Utilization thermal Rated operational current I, (A) at rated operational
Designation" | category current ly,.A voltage U, VA rating
N150 DC-13 10 22 - - - - 275 275
N300 DC-13 10 22 1.1 - - - 275 275
N600 DC-13 10 2.2 11 0.63 0.55 0.4 275 275
P150 DC-13 5 1.1 - - - - 138 138
P300 DC-13 5 1.1 0.55 - - - 138 138
P600 DC-13 5 1.1 0.55 0.31 0.27 0.2 138 138
Q150 DC-13 25 0.55 - - - - 49 69
Q300 DC-13 25 0.55 0.27 - - - 49 69
Q600 DC-13 25 0.55 0.27 0.15 0.13 0.1 49 69
R150 DC-13 1.0 0.22 - - - - 28 28
R300 DC-13 1.0 0.22 0.1 - - - 28 28

" The letter star]
insulation voltag

2 The rated ope
the formula B =

ds for the conventional enclosed thermal current and identifies (ac or dc): for example B means 5 A
e U; is at least equal to the number after the letter.

rational current |, (A), the rated operational voltage U, (V) and the breakapparent power B (VA) are

U, x 1,

hc The rated

(3]

torrelated by

8.3.7.2 The
electrical wesd

8.3.7.3 As g
gap(s) shall b

8.3.74 At t
according to
shall withstan

8.3.8 Functional requirements

8.3.8.1 Nor

8.3.8.1.1 In

a) Wh

auxiliary (mirror) contact component shall demonstrate resistance to me
r verified to a minimum of 10,000 cycles of opérations as in Clause 8.3.4.3.

result of the test in Clause 9.3.5 on each-pole of the isolation contactor, the n
e greater than 0.5 mm or there shall be-no disruptive discharge across the mirro

ne end of the conventional eperational performance tests of the respecti
Clause 9.3.3.6, it shall be vetified that, when the coil is energized, the open n
d its rated insulation voltage.U,.

mal operation

normal operation the system isolation equipment shall meet the following functig

bn-aockout switch is placed in the off (open) position the system isolation equip

thanical and

hirror contact
r contact.

e contactor,
hirror contact

nal criteria:

ment:

1) Isolates the connected equipment from the source voltage; and

2) Verifies the isolation of the connected equipment by:

i) Checking the position of the isolating device(s) have been opened and

ii) Positively confirms that there is no motive voltage on the load side of the system

isolation equipment; and
iii) No faults detected in the system isolation equipment.
3) Once verification is established by (a)(2),

i) The verification light is illuminated at the lockout station,
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8.3.8.2 Fau

83821 T

that:

i) The isolated condition remains as long as any lockout switch remains in the off

(open) position; and

i) It shall not be possible for the isolation contactor to be re-closed only by

interruption and restoration of the mains power supply.

b) When any lockout switch is in the off (open) position:

1) All lockout stations which remain in the on (closed) position shall not have their

verification lights illuminated; and

2) Any subsequent lockout switches which are placed into the off (open)
system isolation equipment fulfills the steps in (a)

c) Up
statio

d) Up
close

a) Un
statio

bn returning a lockout switch to the closed (ON) position, the verification light'a
h is de-energized, and the isolation contactor shall close only when:

1) All lockout switches are in the closed (ON) position; and

2) No internal faults are detected within the system isolation equipment. A fg
detectable until a system transition occurs, i.e. from on to.off or from off to
result in an unsafe condition.

on restoration of power to the system isolation equipment, the isolation contg

1) Until a deliberate manual command er operation to the system isolatiq
control circuit has been executed; and

2) All lockout switches are in the closed (ON) position; and

3) No internal faults are detected within the system isolation equipment. A f3
detectable until a system transition occurs, i.e. from on to off or from off to
result in an unsafe condition.

It reaction requirements

ne system isplation equipment shall respond to single faults listed in Clause

der any-eperating condition, a false verification indication shall not be given 3
n;

position, the

t that lockout

ult that is not

on, shall not

ctor shall not

n equipment

ult that is not
on, shall not

8.3.8.3, such

t any lockout

b) At power on, prior 1o isolation contacior being closed, the control functions shall be monitored to
verify the absence of internal faults within the system isolation equipment. If an internal fault is
detected, the isolation contactor shall not close. A fault that is not detectable until a system
transition occurs (i.e. from on to off or from off to on, shall not result in an unsafe condition).

c) If an internal fault is detected after verification is established, the isolated condition remains as
long as the lockout switch remains in the off (open) position, including a failure of the verification

light.

d) Re-closure of the isolation contactor is not possible as long as an internal fault in the system
isolation equipment is present. A fault that is not detectable until a system transition occurs (i.e.
from on to off or from off to on, shall not result in an unsafe condition).
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e) A manual reset command or operation of the internal control circuit of the system isolation
equipment is required following the repair of the failure to initiate the control fault monitoring
process, and if no faults are detected, the normal operating condition is restored.

8.3.8.2.2 The effect of component failure upon the system isolation equipment performance shall be
determined using an analysis method such as one of those mentioned in Clause 9.3.6.

8.3.8.3 Component failures to be addressed

8.3.8.3.1 The component/equipment failures to be addressed using the failure analysis method selected
from Clause 9.3.6 in the design of the system isolation equipment include, but are not limited to:

a) Power contactor failures;

1) Power contact(s) broken or welded, won't open.

2) Auxiliary contact won't change state due to mechanical link failure.
3) Auxiliary contact(s) welded.

4) Auxiliary contact(s) not making circuit due to corrosion-ar other foreign matetial.

b) Connection from monitored circuits to voltage check component (e.g. relays) failures;

1) One wire open.

2) Multiple wires open.

c) Voltage check (e.g. relays) failures;

1) Open caoil.

2) Contact won't change state due to mechanical link failure.

3) Contact(s) welded.

4) Contact(s) not making circuit due to corrosion or other foreign material.
d) Rated safety camponents used within the system isolation equipment failures;
1) Example failures to consider:

i) Open caoil.

ii) Contact won't change state due to mechanical link failure.
i) Contact(s) welded.
iv) Contact(s) not making circuit due to corrosion or other foreign material.
v) Other internal failure of the respective component.
2) Lockout switch failures;
i) Circuits to switch shorted.
ii) Circuits to switch open.

iii) N.O. contacts will not open.
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iv) N.O. contacts will not close.

v) N.C. contacts will not open.

vi) N.C. contacts will not close.

vii) Contacts won't change state due to mechanical link failure.
viii) N.C. auxiliary contact will not open.

ix) N.C. auxiliary contact will not close.

3) Verification light at lockout station failure;

i) Light burn out.

8.3.8.3.2 O
prevent it fro

verall design of the system isolation equipment shall be such that™any faild
M performing in accordance with Clause 4.4.

8.4 Electrgmagnetic compatibility (EMC) (see 8.3 of UL 60947-4-1A)

8.4.1 General

8.4.1.1 For|products falling within the scope of this standard,4wo sets of environmental ¢
considered and are referred to as environment A and environment B. See Clause 8.4.3.

8.4.1.2 Power frequency magnetic field tests are naot.required when contactors are used
demonstratefl by the successful completion of the operational performance capability tests.
9.3.3.5 and 9.3.3.6 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1

and Motor-S{arters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.
8.4.1.3 This equipment is inherently sensitive to voltage dips and short time interruptions
supply. It shall react within the limits of Clause 8.2.1.2 and this is verified by the operating lim
in Clause 9.8.3.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1
and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.
8.4.2 Immunity

8.4.21 Equipment.not incorporating electronic circuits

8.4.2.1.1 For.electro-mechanical contactors and relays which do not incorporate act

re(s) will not

onditions are

. Immunity is
See Clauses
A: Contactors

bn the control
ts tests given
A\: Contactors

ve electronic

circuits, no immunity tests are required.
8.4.2.2 Equipment incorporating electronic circuits

8.4.2.2.1 Equipment incorporating electronic circuits shall have a satisfactory

immunity to

electromagnetic disturbances. The appropriate tests to verify the compliance with these requirements are
in Clause 9.4. Equipment utilizing electronic circuits in which all components are passive (for example,
diodes, resistors, varistors, capacitors, surge suppressors, inductors) are not required to be tested.

8.4.2.2.2 The performance criteria are quoted in Table 8.12 and described in more detail in Table 8.13.
Normal performance is as defined under normal operation criteria, Clause 8.3.8.1 and fault reaction
criteria, Clause 8.3.8.2.
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Note — The test results are specified using the performance criteria of the Standard for Electromagnetic Compatibility (EMC) — Part 4-
2: Testing and Measurement Techniques — Electrostatic Discharge Immunity Test, IEC 61000-4-2, Clause 9, Evaluation of test
results.

