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1 Scope and Object

1.1 Scope

1.1.1 General

1.1.1.1 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 The {
prevention of
electric shock

1.1.1.3 This
70 and the E

Note — Referenc
5.5.4(3), Device
79:2012; and in
Requirements, |

1.1.1.4 The
motion contrg

1.1.2 Systen isolation equipment

1.1.2.1 Typic

1.1.2.1.1 The¢ system isolation equipment-is principally intended for industrial machine applic

isolation of p
unacceptably
required, or 4

Note — Multiple

b for Disconnecting (Isolating) Electrical Equipment, of the Electrical_Standard for Industrial M

ystem isolafion equipment is expected 1o be used both as a means for remoya
unexpected start-up of a stopped machine and as an isolator to provide, pf]
by ensuring the removal of electrical energy.

bquipment is intended for installation in accordance with the National Electrical
ectrical Standard for Industrial Machinery, NFPA 79:2012.

b to System Isolation Equipment is found in Article 430.109(A)(7) of the National Electrical Code NH

Clause 5.3.2(d) of the Standard for Safety of Machinery — Eleetti€al Equipment of Machines —
FC 60204-1.

System Isolation Equipment is not intended te ulfill the function of a motor st
| device.

al application

pwer is so frequently required that the mechanical life of a typical disconnec
short or where thete -are multiple entry points on the machine where dis
oth.

entry points are avfunction of access needs and the layout of the machine.

| of power for
otection from

Code, NFPA

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

arter or other

ations where,
ing means is
connection is
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1.2 Object

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;

¢) 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) TI|1e construction and performance of the system isolation equipment;

f) Th
adop)

2 Normative

2.1 The foll
constitute prqg
any of these
encouraged t

e tests intended to verify that these conditions have been met, and the metho
ed for these tests.

References

bwing normative documents contain provisions, which, through reference
visions of this standard. For dated references, subseguent amendments to, o
publications do not apply. However, parties tocagreements based on this
p investigate the possibility of applying the mostirecent editions of the normati

indicated belpw. For undated references, the latest edition*of'the normative document referr|

UL 60947-1
Standard for

UL 60947-4-
Standard fon

L ow-Voltage Switchgear and Controlgear — Part 1: General Rules

A
Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and mo

Electromechanical contactors and motor-starters

NFPA 79:201
Electrical Std

2
ndard for Industrial;Machinery

is to be

in this text,
[ revisions of,
standard are
e documents
ed to applies.

for-starters —
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3 Definitions

3.1 For the purpose of this standard, the definitions of Clause 2 of the Standard for Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, and the definitions of Clause 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, together with the following definitions

apply.

3.2 CONNECTED EQUIPMENT — All circuits that are isolated by the system isolation equipment.

3.3 MIRROR CONTACT — Normally closed auxiliary contact, which cannot be in closed position

simultaneous

ly with the normally open main contact.

Note — For more
for Low-voltage
motor-starters, |

3.4 MONIT(

for failure comtinuously or at suitable intervals by the control system.

3.5 REDUN

path systemd.

3.6 STOPC
the stop then
NFPA 79:201

3.7 SUPPL

3.8 SYSTEN
function sepa
by means of
position. Visy
(open) positiq

information see the Requirements for Auxiliary Contact Linked with Power Contact (Mirror Cohtaet
switchgear and controlgear — Part 4-1: Contactors and motor-starters — Electromechanical
FC 60947-4-1, Annex F. One contactor may have more than one mirror contact.

DRED CIRCUITS - Control circuits that are designed so that théiryfunction(s) &

DANTLY MONITORED - Control circuits that are monitored through the use g

ATEGORY 1 — A controlled stop with power toxthe machine actuators availab
remove power when the stop is achieved. (Electrical Standard for Industrial M
2, Clause 9.2.2, Stop functions.)