Table 8.12
Performance criteria for immunity tests

Performance criteria Test result
1 Normal performance within the specification limits
2 Temporary degradation, or loss of function or performance which is self-recoverable
3 Temporary degradatlon or loss of functlon or performance which requires
per be-restorable by
simple intervention, for example by manual reset or restart. Thereshall not be any
damaged component.

Table 8.13
Specific acceptance criteria for immunity tests

Acceptance criteria
Item 1 2 3

Operation of power and
control circuits

No mal-operation Temporary mal-operation which

cannot cause tripping

Tripping of overlgad relay

Unintentianalyseparation or
closure of contacts is not

Unintentional segaration or
closure of contacjs

information

accepted
Self-recoverable Not self-recoveraple
Operation of digplays No changes to visible display Temporary visible changes, for Permanent loss df display

information

and auxiliary cifcuits example unwanted LED

illumination

Only slight light intensity
fluctuations of LEDs or.
movement of characters

No mal-operation of auxiliary
contacts

Mal-operation of auxiliary
contacts

8.4.3 Emission

8.4.3.1 Thellevel of severity required for environment B covers those required for environment A.

Note 1 — Enviroriment 1.in‘the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —
Electromechanicpl Contactors and Motor-Starters, UL 60947-4-1A, and environment B in the Standard for Low-Volfage Switchgear
and Controlgear |-Part 1 General Rules UL 60947 1: malnly relates to low- voltage publlc networks such as residerjtial, commercial
and light industrte ato Fon y B e e welders. In the
Standard for Low-VoItage SW|tchgear and Controlgear —Part 1: General Rules UL 60947 1 Clause 7.31, enV|ronment B is referred
to in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical
Contactors and Motor-Starters, UL 60947-4-1A, Tables 14 & 15, as environment 1 and corresponds to environment class B in the
Standard for Industrial, scientific and medical equipment — Radio-frequency disturbance characteristics — Limits and methods of
measurement, CISPR 11.

Note 2 — Environment 2 in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —
Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, and environment A in the Standard for Low-Voltage Switchgear
and Controlgear — Part 1: General Rules, UL 60947-1: mainly relates to low-voltage non-public or industrial
networks/locations/installations including highly disturbing sources. In the Standard for Low-Voltage Switchgear and Controlgear —
Part 1: General Rules, UL 60947-1, Clause 7.3.1, environment A is referred to in the Standard for Low-Voltage Switchgear and
Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, Tables
14 & 15, as environment 2 and corresponds to environment class A in the Standard for Industrial, scientific and medical equipment —
Radio-frequency disturbance characteristics — Limits and methods of measurement, CISPR 11.
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8.4.3.2 Equipment not incorporating electronic circuits

8.4.3.2.1 For electro-mechanical contactors and relays which do not incorporate active electronic
circuits, no emission tests are required.

8.4.3.3 Equipment incorporating electronic circuits

8.4.3.3.1 Limits for high-frequency emissions — Equipment incorporating electronic circuits, such as
switched mode power supplies and circuits incorporating microprocessors with high-frequency clocks,
may generate continuous electromagnetic disturbances. Radiated radio-frequency emission tests are

required only for equipment incorporating circuits with fundamental switching frequency greater than 9,000
Hz. For such nmiecinne, these shall not exceed the limits cpnr\ifinr] n-the rolevant prndl wct-standard.

Note — Within this equipment assembly the components which are used generally have their own product stahdprd. The product
standard limits |are based on the Standard for Industrial, scientific and medical equipment — Radio:ffequgncy disturbance
characteristics 4+ Limits and methods of measurement, CISPR 11 for environment A and for envirénment B or| based on limits
contained in the| Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, the Standard for Low-
Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters,
UL 60947-4-1A,Jand FCC regulations. If such components are used, it is recommended that the assembled equipmgnt be also tested
to ensure that the high frequency emissions are not enhanced by the assembly or normal conneetions effects.

8.4.3.3.2 Limits for low-frequency emissions — For equipment which generates low frequeng¢y harmonics,
where applichble, the requirements of Table 8.14 apply.

Table 8.14
Limits for low frequency harmonics
Harmonic order ] Maximum permissible harmonic current
Odd order harmonics
3 23
5 1.14
7 0.77
9 0.40
11 0.33
13 0.21
15<n's 39 0.1515/n

Even order hajmonics

2 1.08

4 0.43

6 n_Qn
8<n<40 0.23 8/n

Note — Additional information may be found in the Standard for Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current Less than or equal to 16 A per phase), IEC 61000-3-2.

8.4.3.3.3 For equipment which generates low frequency voltage fluctuations, a relative voltage
fluctuation limit of 6% applies.

Note — Additional information may be found in the Standard for Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment with rated current <16 A per
phase and not subject to conditional connection, IEC 61000-3-3.
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9 Tests

9.1

Kinds of test

9.1.1 General

9.1.1.1

Kinds of tests related to contactors in Clause 9.1 of the Standard for Low-Voltage Switchgear and

Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-
Starters, UL 60947-4-1A apply with the following additions.

9.1.1.2 Kinds of tests related to control circuit devices in Clause 8.1 of the Standard for Low-Voltage

LU 0047

Switchgear a
9.1.2 Speci
9.1.21
9.1.21.1 8q
9.1.2.2 Me¢

9.1.2.21 By

lockout switch is defined as the number of no-load operating ‘€ycles which would be attained

by 90% of 3

mechanical parts; however, normal maintenance including replacement of contacts as

Clauses 9.1.4

pl tests (see Clause 9.1.5 of UL 60947-4-1A)

General

<l O 4 l Dot 4. O Ll 4 1 et £o11 H <l
1 \JUIILIUIHUGI — T dit 1. UCTTITTdI T\UITS, UL UUJIST 1 apply VWILTT UTC TUITOUVVII IH ayJu

ecial tests are durability tests.
hanical and electrical durability — general

convention, the mechanical and electrical durability. of a design of an isolation ¢
Il the apparatus of this design before it becomes necessary to service or

.3.1and 9.1.2.3.3 is allowed.

9.1.2.2.2 TH
0.3,1, 3, and

9.1.2.3 Mec

9.1.231 C

9.1.2.3.1.1
connected in

9.1.231.2

lubricated beflorethe test if lubrication is prescribed in normal service.

e preferred numbers of no-load pperating cycles, expressed in millions, are: 0.
10.

hanical durability — verification of mechanical durability
ndition of the contactor for tests

he contactor'shall be installed as for normal service; in particular, the condud
he same‘mahner as for normal use.

uring'the test, there shall be no voltage or current in the main circuit. The cont

itions.

ontactor or a
or exceeded
replace any
specified in

D1, 0.03, 0.1,

tors shall be

actor may be

9.1.2.3.2 Operating conditions

9.1.2.3.2.1
applicable, at

9.1.23.2.2

their rated frequency.

The coils of the control electromagnets shall be supplied at their rated voltage and, if

If a resistance or an impedance is provided in series with the coils, whether short-circuited

during the operation or not, the tests shall be carried out with these elements connected as in normal

operation.

9.1.2.3.2.3 Pneumatic and electro-pneumatic contactors shall be supplied with compressed air at the
rated pressure.
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9.1.2.3.3 Test procedure

9.1.2.3.3.1 The tests are carried out at the frequency of operations corresponding to the class of
intermittent duty. However, if the manufacturer considers that the contactor can satisfy the required
conditions when using a higher frequency of operations, he may do so.

9.1.2.3.3.2 In the case of electromagnetic and electro-pneumatic contactors, the duration of energization
of the control coil shall be greater than the time of operation of the contactor and the time for which the caoil
is not energized shall be of such a duration that the contactor can come to rest at both extreme positions.
The number of operating cycles to be carried out shall be not less than the number of no-load operating

cycles stated by the manufacturer.

9.1.2.3.3.3
the total num

For contactors fitted with releases with shunt coils or undervoltage releases! ‘a
ber of opening operations shall be performed by these releases.

least 10% of

9.1.2.3.3.4 |After each tenth of the total number of operating cycles given in Clause 9.1.2J2.2 has been
carried out, if is allowable before carrying on with the test:
a) To clean the whole contactor without dismantling;
b) To Jubricate parts for which lubrication is prescribed by the‘manufacturer for normal|service;
c¢) To pdjust the travel and the pressure of the contacts if.the€ design of the contactor gnables this to
be dope.
9.1.2.3.3.5 |This maintenance work shall not include any.-replacement of parts.
9.1.2.3.4 Rpsults to be obtained
9.1.2.3.4.1 [|Following the tests of mechanical durability, the contactor shall still be capable| of complying
with the operating conditions specified.in"Clause 8.3.1.2 and in the Standard for Low-Voltage Switchgear
and Controldear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactofs and Motor-
Starters, UL [60947-4-1A, Clause, 9:3.3.2, at room temperature. There shall be no loosening of the parts

used for confecting the conducters:

9.1.234.2
9.1.235 S

9.1.2.3.5.1
verified by a

Any timing relays or other devices for the automatic control shall still be operatin
atistical analysis of test results for contactors

[The mechanical durability of a design of a contactor is assigned by the man

ufacturer and

statistical analysis of the results of the tests.

9.1.2.3.5.2 For contactors which are produced in small quantities, the tests described in Clauses
9.1.2.3.6 and 9.1.2.3.7 do not apply.

9.1.2.3.5.3 For contactors which are produced in small quantities and which also differ from a basic
design only by detailed variations, that is, without any significant variation without notable influence on
characteristics, the manufacturer may assign mechanical durability on the basis of experience with similar
designs, analysis, properties of materials, etc., and on the basis of the analysis of test results on large
quantity production of the same basic design.

9.1.2.3.5.4 After this assignment, one of the two tests described in Clause 9.1.2.3.6 or 9.1.2.3.7 shall be
performed. It should be selected by the manufacturer as being the most suitable in each case, for example
according to the quantities of planned production or according to the conventional thermal current.
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Note — This test is not intended to be a lot-by-lot or production acceptance test for application by the user.

9.1.2.3.6 Single 8 test

9.1.2.3.6.1

9.1.2.3.6.2

Eight contactors shall be tested to the assigned mechanical durability.

If the number of failures does not exceed two, the test is considered passed.

9.1.2.3.7 Double 3 test

9.1.2.3.71

9.1.23.7.2

9.1.2.3.7.3
mechanical d

9.1.23.74

Note — The sing
attributes, IEC 6
chosen with the
(acceptance qua

9.1.2.4 Elec

9.1.2.41

9.1.24.11

operating cyg
made without

9.1.24.1.2
give the appr

9.1.24.1.3

9.1.2414

a) Current:

b) Voltage:

Three contactors shall be tested to the assigned mechanical durability.

Bhould there be one failure, then three additional contactors are tested up
Lirability and, providing there is no additional failure, the test is considered passe

The test is failed if at any time there is a total of two or more failures.

8 test and the double 3 test are both given in the Standard for Sampling plans and procedures f
(see tables X-C-2 Sample size code letter C and X-D-2 Sample'size code letter D). These two

[
410
bjective of basing them on testing a limited number of contacterson essentially the same statistica

ity level: 10%).

trical durability — verification of electrical-durability

Telst procedure for contactors

\Vith respect to its resistance to(electrical wear, the contactor is by the numb
es corresponding to the different utilization categories given in Clause 8.3.4.2
repair or replacement.

For categories AC the, test circuit shall comprise inductors and resistors so ar
ppriate values of current, voltage and power factor given in Clause 8.3.4.2.

In all cases,the speed of operation shall be chosen by the manufacturer.

The tests'shall be taken as valid if the values recorded in the test report differ frg
specified only

within'the following tolerances:

The test is considered passed if there is no failure, and failed if there is more thalL one failure.

to assigned
d.

lor inspection by
tests have been
| characteristics

er of on-load
which can be

ranged as to

m the values

+5%;

+5%.

9.1.2.4.1.5 Tests shall be carried out with the contactor under the appropriate conditions of Clauses
9.1.2.3.1 and 9.1.2.3.2 using the test procedure, where applicable, of Clause 9.1.2.3.3, except that

replacement of contacts is not allowed.

9.1.2.4.1.6 After the test, the contactor shall fulfill the operating conditions specified in Clause 9.3.3.2
and withstand a dielectric test voltage as in Clause 9.3.3.4.2.
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9.1.2.4.2 Electrical durability test procedures for control circuit devices (relays and lockout

switches)
9.1.2.4.2.1 Electrical durability tests are carried out by operating the device under the conditions defined
in Table 9.1, in accordance with Clause 9.1.2.4.2.5 for ac or with Clause 9.1.2.4.2.8 for dc.
Table 9.1
Making and breaking conditions for electrical durability
Kind of Utilization
current Category Make Break
Alternating AC-15 | U cos @ | U cos @
10 1, Ue 0.7" le Us 0.4"
Direct? DC-13 | U To.95 I U Togs
le Ue 6 x P¥ le Ue 6 x P3)

| Current to be
U, Rated oper:
U Voltage

P=U,xlI, Ste

|, Rated operal

To.95 Time to rg

ional current

made or broken
htional voltage

hdy-state power consumption, in W

ach 95% of the steady-state current in milliseconds

characteristics|

3 The value "6,
=50W,ie.6
parallel. There

" The power-fz

simulate the dd

of coil circuits. It should be noted that, for circuits with power-factor 0.4, shunt resistors are used in |
mping effect on the eddy current losses of the actual‘electromagnet.

2) For dc electrpmagnetic loads provided with switching devices introducing an economy resistor, the rated operatidg
shall be at leadt equal to the maximum value of the inrush current.

x P" results from an empirical relationship.which is found to represent most dc magnetic loads to an

ore, 300 ms is to be an upper value,irrespective of the power.

ctors indicated are conventional values and apply only to‘the’test circuits which simulate the electrig

P =300 ms. Loads having power consumption greater than 50 W are assumed to consist of smalle]

Al
he test circuit to

nal current

upper limit of P
I loads in

9.1.24.2.2

9.1.24.2.3
operating cy

shall not cauge overheating. See Figure 9.2 for examples of contact element schematic sketg

Each mechanical operating cycle shall include an interruption of test current.

[The ON-duration-of current shall be not more than 50% and not less tha
le. If the testicircuit shown in Figure 9.1(a) is used, the ON-duration of current

n 10% of an
bt ten times |
hes.
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Figure 9.1
AC test circuits (see Clause 9.1.2.4.2.5)
(a) Normal circuit (see Clause 9.1.2.4.2.5) — (b) Simplified circuit (see Clause 9.1.2.4.2.6)

le
. cosp~ 0,4
Device under test

le Device under test
10/e cosp ~ 0,4
cosp ~ 0,7 l — -

l l l 0,03 /e . l l0,0S le

R R

| [« ] (]

S4883
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Figure 9.2

Examples of contact elements (schematic sketches)

Figure No. Figure Symbols Forms Description
. Note 1 Single gap contoct element with two
a) terminals
I~ 8
Note 1
— = | — X
4 Note ! Double gop contoct element with two
b) I ! termindls
i Y
Note 1
—
— I Change—over, single gap, contact
4c) _’l/_ element with three terminals
Note 1
g Change-over, double gdp, contact
4d) Za element with four termihals
Note — The contacts are| of the same
—  — — polarity
N Change-over, double gap, contact
4e) I b element with four terminals
| (The two moving cor;tacts are
electrically separated
N —

$4884
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9.1.2.4.2.4 Alternatively these tests may be performed on the actual load for which the control relay or
lockout switch is intended.

9.1.24.25

In the AC tests the circuit to be used shall be as shown in Figure 9.1(a), comprising of:

a) A making circuit, consisting of an air-cored inductor, in series with a resistor, having a power

factor

of 0.7 and drawing a current of 10 I;

b) A breaking circuit, consisting of an air-cored inductor in series with a resistor, the whole being in
parallel with a resistor in which flows about 3% of the breaking current |, so that the total power

factor

9.1.24.2.6
made with th
schematic sk

9.1.24.27

9.1.24.28

a) An

test ci

be of 0.4.

It in the AC tests the contact element has a bounce time less than 3 ms, the
b simplified circuit shown in Figure 9.1(b). See Figure 9.2 for examples of cor
btches.

The test report shall record which test circuit has been used.

The DC test circuits to be used shall consist of:

hir-cored inductor in series with a resistor. A resistor shall‘\be connected across
Fcuit to simulate the damping due to eddy currentsi/the resistance value shall

test may be
tact element

the complete
be such that

1% of[the test current will pass through this resistor; or
b) An|iron-cored inductor, in series with a resistor-if required, to obtain a duratipn T0.95 as
indicafed in Table 9.1. It shall be verified, by oscillograms, that the time to reach 95% ¢f the steady-
state gurrent is equal to the value given in Table 9.1 £10%, and the time to reach 63% of the
steady-state current is one-third of the valuegiven in Table 9.1 £20%.
9.2 Compliance with constructional requirements
9.2.1 Clauseg 8.2 of the Standard for-Low-Voltage Switchgear and Controlgear — Part 1: Gegneral Rules,
UL 60947-1, applies except for Clauses’8.2.5 and 8.2.6 with the following additions.
9.2.2 \Verifigation of direct (positive) operation of the lockout switch
9.2.2.1 General
9.2.2.1.1 Tq verify-the direct (positive) operation of the lockout switch contacts as required by Clauses
8.2.5.1.1 and|8.2.672.2, the means of indication of contact position shall continue to function gorrectly after
the Operatio a pcrfurmanuc typc tests; the—actuator oti’cngth tests i'cq'uiii'cd by Clauses—8.2.6.2.1 and
8.2.6.2.5.
9.2.2.2 Method of test — dependent and independent manual operation
9.2.2.2.1 The normal operation force, F, required at the extremity of the actuator to operate the lockout

switch into the open position shall first be determined. During the rotation testing process the test sample
shall be mounted according to the manufacturer's instructions.