DISCONNECT - Disconnecting means to remove incoming power supplied 1
I ISOLATION EQUIPMENT - Equipment packaged to provide the disconnecti
ockout switches. Each lo¢keut switch is capable of being padlocked in the OF

al indication is provided\io the operator at the respective lockout station that is
n when the power bus is isolated.

, in the Standard
contactors and

re checked

f multiple

e to achieve
achinery,

0 a machine.

pn/isolation

rate from the supply disconnect and capable of operation from multiple remot¢ locations

F (open)
5 in the OFF
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4 Classification of the System Isolation Equipment

4.1 General

4.1.1 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

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

4.2.2 A multfple power isolation is accomplished by isolafing the power to individual moid
motors or other loads.

4.3 According to the utilization category/load designation

4.3.1 Althou
form of moto
of motors or
and load d
Controlgear
Motor-Starte
on the const
9.

h the system isolation equipment is not intended to be used as(aymotor starte
control, the power components and power circuits shall be appropriate for on-|
ther inductive loads of the connected equipment. The system isolation equif
ignation shall be in accordance with the Standard (for Low-Voltage Sw

, UL 60947-4-1A, Table 5.4DV.1. The utilizationccategory/load designation s
ction and performance requirements found in Clause 8 and testing requireme

4.3.2 Clausel 5.4 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1
and Motor-Starters — Electromechanical Contactors-and Motor-Starters, UL 60947-4-1A, ap
following addjtions:

a) AC-23A: Switching of alternating current motor loads or other highly inductive Ig
frequent use)

b) D
use)

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

rs, groups of

r or any other
bad switching
ment’s rating
tchgear and

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

hall be based
nts in Clause

\: Contactors
plies with the

ads (A =

A = frequent

4.3.3 Only rgferences to_tontactors in the Standard for Low-Voltage Switchgear and Contiolgear — Part

4-1A: Contacjors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
apply to powegr control)components of system isolation equipment.

60947-4-1A,
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4.4 According to the required safety performance

4.4.1 The system isolation equipment shall be designed to meet the requirements of Clause 5.1.2.4.
4.5 According to the normal load and overload characteristics

4.5.1 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:

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

b) Veltage grounding method refers to placing a short circuit between all ungrounded
condctors to the equipment grounding conductor on the load side of the system isplation
equigment isolation contactor to insure that voltage is not-ptesent, or

¢) Alternate monitoring methods meeting the performance requirements of Clause ¢.4.1 may be
used|to verify that the removal of power has been*achieved.

4.6.2 See Clpuse 5.4.

4.7 According to the configuration limits of the lockout station locations (See Annex| A, Figures
A.2 and A.3)

4.7.1 The maximum number of lockout station locations and the circuit distance Ijmitations or
combinations| there of.

4.7.2 See Clpuse 5.6.
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4.8 According to the available machine control interface functions

4.8.1 The system isolation equipment may be configured to meet additional machine control interface
applications such as the following:

a) Safety 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 / tomiachine drive control
system;

7) Run permissive signal to machine drive control system;
8) Zero speed signals from drive;
9) Zero voltage signals from drive;

10) Signal to machine stop.

o
=
=1

formation 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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1

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 General

Note — Some of
series of standa

5.1.1 Contro

5.1.1.1 The
performance
components

ds. In most cases these requirements are incorporated by reference rather than restated in this-Q
components
control circuit components shall be selected to meet the (relevant cong

requirements in Clause 8, Construction and performance«standards. The
Shall be applied within the limits defined by their characteristies. See Clause 5

Note — The reqyirements of control components selected to be used in system iselation equipment may be found

for Low-voltage
circuit devices, |

5.1.1.2 Cont
isolation equi
5.1.1.3 The
following tern
a) T
elect
auxili
b) R

switchgear and controlgear — Part 5-1: Control circuit devices¢@hdvswitching elements — Electrom
FC 60947-5-1 and the Standard for Industrial Control Equipthent, UL 508.

ol circuit components shall be evaluated. intorder to determine their suitability
pment design. See Clauses 5.1.2.4 and 8.2.9.