9.2.2.2.2 With the lockout switch in the closed position, the fixed and moving contacts of the pole for
which the test is deemed to be the most severe shall be fixed together, for example, by welding.
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9.2.2.2.3 The lockout switch actuator shall be submitted to a test force of 3F but which, however, shall
not be less than the minimum value of 100 N or more than the maximum value of 200 N. For a rotary
lockout switch, the test force shall be applied as indicated in Figure 9.3.

Figure 9.3

Rotary lockout switch actuator test force

—~
A1 N

90°

>

S4794

9.2.2.2.4 The test force shall be applied without shock to the extremity of the actuator ¢f the lockout
switch or a control circuit device rotary switch, for a period of 10 s, in the direction to open the|contacts.

9.2.2.2.5 The direction of the test force with respect to the actuator shall be maintained throughout the
test.

9.2.2.3 Condition of lockout switch after test

9.2.2.3.1 After the test, when the test force is no longer applied, the actuator being left free shall remain
in the on (closed) position and the lockout switch shall not show any damage such as to impair its normal
operation.

9.2.2.3.2 It shall not be possible to lock the lockout switch in the open position while the test force is
applied.

9.2.2.4 Verification of limitation of rotation (of a rotary lockout switch based on Clause 8.2.4):

9.2.2.4.1 The operation moment shall be measured five times and the maximum value recorded. The
maximum moment value, multiplied by five, shall be applied to the actuator by forcing it against each
means of limitation. The moment shall be applied for 10 s.
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9.2.2.4.2 The test is passed if each means of limitation has not moved, become loose or prevented the
actuator's normal operation.

9.3 Performance

9.3.1 Test sequences

9.3.1.1

Clause 9.3.1 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,
applies to tests conducted on isolating contactor and shorting contactor and the following addition, Clause
9.3.1.2, applies for control circuit devices.

9.3.1.2 Test
representativ

9.3.1.3 Test
9.3.1.3.1 Te
9.3.1.32 Te
9.3.1.3.3 Te

9.3.1.34 T¢
Switchgear a
Terminals for

9.3.1.4 Test

9.3.14.1 Te
(Clause 9.3.3

9.3.14.2 T¢
9.3.1.5 Test

9.3.1.51 Te
(Clause 9.3.3

sequences for control circuit devices; the type and sequence of tests to be
p samples are as follows.

sequence | (sample No. 1)

st No. 1 — Operating limits of contactors and relays (Clause 9.3:3:2), if applicablg.

st No. 2 — Temperature rise (Clause 9.3.3.3).
st No. 3 — Dielectric properties (Clause 9.3.3.4).

st No. 4 — Mechanical properties of terminals (Clause 8.2.4 of the Standard for
nd Controlgear — Part 1: General Rules, UL'60947-1, and the Standard for Equi
Use with Aluminum and/or Copper Conductors, UL 486E).

sequence |l (sample No. 2)

st No. 1 — Making and breaking capacities of switching elements under norm
16.2).

st No. 2 — Dielectrig verification (Clause 9.3.3.6.4).
sequencedll(sample No. 3)

st No, "~ Making and breaking capacities of switching elements under abnorn
6.3).

erformed on

Low-Voltage
bment Wiring

al conditions

al conditions

93152 Te

st No. 2 — Dielectric verification (Clause 9.3.3.6.4).

9.3.1.6 Test sequence IV (sample No. 4)

9.3.1.6.1

9.31.6.2 Te

Test No. 1 — Performance under conditional short-circuit current (Clauses 9.3.4.3 — 9.3.4.6).

st No. 2 — Dielectric verification (Clause 9.3.3.6.4).

9.3.1.7 Test sequence V (sample No. 5)

9.3.1.71

for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1).

Test No. 1 — Degree of protection of enclosed control circuit devices (Annex C of the Standard
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9.3.1.7.2 Test No. 2 — Verification of actuation force or moment (Clause 9.2.2.2).

9.3.1.8 Tes

9.3.1.8.1

t sequence VI (sample No. 6)

Test No. 1 — Measurement of clearances and creepage distances, if applicable (Clause 7.1.3 of

the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1).

9.3.1.8.2 Test No. 2 — Verification of limitation of rotation of a rotary switch (Clause 9.2.2.4).

9.3.1.9 There shall be no failure in any of the above tests.

9.3.1.10 M
request of th
above.

e than one test sequence or all tlest sequences may be conducted on ong
e manufacturer. However, the tests shall be conducted in the sequence given, for

9.3.2 General test conditions

9.3.2.1 Cla

hse 9.3.2 of the Standard for Low-Voltage Switchgear and Controlgear

Contactors @nd Motor-Starters — Electromechanical Contactors and< Motor-Starters, UL

applies for te

9.3.2.2 Cla
Rules, UL 6(
9.3.2.9.

sts conducted on isolating contactor and shorting contactor:

ise 8.3.2.1 of the Standard for Low-Voltage Switehgear and Controlgear — P3
947-1, applies for tests conducted on control, citcuit devices in addition to Clay

tample at the
each sample

- Part 4-1A:
60947-4-1A,

rt 1: General
ses 9.3.2.3 —

9.3.2.3 General requirements; the tests shall be performed with the actuator operated by a machine

complying W
9.3.2.5.

9.3.24 For
force (or mor

a) Th
follow

th the requirements of Clause 9.3.24 or, for a rotary switch, in accordance

push-buttons and/or related control switches the operating machine shall apply
hent) to the actuator in thie direction of its motion.

e force (or moment).'or the travel of the operating machine shall comply wi
ing conditions according to the manufacturer's instructions:

1) The maximum force (or moment) exerted on the actuator shall not exceed
force (ordanoment) required for maximum over-travel of the contact element(s);

2). The over-travel of the contact elements shall be between 50% and 80% of t
inhéerent in the design of the contact elements.

with Clause

the actuating

h one of the

1.5 times the

he over-travel

b) During the whole part of the operating cycle where the contacts move from the open to closed
position (or vice versa) or at least at the moment when the switching operation occurs, the velocity
of the operating machine, measured where it touches the actuator, shall be between 0.05 m/s and
0.15 m/s.

c) The mechanical connection between the operating machine and the actuator shall have a
sufficient free play (lost motion) to avoid the operating machine impeding the free motion of the
actuator away from it.

9.3.2.5 For switches fully rotary in both directions, one operating cycle comprises either one fully
clockwise operation of the actuator or one fully anti-clockwise operation of the actuator. However, in this
case approximately three-quarters of the total number of operating cycles shall be made in the clockwise
direction, followed by the remainder in the anti-clockwise direction. The angular velocity shall be between
0.5 to 1 revolution per second.
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9.3.2.6 Test quantities; Clause 8.3.2.2 of the Standard for Low-Voltage Switchgear and Controlgear —
Part 1: General Rules, UL 60947-1, applies except for Clause 8.3.2.2.3.

9.3.2.7 Evaluation of test results; Clause 8.3.2.3 of the Standard for Low-Voltage Switchgear and
Controlgear — Part 1: General Rules, UL 60947-1, applies in addition to Clauses 8.3.1 — 8.3.8 and Clauses
9.3.2.8-9.3.2.9.

9.3.2.8 The condition of the control circuit device after each test shall be checked by the verifications
applicable to each test.

9.3.2.9 A control circuit device is deemed to have met the requirements of this standard if it meets the

requirements

ofeachtaest and/ortest seauence as annlicahle
< L o4 T

9.3.3 Performance under no load, normal load, abnormal load and over load conditions

9.3.3.1 Operation

9.3.3.1.1 Clpuse 9.3.3.1 of the Standard for Low-Voltage Switchgear ‘and Controlgear + Part 4-1A:
Contactors and Motor-Starters — Electromechanical Contactors and¢Metor-Starters, UL [60947-4-1A,
applies for tegts conducted on isolating contactor and shorting contactot.

9.3.3.1.2 Clpuse 8.3.3.1 of the Standard for Low-Voltage Switchgear and Controlgear — Pgrt 1: General
Rules, UL 60947-1, applies for tests conducted on control circuit devices.

9.3.3.2 Operating limits

9.3.3.2.1 Clause 9.3.3.2 of the Standard for Lew-Voltage Switchgear and Controlgear + Part 4-1A:
Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL [60947-4-1A,
applies for tegts conducted on isolating contactor and shorting contactor.