s, where applicable:

pe of equipment (e.g. kingd.of control circuit device: manual control switches,

omagnetically operated\control switches, indicator lights and kind of switching

ary contacts, interloeking contacts, control circuit contacts);

bted and limiting values for switching elements (see Clause 5.1.1.4);

c) Ulfilization categories of switching elements (see Clause 5.1.1.10);

d) N

prmaliand abnormal load characteristics (see Clause 5.1.1.9);

he requirements for the various components of the system isolation equipment are defined in parts| of the UL 60947

lause.

truction and
tontrol circuit
1.1.3.

in the Standard
bchanical control

n the system

Characteristics of control circuit devices and switching elements should be evaluated in the

elements:

e) S

WitCHing over-voitages (See Clause 5.1 117;

f) Durability 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.
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5.1.1.5 Rated 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 Controlgear — 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
operational current.

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) R
Cont

Note
compd
equipr
to che
Part 1

5.1.1.6 A sw

a) C
Switd

b) C
Switd

c) R
Voltal

5.1.1.7 Rate
Part 1: Gene

bted insulation voltage (U;): Clause 4.3.1.2 of the Standard for Low-Voltage Sy
olgear — Part 1: General Rules, UL 60947-1, applies.

The selection of dielectric insulation rating should anticipate the levels appropriate(to the electric
nents rated voltage of the system isolation equipment. For example if the machinewhere the sys
hent is employed has other systems with rated insulation voltages up to 690 Vac;-then the dielect
Lk for the proposed isolation would be 1890 V. See the Standard for Low-Veltage Switchgear and
General Rules, UL 60947-1, Clause 4.3.1.2, and Table 12A.

tching element is characterized by the following currents:

bnventional free air thermal current (ly,): Clause4.3.2.1 of the Standard for Lo
hgear and Controlgear — Part 1: General Rules;” UL 60947-1, applies.

pnventional enclosed thermal current (Iy,g): Clause 4.3.2.2 of the Standard for
hgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

hted operational current (Ig): Thefirst paragraph of Clause 4.3.2.3 of the Stang
ge Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

l frequency: Clause 4.3.3 of the Standard for Low-Voltage Switchgear and
ral Rules, UL 6094741, applies.

vitchgear and

Bl power

em isolation
ic test voltage
Controlgear —

v-Voltage

[ ow-Voltage

ard for Low-

Controlgear —
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5.1.1.8 Normal and abnormal load characteristics

5.1.1.8.1 Rated making and breaking capacities and behavior of switching elements under normal
conditions shall comply with the requirements given in Clause 8.3.4.2.4 and Tables 8.9 and 8.10
corresponding to the assigned utilization category and the requirements according to the rated operational
voltage.

Note 1 — For a switching element to which a utilization category is assigned, it is not necessary to specify separately a making and
breaking capacity.

Note 2 — A switching element used for the switching of small motors and tungsten filament lamp loads shall be assigned a utilization
category given in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —
Electromechanidgal Contactors and Motor-Starters, UL 60947-4-1A, and comply with the appropriate correspondind requirements in
that publication.

5.1.1.8.2 Making and breaking capacities of switching elements under abnormal cenditiong shall comply
with the requirements given in Clause 8.3.4.1.4 and Table 8.1 corresponding o /the assigmed 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 interrupl the making current.

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

5.1.1.10 Utilization categories for switching elements_iridthe control circuits as given in Tgbles 5.1 and
8.11 are for purposes of evaluating the characteristics-of control circuit devices and switching elements
when determjning their suitability for a particular system isolation equipment design.