9.3.3.2.2 Clause 8.3.3.2 of the Standard for Low-Voltage Switchgear and Controlgear — Pqrt 1: General
Rules, UL 60947-1, applies for tests ‘conducted on control circuit devices.

9.3.3.2.3 A joltage monitoring-Circuit associated with the system isolation equipment shall pperate as in
Clauses 8.3.1.4 and 8.3.84.1(a) even with a slowly falling voltage present on the load side ¢f the system
isolation equipment.

9.3.3.3 Temperature rise

9.3.3.3.1 Clause 9.3.3.3 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:
Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,
applies for tests conducted on isolating contactor and shorting contactor.

9.3.3.3.2 Clause 8.3.3.3 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General
Rules, UL 60947-1, applies for tests conducted on control circuit devices in addition to Clauses 9.3.3.3.3 —
9.3.3.34.

9.3.3.3.3 All switching elements of the control circuit device shall be tested. All switching elements that
may be simultaneously closed shall be tested together. However, switching elements forming an integral
part of an actuating system in such a manner that the elements cannot remain in the closed position, are
exempt from this test.

Note — Several temperature-rise tests may be necessary if the control circuit device has several positions in which switching
elements are in their closed position.
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9.3.3.3.4 The minimum length of each temporary connection, from terminal to terminal, shall be 1 m.

9.3.3.4 Dielectric properties

9.3.3.4.1 Clause 8.3.3.4 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General
Rules, UL 60947-1, with the addition of Clause 9.3.3.4.2 for the isolating contactor.

9.3.3.4.2 The isolation contactor shall additionally comply with the impulse withstand test for equipment
suitable for isolation with a minimum value of impulse test voltage of 8000 V. See Table 9.2, Test voltages
across the open contacts of equipment suitable for isolation.

Table 9.2
Test voltages across the open contacts of equipment suitable for isolation
Test voltages and corresponding altitudes
Rated impulge withstand Us.2i50 KV
voltage Uiy, kV Sea level 200 m 500 m 1,000 m 2,000 m

8.p 12.3 12.1 11.7 11.1 10

1% 18.5 18.1 17.5 16.7 15
Note — Uy 50 3 1.2/50 ps impulse test voltage, the Standard for Low-Voltage Switthgear and Controlgear — Part 1: General Rules,

UL 60947-1, C

Uimp = Rated ir]
60947-1, Clau

ause 8.3.3.4.1

hpulse withstand voltage, the Standard for Low-Voltage Switchigear and Controlgear — Part 1: Gener|
e4.3.1.3

Bl Rules, UL

93343 C

General Rulgs, UL 60947-1, applies for tests canducted on system isolation equipment co

accordance

93344 T
applied as fo

— Bet

—Be

be toliched in senvice, conductive or made conductive by a metal foil;

— Bet

9.3.3.5 Ma

ause 8.3.3.4.1(3) of the Standard for.Low-Voltage Switchgear and Controlg

vith Clause 9.3.3.4.4.

ne system isolation equipment control circuit shall be capable of withstanding th
lows:

ween live parts of the control circuit and grounded parts;

ween live parts.of the lockout station control circuit and surfaces of the lockout s

ween live/parts of the control circuit and isolated inputs and outputs.

King and breaking capacities for contactors

ear — Part 1:
ntrol circuit in

e test voltage

tation likely to

9.3.3.5.1

Clause 9.3.3.5 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,

applies for te

sts conducted on isolating contactor and shorting contactor.

9.3.3.5.2 Clause 9.3.3.6 applies only for tests conducted on control circuit devices.

9.3.3.6 Making and breaking capacities for control circuit switching elements

9.3.3.6.1 Test circuits and connections

9.3.3.6.1.1

Tests for verification of making and breaking capacities shall be made acc

general test requirements stated in Clause 9.3.2.2.

ording to the
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9.3.3.6.1.2 Tests shall be carried out on a single-pole element or on one pole of a multi-pole device
provided that all pole elements are identical in construction and operation.

9.3.3.6.1.3 Adjacent contact elements are considered to be of the opposite polarity unless otherwise
stated by the manufacturer.

9.3.3.6.1.4 Change-over contacts of forms C and Za are of the same polarity and change-over contacts
of form Zb are of the opposite polarity.

9.3.3.6.1.5 Single-pole elements or contact elements in a multi-pole device stated as the same polarity

shall be connected in accordance with the circuit shown in Figure 9.4. Any adjacent contact elements not
being tested shallnot-be-connected-See-Figure- 9.2 for nvgmpln: of contactelementschematic sketches.

Figure 9.4

Test circuitg for multi-pole control switches — Contacts of same polarity, notelectrically separated

o Metal epclosure

S\S S\T_ s% As\(
Contacts of |same polarity not Supply \_

electrically geparated

L

— — — — 1— -
~ or.=—

S4885 e, L 4

9.3.3.6.1.6 Change-over contacts of forms C and Za shall be subject to separate tests in the normally
open and normally closed positions connected in accordance with Figure 9.4.

9.3.3.6.1.7 Contact elements of the opposite polarity shall be connected in accordance with the circuit
shown in Figure 9.5. Adjacent contact elements of the opposite polarity not being tested shall be jointly
connected to the supply, as shown. See Figure 9.2 for examples of contact element schematic sketches.
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Figure 9.5

Test circuits or multi-pole control switches — contacts of opposite polarity, and not electrically

separated

Metal enclosure

——

R

Contacts of
and electrig

54886

9.3.3.6.1.8
normally clos
shown in Fig|

9.3.3.6.1.9
represent log
sketches.

OppOSItE potarity
ally separated

Suppty

—

N Oor ——

[ L]

-n

Change-over contacts of form Zb’shall be subject to separate tests in the normglly open and
ed positions but with both terminals of the opposite position being connected to fhe supply, as
Lre 9.5, for an adjacent ¢ontact of opposite polarity.

If the make and bréak operations require different values, the circuit shown in Figure 9.6 shall
d Ld in Figure 9:4.and Figure 9.5. See Figure 9.2 for examples of contact elemént schematic
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Figure 9.6

Load Ld details for test conditions requiring different values of make and break current and/or

Make current
for example:

power factor (time constants)

Commutating contact

Break current
for example:

10 /e,cos¢p =

54887

9.3.3.6.1.10
obtain the sp

76, CO5 QP = 0,5

L1 T

beified power factor. The indugtor shall be shunted by a resistor taking 3% of th

consumed (s¢e Figure 9.6).

9.3.3.6.1.11

For dc tests, to obtain the specified steady-state current the test current shall i

zero to the st¢ady-state value-within the limits shown in Figure 9.7.

Note — For guid
Standard for Loy
control circuit de

Bnce, an example of an iron cored load see Annex B, Examples of inductive test loads for dc
-voltage switchgear and controlgear Part 5-1: Control circuit devices and switching elements — El
ices, IEC60947-5-1:2009.

L |:| L Rs |:| Fermula for Rg calculation
Rg = 33,3 v ( o -cosp)
e dos ¢
For ac tests, the load shall be\an air-cored inductor in series with a resistor, [if needed, to

e total power

hcrease from

icontacts, of the
Ectromechanical
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Figure 9.7

Current/time limits for dc test loads

%1 A
(95;100)
100 ~
(117;95)

80 A
60 - | = steady state curren

% Togs = { x.100

T9:95

40 1 T095 =6)x P for P4 50 W

To,95 = 300 ms for P2 50 W
20 A
(0,5)

20 40 60 80 100 % 70,95

54889

9.3.3.6.1.12 | Test voltage and test current 'shall be in accordance with Table 8.1 and Table] 8.9. The test
circuit appliegl shall be stated in the test report.

9.3.3.6.2 Making and breaking capacities of control circuit switching elements under hormal
conditions

9.3.3.6.2.1 [The tests are_intended to verify that the control circuit device is capable of performing its
intended duty accordingtethe utilization category.

9.3.3.6.2.2 |With'the load set in accordance with Table 8.9, the 6,050 operating cycles shall pe carried out
in the foIIowiTg sequence:

a) 50 operations at 10-s intervals with the voltage set at 1.1 Ug;

b) 10 operations as rapidly as possible at the same time ensuring complete closing and opening of
contacts;

c) 990 operations at 1-s intervals;

d) 5,000 operations at 10-s intervals.

9.3.3.6.2.3 When the construction of the device is such that rapid cycling is not possible, for example
overload relay contacts, the operations shall be at 10-s intervals or as fast as the device will allow.
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9.3.3.6.2.4 For auxiliary contacts of a switching device, for example contactor, circuit-breaker, the
number of operating cycles shall be the same as that required for the verification of the conventional

operational performance capability of the switching device (see appropriate product standard).