Table 5.1
Utilization categories for switching elements

Kipd of current Category Typical applicafions
Alternating current AC-12 Control of resistive loads gnd solid state
loads with isolation by optp-couplers
AC-13 Control of solid state load§$ with
transformer isolation
AC-14 Control of small electromagnetic loads
(<72 VA)
AC-15 Control of electromagnetid loads (>72
VA)
Direct current DC-12 Contraol 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 resistors in circuit

5.1.1.11 Switching over-voltages: Clause 4.9 of the Standard for Low-Voltage Switchgear and
Controlgear — Part 1: General Rules, UL 60947-1, applies.
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5.1.2 Control component application architecture

5.1.2.1 In order to ascertain that the control component contacts are suitable for control circuit
applications where the voltage used is below 100 V ac or dc, it is necessary to define the predicted
behavior of control circuit component’s contacts within an acceptable confidence level (see Note 1). If the
system isolation equipment application control circuits will involve extended distances a similar analysis of
the wire and control circuit component’s contacts predictable behavior shall be done. The defined
predictable behavior test data or similar information and other evaluation data (Clause 5.1.1.3) is to be
used in addressing component failures (Clause 8.3.8) and the results of such failure on the overall design
of the system isolation equipment (Clause 8.3.8.2).

Note 1 — Conventional methods to determine the predicted behavior of control circuit component’s contacts within acceptable

confidence leve
Low-Voltage Sw
the performanc
Electromechanid

Note 2 — Often t
development of
that component
8.3.8) of that pa

5.1.2.2 The
control circuit

5.1.2.3 The
minimum, be
standards, us

5.1.2.4 The f{
system isolat

s may be done by using the precise conventional testing methods such as those found.in
tchgear and Controlgear — Part 5: Control circuit devices and switching elements — Section 4: Meth|
b of low-energy contacts — Special tests, or using a similar methodology such ag~feund i
al Elementary Relays — Part 1 General requirements and IEC 61810-2, Part 2 Reliability.

he needed defined predictable behavior test data or other similar information willnominally be gaf
h particular control circuit component, and verified by a third party; such testdata in turn may be m
manufacturer to the system isolation equipment manufacturer. Such data, could be suitable for the
ticular control component application to the system isolation equipment_design.

bffects of switching over-voltage and inrush current within the system isolation
s shall be addressed in the design to match the:chosen components to the ap

parts of the system isolation equipment .internal control circuits or componen

designed, constructed, selected, assembled and combined, in accordance wit
ing basic safety principles.

on equipment.

IEC 60947-5-4,
pds of assessing
h IEC 61810-1,

hered during the
ade available by
analysis (Clause

equipments’
plication.

Is shall, as a
n the relevant

ollowing requirements apply for the overall design to achieve the safety perforinance for the

a) In mance, the

syste

order for the system isalation equipment to achieve the required safety perfor
m isolation equipment shall be designed so that:

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

f the safety

2) Jhe single fault is detected at or before the next demand upon the safe
sueh'as immediately, at switch-on, or at end of a machine operating cycle.
detection is not possible, then an accumulation of faults shall not lead to a
safety functiorm:

y functions,
If this
oss of the

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 Application of ISO 13849-1 and IEC 62061 in the Design of Safety-Related Control Systems for Machinery, IEC TR
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62061-1:2010, provides guidance on the application of the Safety of Machinery — Safety-Related Parts of Control Systems — Part 1:
General Principles for Design, ISO 13849-1:2006, and the Safety of Machinery — Functional Safety of Safety-Related Electrical,
Electronic and Programmable Electronic Control Systems, IEC 62061:2005 in the design of safety related control systems for
machinery.

5.1.3 Power components
5.1.3.1 The effects of over-voltage on the continued proper function of the system isolation equipment

components and circuits must be addressed in the design. External surge over-voltage originating from
the circuits before the supply disconnect is expected to be limited to the conditions described in the

Electrical Standard for Industrial Machinery, NFPA 79:2012, Clause 4.3.2.5, Voltage Impulses.