9.3.3.6.3 Making and breaking capacities of control circuit switching elements under abnormal

conditions

9.3.3.6.3.1

The test is intended to verify that the control circuit device is capable of making and breaking

currents associated with electromagnetic loads. Load values, together with the sequence of operations
shall be in accordance with Table 8.1.

9.3.3.6.4 Results-to-be-obtained

9.3.3.6.4.1
failures, no cd

9.3.3.6.4.2
frequency tes

9.3.4 Perfo
9.3.4.1

9.341.1 ClI
Contactors 4
applies for teg

9.3.4.1.2

9.3.4.1.2.1
Contactors 4
applies for te
devices.

Note — The assd
the cases of FigU

During the tests of Clauses 9.3.3.6.2 and 9.3.3.6.3 there shall be no elecitftical
ntact welding or prolonged arcing, and the fuses shall not blow.

\fter the test of Clauses 9.3.3.6.2 and 9.3.3.6.3 the device §hall withstang
t voltage of 2 U,, but not less than 1,000 V, applied as specified.in Clause 9.3.3.

'mance under short-circuit conditions

General conditions for short-circuit tests

huse 9.3.4.1 of the Standard for Low-Voltage Switchgear and Controlgear
nd Motor-Starters — Electromechanical \Contactors and Motor-Starters, UL

Test circuit for the verification of short-circuit ratings

Clause 9.3.4.1.2 of the Standard for Low-Voltage Switchgear and Controlgear
nd Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
5ts performed on the isolation contactor with its associated line side short-circ

ciated line side short-circuit protective device(s) could be the main machine short-circuit protective
re A.2 and Figtire A.3 but not in the case of Figure A.1.

9.34.1.3 ClI

huses-9.3.4.3, 9.3.4.4, 9.3.4.5, and 9.3.4.6 apply only for tests conducted on ¢

r mechanical

the power-
1.3.

- Part 4-1A:
60947-4-1A,

ts conducted on isolating contactor and shorting contactor with the following addlition.

— Part 4-1A:
60947-4-1A,
uit protective

device(s) as in

ontrol circuit

switching elellnents.

9.3.4.2 Con

9.3.4.21

ditional short-circuit current of contactors

Clause 9.3.4.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,
applies with the following addition.

9.3.4.2.2 The rating or setting of the isolation contactor’s associated line side short-circuit protective
device(s) shall be equal to the rated current of the power circuit of the system isolation equipment.
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9.3.4.2.3 Test at the prospective current "r"
9.3.4.2.3.1 Clause 9.3.4.2.1 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:

Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,

applies with the following additions.

9.3.4.2.3.2 The minimum test current shall comply with Table 9.3 which replaces Table 9.3.4.2.1DV.1.1.1
in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —

Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.

Table 9.3
Short circuit test values
Rated operational current |, Test Current, symmetrical rms Powerfactor dos ®
0<1,<315 10,000 0.50
315<1,<630 18,000 0.30
630 <1, < 1,000 30,000 0.25
1,J00 <1, <1,600 42,000 0.25

9.3.4.2.3.3 |The isolation contactor(s) and its associated line side)short-circuit protective device(s) shall

be connected to the circuit and the following sequence of operations performed:

a) Onk closing (CO) operation of the isolation contactor(s); and

b) One withstand (O) operation with the isolation'contactor(s) closed prior to the test.

Where a series connected pair of contactors\is used, it shall be permitted that only
designated for switching be closed for the (CO) operation while the contactor designated as

the contactor
hon-switching

is closed pripr to the test. Further, where\a series connected pair of contactors is used bgth contactors

shall be clos¢d prior to the withstand (O)-operation.

9.3.4.2.4 Test at the rated conditional short-circuit current Iq

9.3.4.24.1
Contactors
applies with

Clause 9.3.4,2:2/of the Standard for Low-Voltage Switchgear and Controlgea
and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
he following addition.

9.3.4.2.4.2 [The\s
connected tolthelci

a) One closing (CO) operation of the isolation contactor; and
b) One withstand (O) operation with the isolation contactor closed prior to the test.

9.3.4.2.5 Results to be obtained

9.3.4.2.5.1 The system isolation equipment shall comply with the following:

a) The solid connection between the enclosure and supply shall not have melted or

— Part 4-1A:
60947-4-1A,

ce(s) shall be

opened. See

9.3.4.1.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and

Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.
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b) The door or cover of the enclosure shall not be blown open and it is possible to open the door or
cover. Deformation of the enclosure is considered acceptable when the degree of protection is not

less th

an indicated in Clause 8.2.10.

c) There shall be no damage to the conductors or terminals and the conductors shall not be
separated from the terminals.

d) There shall be no cracking or breaking of insulating base to the extent that the integrity of

mount

ing of a live part is impaired.

e) The main circuit breaker or switch, if part of the system isolation equipment, is capable of being

opene

d manually by its operating means.

f) Neiiﬂer end of a short circuit protective device is completely separated from its moy
xposed conductive part.

to an

g) If
condit

shall b

h) The

i) The
test o
replac
voltag

supply

j) The
contag

h circuit breaker with rated ultimate short-circuit breaking capacity‘less th
onal short-circuit current assigned to the system isolation equipment, the c
e tested to trip as follows:

1) Circuit-breakers with instantaneous trip relays or releases at 130% of the trip

2) Circuit-breakers with overload relays or releasesvat 250% of the rated ¢
circuit breaker.

re shall be no discharge of parts beyond the enclosure.

adequacy of insulation is verified after each operation (at currents "r" and "Iq") b
N the complete unit under test (short.&ircuit protective device plus contactor
ement of parts) using an essentiallysinusoidal test voltage of twice the rate
e U, but not less than 1000 V. The'test voltage shall be applied for 1 min to
terminals, with the switch or thé circuit-breaker in the open position, as follows:

1) Between each pole and.all other poles connected to the frame of the contact
2) Between all live parts of all poles connected together and the frame of the cg

3) Between the terminals of the line side connected together and the terminal
side connected together.

e shall(be*no damage to the isolating contactor, the contacts shall not be wel
ts shalFcomply with impulse withstand and leakage current requirements for iso

nting means

hn the rated
rcuit-breaker

current; and

urrent of the

y a dielectric
s but before
| operational
the incoming

Or(s);
ntactor(s);

5 of the other

ded, and the
ation.

9.3.4.3 Gen

9.3.4.31

erat conditions for controt circuit switching etfements shortcircuit tests—

9.3.4.4 Test procedure for control circuit switching elements short-circuit tests

9.3.4.41

current not exceeding the rated current.

The switching element shall be in a new and clean condition, mounted as in service.

The switching element may be operated several times before the test, at no load or at any

9.3.44.2 A contact element with two terminals shall be tested with the actuator in the position
corresponding to the closed position of the switching element under test.

9.3.4.4.3 The contact element to be tested shall be in series with the Short-Circuit Protective Device
(SCPD), the load impedance, and a separate switching device in a single-phase circuit as shown in Figure
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9.8. See Figure 9.2 for examples of contact element schematic sketches. The test quantities shall be in
accordance with Clause 9.3.4.5.

Figure 9.8

Test circuit, conditional short-circuit current

Fault current
limiting resistor
Metal enclosure

/ Make switch

/

*Note

Fusible element

d the current

being reset or

/ i

I — T g\

\ _ N\ _ e[ H

Prospective current 1 000 A

Power factor 0,5-0,7 (or as

specified by the manufacturer) )

Switch, under test
SCPD as specified by

sag8g the manufacturer
9.3.4.4.4 The test is performed by making the current with-the separate making switch ar
shall be mairtained until the SCPD operates.
9.3.4.4.5 The test shall be performed three times;0n the same contact element, the SCPD
replaced aftgr each test. The time interval between the tests shall be not less than 3 min. The actual time
interval shall|be stated in the test report.
9.3.4.4.6 Fpr change-over contact-elements, the above test shall be made separately

normally clos

Note — For contf

93447 A

9.3.4.5 Test circuit and test quantities for control circuit switching elements short-cir

ed and normally open contacts.

ol switches with both two terminals and change-over contact elements, both types should be tested.

separate control circuit device may be used for each contact element.

on both the

Cuit tests

93451 T

ahall b

aann

ive device of

b wwitebina lamant atad 1n PIP-W-SRV VLT 1 “WiE 120 hart-elrarit—oe ol
T SWhermmy CIeTeTTr STam T CUTTC UTC U T STTTC S Wittt SToTtonournt purotc o

type and rating stated by the manufacturer; it shall also be in series with the switching device intended to
close the circuit.

9.3.4.5.2 The test circuit load impedance shall be an air-cored inductor in series with a resistor, adjusted
to a prospective current of 1,000 A, or a higher value, if stated by the manufacturer, at a power factor of
between 0.5 and 0.7 and at the rated operational voltage. No parallel damping load shall be added. The
open circuit voltage shall be 1.1 times the maximum rated operational voltage of the switching element.