Note — These o
— Part 1: Generd

5.1.3.2 Rate

a) R
and
three

b) R
Cont

er-voltage conditions are also described in the Standard for Safety of Machinery — Electrical Equipn
| Requirements, IEC 60204-1, Clause 4.4.2, Electromagnetic compatibility (EMC), including Notes

[l voltage(s) of a power switching element is defined by the following;
hted operational voltage (Ug): Clause 4.3.1.1 of the Standard fofckow-Voltage
Controlgear — Part 1: General Rules, UL 60947-1, applies with,the following agd

phase circuits, U, is stated as rms voltage between phases;

bted insulation voltage (U)): Clause 4.3.1.2 of the Statdard for Low-Voltage Sy
olgear — Part 1: General Rules, UL 60947-1, applies/ Power switching elemer

the manufacturer has not declared a value or Uiy, (€lause 4.3.1.3 of the Standard

Volta|
volta
(Clay
Cont
1A).

c) Fq
contg

d R
Switd

ge Switchgear and Controlgear — Part 1: General Rules, UL 60947-1) the rate
je would be used to determine the minimumacceptable spacing to non arcing
se 8.1.3 of the Standard for Low-Voltagé.Switchgear and Controlgear — Part 4
hctors and Motor-Starters — Electromechanical Contactors and Motor-Starters,

r an isolation contactor, thesgpacing across the gap between the switch’s sep
cts of the same pole when\in the open position is evaluated according to Clad

hted impulse withstand voltage (Ujy): Clause 4.3.1.3 of the Standard for Low
hgear and Contrplgear — Part 1: General Rules, UL 60947-1, applies. A withsi

impli¢s no damage {0 the switch and no change in its characteristics.

5.1.3.3 A po

a) C
Switg

ver switchiing element is characterized by the following currents:

bnventional free air thermal current (ly,): Clause 4.3.2.1 of the Standard for Lo
hgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

hent of Machines
1 and 2.

Switchgear
ditions. For

vitchgear and
ts for which
for Low-

d insulation
parts

-1A:

UL 60947-4-

arable
se 8.2.6.1.

\Voltage
and value

w-Voltage

b) Conventional enclosed thermal current (l,e): 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 (lg): The first paragraph of Clause 4.3.2.3 of the Standard for Low-

Volta

ge Switchgear and Controlgear — Part 1: General Rules, UL 60947-1, applies.

d) Maximum load rating of connected equipment motor current (lg,) (the full load ampere rating
of all motors that can be operated simultaneously plus the full load ampere rating of non-motor
loads).
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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 Tables 8.2, 8.3 and 8.4
corresponding to the assigned utilization category. See Clause 5.1.3.6.

Note 1 — For a switching element to which a utilization category is assigned, it is not necessary to specify separately a making and
breaking capacity.

Note 2 — A switching element used for the switching of small motors and tungsten filament lamp loads shall be assigned a utilization
category given in the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters —

Electromechanid
that publication.

5.1.3.6 ConV
shall comply
8.8 correspo
operational v

5.1.3.7 Rate
and Controlg

5.1.3.8 Utiliz

as given in Tables 5.1 and 8.11 are for purposes of evaluating the characteristics of control ¢

and switchin
design.

5.1.3.9 Switd
— Part 1: Ger

5.2 Electromechanical isolating contactor(s)

5.2.1 Gener{

5.2.1.1 The
equipment sk
Part 4-1A: (
60947-4-1A,

Al Contactors and Motor-Starters, UL 60947-4-1A, and comply with the appropriate corresponding

entional operational performance of switching elements for the rated "opera
with the requirements given in Clauses 8.3.4.2.1 — 8.3.4.2.3 and.Tables 8.5,
nding to the assigned utilization category and the requirements according
bltage.

j conditional short-circuit current: Clause 4.3.6.4 of the Standard for Low-Voltag
par — Part 1: General Rules, UL 60947-1, applies.

btion categories for switching elements of auxiliary and mirror contacts in the G
) elements when determining their suitability for a particular system isolatiq

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

blectromechaniCal-Contactor(s) in the system isolation equipment that isolate t
all meet the‘requirements in the Standard for Low-Voltage Switchgear and
ontactors and Motor-Starters — Electromechanical Contactors and Motor
with the, following supplements and additions:

a) TI|1e requirements for isolation shall be fulfilled. See Clause 8.2.6.1.

requirements in

lional current

8.6, 8.7, and
to the rated

e Switchgear

ontrol circuits
ircuit devices
n equipment

i Controlgear

he connected
Controlgear —
Starters, UL

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.