9.3.4.5.3 The switching element shall be connected in the circuit using 1 m total length of cable
corresponding to the operational current of the switching element.
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9.3.4.6 Condition of the switching element after the control circuit switching elements short-

circuit test

9.3.4.6.1

actuating system.

After the short-circuit test it shall be possible to open the switching elements by the normal

9.3.4.6.2 After the test the device shall withstand the power-frequency voltage of 2 U, but not less than
1,000 V applied as specified in Clause 9.3.3.4.3.

9.3.5 Evaluation of mirror contacts

9.3.5.1 The
main contact

a) To

in the
contag
such {
descri

b) Wit
shoulg
Switch
mirror

c) As

measured with direct means; it shall be more than 0.5 mm. In case of two or more co|

series

Lo al Lo\ Lo ol la) taal + 4 4
SCTUUTTIUTS (d) diTfu(U), U {(ad) diiu (L), diC TCPTAICTU UTT TICW TITTUT CUTTIAUU odlTl

welded successively. The test procedure shall be as follows:

simulate the occurrence of welding on one main pole, one main contact shall b
closed position, e.g. by welding or gluing each point of contact (eyg. for dod
t, welding is carried out at the two contact points). The thickness efiwelding or g
hat the distance between contacts is not modified significantly, and’the method
bed in the test report.

h the operating coil de-energized, an impulse test voltage’of 2.5 kV at sea lev

be made according to Table 9.4, calculated from Table 12 of the Standard for
gear and Controlgear — Part 1: General Rules, ‘UYL 60947-1, shall be applie
contact. There shall be no disruptive discharge.

an alternative to (b), with the operating ceil”’de-energized, the gap of the cor

the sum of contact gaps shall be more-than 0.5 mm.

les for each

e maintained
ble breaking
uing shall be
ised shall be

el, correction
Low-Voltage
d across the

tact shall be
ntact gaps in

Table 9.4
Test:voltage according to altitude
Sea levgl 200 m 500 m 1,000 m 2,000 m
2.5kV 2.87kV 2.37 kV 2.29kV 4.12kV

Note — This tes
coordination fo
13 of the Stand

ensures a minimum.gap of 0.5 mm in accordance with Figures A.1, A.2 and A.3 of the Standard for
equipment withinlow-voltage systems — Part 1: Principles, requirements and tests, IEC 60664-1, frd
brd for Low-Yaltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, is based.

nsulation
m which Table

9.3.5.2 The

sequences (a) and (b) or (a) and (c) are repeated on new samples for each

main contact

welded succ

ssively.

9.3.6 Failure analysis techniques

9.3.6.1 The

failure analysis techniques that can be used include but are not limited to:

a) Failure mode and effects analysis (FMEA for hardware and FMECA for the consequences) as
appropriate to:

1) Evaluation of the effects and the sequences of events caused by each identified failure;

2) Determination of the significance or criticality of each failure to the system’s correct

function or performance;

3) Classification of identified failure according to their detect ability and any other relevant

characteristic;
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4) Estimate the significance and probability of failure.

Note 1 — The Failure Modes and Effects Analysis (FMEA) and Failure Modes, Effects and Criticality analysis
(FMECA) are methods of reliability analysis intended to identify failures that have significant consequences

affecting the system performance in the application considered.

Note 2 — For more information about FMEA methodology see the Standard for Analysis techn
reliability — Procedure for failure mode and effects analysis (FMEA), IEC 60812.

b) Fault tree analysis (FTA) as appropriate to:

iques for system

1) Identification of the causes or combinations of causes leading to the hazard;

2) Determination of whether a particular reliability measure meets a stated requirement;

3) Demonstration that assumptions made in other analyses, regarding the ind
systems and non-relevance of failures, are not violated;

4) Identification of common events or common cause failures.

Note 1 — The fault tree is particularly suited to the analysis of complex systems comprising se
related or dependent subsystems with different performance objectives\Fhe fault tree itself
graphical representation of the conditions or other factors causing or gontributing to the occurrg
undesirable event, referred to as the "top event".

or combinations of causes that can lead to the defined top event.

Note 3 — For more information about FTA methodology see’the Standard for Fault Tree Analysis (H

9.4 EMC Tests

9.41

9.4.11
Controlgear

Cla

9.4.1.2 Wit
conducted o
according to|
Contactors 3
sequence of

9.41.3 The

Generral

hses 8.3.2.1, 8.3.2.3, and-18.3.2.4 of the Standard for Low-Voltage Sw

1 Part 1: General Rules, UL\60947-1, apply with the following additions.

n the agreement of.the manufacturer, more than one EMC test or all EMC

n one and the same sample, which may initially be new or may have passed tg
Clause 9.3.d of the Standard for Low-Voltage Switchgear and Controlgear
nd Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 609
the EMC-tests may be any convenient sequence.

for example

ependence of

eral functionally
is an organized
nce of a defined

Note 2 — Fault tree analysis is basically a deductive (top-down)method of analysis aimed at pinpojnting the causes

TA) IEC 61025.

itchgear and

ests may be
st sequences
— Part 4-1A:
47-4-1A. The

b compliance,

testwreport shall include any speC|aI measures that have been taken to achieve

actor in order

to comply with immunity or emission reqwrements |t shall be included in the report and in the information

provided by t

he manufacturer.

9.4.1.4 The contactor test sample shall be in the open or closed position, whichever is the worse, and
shall be operated with the rated control supply.

9.4.2

9.4.2.1

Immunity

The test shall be conducted using the methods in the Standard for Low-Voltage Switchgear and

Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-
Starters, UL 60947-4-1A, Clause 9.4.2.

Note — The requ

irements that are specified in Clauses 9.4.2.1 -9.4.2.7.
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9.4.2.2 If, during the EMC-tests, conductors are to be connected to the test sample, the cross-section
and the type of the conductors are optional but shall be in accordance with the manufacturer’s literature.

9.4.2.3 Performance of the test sample during and after the test
9.4.2.3.1 Unless otherwise specified, performance criterion 2 applies, see Clause 8.4.2.2.
9.4.2.3.2 No loss of performance shall be allowed during or after the tests. After the test, the operating

limits of Clause 9.3.3.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A:
Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, shall

be verified.

9.4.2.4 Eleg

9.4.241 TH
Controlgear A
Starters, UL €

trostatic discharge

e test shall be conducted using the methods in the Standard for Low-Veltage Sw
- Part 4-1A: Contactors and Motor-Starters — Electromechanical’ Contactors
0947-4-1A, Clause 9.4.2.2.

Note — A description of the test, the test methods are given in the Standard for Electromagnetic Compatibility (E

Testing and Mea
9.4.24.2 EX

94243 Te
after each su

94244 Te
for energizing

9.4.2.5 Eleg
9.4.251 TH

and Controlg
Starters, UL §

surement Techniques — Electrostatic Discharge Immunity Test, IEC 61000-4-2.
cept for metallic parts for which contact discharge isymade, only air discharge is

h positive and ten negative pulses shall be applied to each selected point, the
tcessive single discharge being 1 s.

sts are not required on power terminals: The application of conductors is not req
the coil.

tromagnetic field

e tests shall be conducted using the methods in the Standard for Low-Voltag
par — Part 4-1A: Centactors and Motor-Starters — Electromechanical Contactor
0947-4-1A, Clause)9.4.2.3

Note — A description of the teStithe test methods are given in the Standard for Electromagnetic compatibility (E

Testing and mea

94252 Th

surement techiniques — Radiated, radio-frequency, electromagnetic field immunity test, IEC 61000-41

e device shall comply with performance criterion 1. See Clause 8.4.2.2.

itchgear and
and Motor-

MC) — Part 4-2:

required.

time interval

uired, except

e Switchgear
s and Motor-

MC) — Part 4-3:
.

9.4.2.5.3 Tests are not required if the equipment is to be fully enclosed in an EMC specific purpose
metallic enclosure installed as specified by the manufacturer.

9.4.2.6 Fast transient bursts

9.4.2.6.1 The tests shall be conducted using the methods in the Standard for Low-Voltage Switchgear
and Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-
Starters, UL 60947-4-1A, Clause 9.4.2 4.

Note — A description of the test, the test methods are given in the Standard for Electromagnetic compatibility (EMC) — Part 4-4:
Testing and measurement techniques — Electrical fast transient/burst immunity test, IEC 61000-4-4.

9.4.2.6.2 The bursts shall be applied to all main, control or auxiliary terminals, whether they comprise
electronic or conventional contacts.
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94263 T

he test voltage shall be applied for the duration of 1 min.