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.
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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

consi

derations.

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:

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

rotor

5.2.2 Auxilia

5.2.2.1 Mirro

contacts hav¢ reached the minimum parting distance to fulfill the isolation requirements in C

The mirror cd
contactor ass

Note — For more
— Electromechar]
contact (mirror d
contactor. The |
construction of t
be when the we
in a way that the

) A method 10 prove a component’s capability to function aurlng and arter non repetiive sho

in service may be found in test Ea in the Standard for Environmental Testing — Part 2: Tests H
guidance: Shock, IEC 60068-2-27.

2) A method to prove a component’s capability to function during and after repetitivé bumps ¢
service may be found in test Eb in the Standard for Environmental Testing — Rart2: Tests — 7|
Guidance: Bump, IEC 60068-2-29.

3) A method to prove a component’s capability to withstand conditionstof vibration may be fo
the Standard for Environmental Testing — Part 2: Tests — Test Fc: ¥ibration (sinusoidal), IEC §

current of the connected equipment.
y and mirror contacts
I contacts shall be used on each isolation contactor to indicate when the cor

ntacts relationship to the contactor main contacts must account for the failure
embly in a way to prevent false-positive indications by the mirror contacts.

information, see the Standard(for Low-voltage switchgear and controlgear — Part 4-1: Contactors a

ontact). One contactor®may be required to have more than one mirror contact to detect proper
hysical arrangement\and number of auxiliary contacts required for verification of isolation is d
he isolation contactor’and the mechanical connection to the mirror contacts. One example of a fai
ding of only,ené“power contact (phase A) would hold the contactor's mechanical connection to t
faulted gondition might not be detected by the mirror contact monitoring the phase C side.

tks encountered
t Test Ea and

ncountered in
est Eb and

nd in test Fc in
0068-2-6.

Lding locked

tactor's main
ause 8.2.6.1.
modes of the

hd motor-starters

ical contactors and motor-starters, IEC 60947-4-1, Annex F, Requirements for auxiliary contact linked with power

operation of the
bpendent on the
ure mode would
e mirror contact
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5.3 Connect

5.3.1 Interna

ions to internal control circuits

| 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]
5.3.2.2, from

communicatipn when power to the SIE is not present, are permitted to receive power,from g

line side of th

5.3.1.3 With
that it is not
isolated from
contactors.

5.3.1.4 Whe
constructed t

in accordanc¢ with the Standard for Low-Voltage Switchgearand Controlgear — Part 1: Gene

60947-1. Wh
consideration
isolation equ
currents, incl
isolated cont
over-currentg|

a) U
(this
contg

b) U
fault

c) U

receive only electrically isolated inputs from the SIE circuitry, in accordance
the Safety Isolation Equipment and that are required to be powered for the m

e Safety Isolation Equipment contactors.
reference to Clause 5.3.1.1, multiplexer modules which are sufficiently remote
SIE inputs, are permitted to receive power from other“than the line sid
h a control power isolation transformer or an isolatéd control power supply is us
b relevant standards. Primary and secondary short Circuit and overload protecti
bn selecting the size of the control power source and over current protective de
shall be given to the protection of the\control switching components withi
pment. The control switching components shall be protected from damage]
uding damage such as welding of\'the control switching component’s contag
by means which include the following:
e of a control transformef(s) that does not deliver over-currents that can be d
may require the usetof separate control transformers for the logic control and

ctor coils).

e of protective-devices in the control circuit that will limit the isolating control
current to{Jevels that are not damaging.