9.4.2.7 Surges (1.2/50 ps — 8/20 ps)

9.4.2.71

The test shall be conducted using the methods in the Standard for Low-Voltage Switchgear and

Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-

Starters, UL

60947-4-1A, Clause 9.4.2.5.

Note — A description of the test, the test methods are given in the Standard for Electromagnetic compatibility (EMC) — Part 4-5:
Testing and measurement techniques — Surge immunity test, IEC 61000-4-5.

94272 T
electronic or

94273 T

he surges shall be applied to all main. control or auxiliary terminals, whether t

hey comprise

conventional contacts.

ne repetition rate shall be one surge per minute, with the number of pulses bein

and five negative.

9.4.3 Emis

9.4.3.1 For

sion

equipment designed for environment A, a suitable warning shall be given to

example in the instruction manual) stipulating that the use of this equipment in environment

radio interfer|

9.4.3.2 Conducted radio-frequency emission tests

94321 T
Controlgear
Starters, UL

Note — A descri
equipment — Ra

9.4.3.2.2

ne test shall be conducted using the methods in the Standard for Low-Voltage S
— Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactor!
50947-4-1A, Clause 9.4.3.1

btion of the test, the test method and-the test set-up are given in the Standard for Industrial, scier
Hio-frequency disturbance characteristics — Limits and methods of measurement, CISPR 11.

T pass, the equipment shall not exceed the levels given in Table 9.5.

Table 9.5
Conducted radio-frequency emission test limits

y five positive

the user (for
B may cause

ence in which case the user may be required to employ additional mitigation methods.

witchgear and
5 and Motor-

D

tific and medical

Frequgncy band
MHz Environment A (2)? Environment B (1)
0.15—6-5 7B atasi-peak-66-dB( i average 6B —56-dB{auasi-peak 56 dB
(MV) — 46 dB (pV) average (decrease with log
of frequency)
0.5-5.0 73 dB (pV) quasi-peak 60 dB (uV) average 56 dB (pV) quasi-peak 46 dB (uV) average
5-30 73 dB (pV) quasi-peak 60 dB (uV) average 60 dB (pV) quasi-peak 50 dB (uV) average

3 Environment A in the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, is referred to
as environment 2 in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —
Electromechanical Contactors and Motor-Starters, UL 60947-4-1A. Environment B in the Standard for Low-Voltage Switchgear
and Controlgear — Part 1: General Rules, UL 60947-1, is referred to as environment 1 in the Standard for Low-Voltage Switchgear
and Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.

See notes in Clause 8.4.3.
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9.4.3.3 Radiated radio-frequency emission tests

9.4.3.3.1 The test shall be conducted using the methods in the Standard for Low-Voltage Switchgear and
Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors and Motor-
Starters, UL 60947-4-1A, Clause 9.4.3.2.

Note — A description of the test, the test method and the test set-up are given in the Standard for Industrial, scientific and medical
equipment — Radio-frequency disturbance characteristics — Limits and methods of measurement, CISPR 11.

9.4.3.3.2 Tests are required where the control and auxiliary circuits contain components with
fundamental switching frequencies greater than 9 kHz, for example switch-mode power supplies, etc.

9.4.3.3.3 Tqpass, the equipment shall not emit at higher levels than those given in Table 9.6,

Table 9.6
Radiated emission test limits
Frejguency band
MHz Environment A (2)? Environment B|(1)?
30-230 30 dB (uV/m) quasi-peak at 30 m 30 dB (uV/m) quasi-pdgak at 10 m
230-1,000 37 dB (uV/m) quasi-peak at 30 m 37 dB (uV/m) quasi-pdak at 10 m

2 These tests nay be carried at a 10-m distance with the limits raised by 10 dB'

Envirgnment A (2): mainly relates to low-voltage non-public or industrial networks/locations/ installations ifjcluding highly
disturljing sources. Environment A in Clause 7.3.1 in the Standard for Low-Voltage Switchgear and Contro|gear — Part 1:
Generpl Rules, UL 60947-1, is referred to as environment,2{in-the Standard for Low-Voltage Switchgear ar{d Controlgear
— Part{4-1A: Contactors and Motor-Starters — Electromechahical Contactors and Motor-Starters, UL 609474-1A, and
corresponds to environment class A in the Standard ferIndustrial, scientific and medical equipment — Radip-frequency
disturBance characteristics — Limits and methods of measurement, CISPR 11.

Envirgnment B (1): mainly relates to low-voltage’public networks such as residential, commercial and lightjindustrial
locatigns/installations. This environment does not cover highly disturbing sources such as arc welders. Enyironment B in
Clausg 7.3.1 in the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60¥7-1, is
referrdd to as environment 1 in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Corjtactors and
Motor{Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, and corresponds to efivironment
class B in the Standard for Industrial, scientific and medical equipment — Radio-frequency disturbance chafacteristics —
Limits jand methods of measurément, CISPR 11.

9.4.3.3.4 Tests are not required if the equipment is to be fully enclosed in an EMC spetific purpose
metallic encldsure installed as specified by the manufacturer.
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Annex A
Intended Applications

(informative)

A1 General

A1.1 As with the opening of any other isolation device, safe work on associated machinery is predicated
on knowing that correct operation of the device has occurred, and thus upon opening a typical
disconnecting device, before work can be performed on the associated machinery, Standard for Electrical
Safety in the Workplace, NFPA 70E, and the OSHA regulations requires verification to confirm that
isolation has occurred. The system isolation equipment uses electromagnetic contactor(s) to provide

isolation and
A2 Evalua

A2.1 The s
industrial m3
that machine

Note — The Eleg
Machinery — Ele

A22 The i
energy from
equipment a
present on th

machinery application.

Note — The Ele|
Electrical Equip

A2.3 Theri
different pro
failure analys
verification p

A2.4 For fu

Machine Todg
Part 1: Gend
and IEC 620
the Safety of]

Hy Lol H £ 4 4 ial H+H ' dloadt Ll H [ o o
MMETTIAar UToTyiT Tcatuico U PTUVIUT VETTIuatiuiT trdat tuTc ToUTatUIT Tias UTTTT CUTTTY

ing the application

chinery system whose function is to isolate and thereby prevent-the unexpect
ry.

trical Standard for Industrial Machinery, NFPA 79:2012, Clause 5.5, Clause 5.5.4(3), and the Stan
ctrical Equipment of Machines — Part 1: General Requirements, IEC 80204-1, Clause 5.5.

bolating function of the System Isolating Equipment may or may not remove
other sources of power, which are a part of that industrial machine. The sys

e particular industrial machine and are providing the intended risk reduction to|

Ctrical Standard for Industrial Machinery, NEPA 79:2012, Clause 4.1, and the Standard for Safet
nent of Machines — Part 1: General Requirements, IEC 60204-1, Clause 4.1.

sk assessment of the machine incorporating the system isolation equipment is
ess from that of qualifying*the performance level of the system isolation equi

[OCEeSS.

Is, ANSKB11.TR3 and the Safety of machinery — Safety-related parts of cont
ral principles for design, ISO 13894-1 and the Guidance on the Application of
51.in the Design of Safety-Related Control Systems for Machinery, IEC TR 6206
Machinery — Principles of Risk Assessment, ISO 14121 for guidance.

eted.

ystem isolation equipment is designed to be an electrical power jsolation component in an

ed start-up of

ard for Safety of

the potential
tem isolation

bplication needs to be evaluated by the user'as to whether the appropriate safeguards are

the industrial

of Machinery —

a completely
pment by the

is required in Clause 9.3.6. The former is a risk assessment process while the latter is design

rther information’on risk assessment and risk reduction methods see the Technical Report:
Risk Assessinent and Risk Reduction — A Guide to Estimate, Evaluate and Reduce Risks As

sociated with
ol systems —
ISO 13849-1
1-1:2010 and

Note — The safety aspects of a design process involve one or more iterations of a "risk assessment" followed by a "risk reduction”
followed by a "risk assessment" of the design with the "risk reduction" implemented. See the Technical Report: Risk Assessment and
Risk Reduction — A Guide to Estimate, Evaluate and Reduce Risks Associated with Machine Tools, ANSI B11.TR3, Figure 1, Risk
assessment and risk reduction process, and the Safety of Machinery — Principles of Risk Assessment, ISO 14121, Figure 1, The
iterative process for reducing risk. A Risk assessment include activities such as: hazard identification, risk estimation, determining
the limits of operation of the designed equipment and risk evaluation.

A3 Typical functions

A3.1 The system isolation equipment meets the short circuit and isolation requirements of a supply
disconnecting device; however, it does not perform the function of the supply disconnect. The system
isolation equipment is located in the power circuit on the load side of the supply disconnect as seen in
Figure A.1.
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Figure A.1

Example block diagram showing the possible application of a system isolation equipment
employed on a machine
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