be of ‘@ current limiting isolating power supply.

with Clause
hintenance of
ther than the

from the SIE

practicable to receive power there from, and where the multiplexer outputs afe electrically

al

-

of the SIE

bed it shall be
bn is required
ral Rules, UL
ices, primary
N the system
due to over
ts. Thus, the

fol power source shall be so designed that the control circuit is protected from damaging

pmaging
he isolating

ransformer

Note — An appropriaie way 10 meet the requirements In tNis Clause, 1T a control power isolation ransiormer 1s 10 b

e selected, is to

use one that is built and 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 and power supplies incorporating control transformers, IEC 61558-2-2, or a transformer that is built to similar
requirements.
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5.3.1.5 All control power from the “internal control power source(s)”, shall be electrically isolated within
the system isolation 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 internal control circuit (such as a dual channel safety relay in the machine
circuit), the device and its connections shall be provided with the same degree of isolation afforded to the
system isolation equipment internal control circuits as in Clauses 5.6.1 and 6.3.5.

Note — An example would be a safety relay with other functions that is used in the machine’s E-stop system to send the signal to
remove motive voltage as part of a stop category 1 sequence. In order to maintain the physical isolation requirement of Clause
5.6.1.2, the connection to the safety relay output contacts remote from the system isolation equipment would be provided with a

cover and a tam

per indication seal.

5.3.2 Isolate

5.8.2.1 Whe
as a means
isolated outp

5.3.2.2 The
optically-isolg
device, its pg

5.3.3 Isolate

5.3.3.1 Extefnal devices providing inputs to the systeim isolation equipment shall only

internal contn
connections

requirements
Clause 5.1.1
Isolation. Sedq

5.3.3.2 The
optically-isolg
source in Clg

I control circuit output

h the system isolation equipment provides an interlock for the machine’s ‘Contrg
fo inhibit the activation of the start control function for the machine control €
it circuit shall be provided. See Clauses 6.3.4 and A3.3.4.

isolated outputs from the system isolation equipment¢shall consist of dry
ted solid-state devices. Where the output is provided by an optically isolate

j control circuit input

pl circuit through isolating dry contacts or optically-isolated solid-state devices

shall be protected from unintended aecess by the tamper indication sealing
that are used for the system isolation equipment’s internal circuits and shal
Control components, Clause (5.3.1, Internal control power sources, and
Clause A3.3.4.

isolated inputs to the_system isolation equipment shall consist of a
ted solid-state devices,-and its power shall not be provided from the internal
use 5.3.1.

wer shall not be provided from the internal control pewer source in Clause 5.3.

| circuit, such
quipment, an

contacts or
d solid state
1.

interface the
. The circuits
and isolation
comply with
Clause 5.6.1,

relay coil or
control power
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5.4 Load side power circuit monitoring methods

5.4.1 Voltage sensing method

5.4.1.1 Volta

ge monitoring relay

5.4.1.1.1 The voltage monitoring safety relay component, or any other type of monitoring component
determined to be suitable for the application, operates as a threshold switch. The switching thresholds are
equal or less than 15 V for ac voltages and 12 V for dc voltages measured on the load side of the isolation
contactor between each set of phase conductors and between phase conductors and neutral or grounded

conductor.

Note 1 — The sw
Vac or 35 Vdc rf
IEC 61140: 200
Limits for stead

installation of byildings — Part 4-41: Protection for safety — Protection against electric shock, IEC\60364-4-41 or

Voltage Bands f

Note 2 — Early ¢
of individual reld
industrial relays
not be used for {
will function prog
most general pu

5.4.1.1.2 Th¢ voltage monitoring circuits are connected and self-checked in a manner to ag

lack of voltag
measuring ci

Note — An exam|

5.4.1.1.3 The voltage monitor with its_.associated circuitry shall provide a status indication g

to perform th

itching thresholds of 15 Vac and 12 Vdc are below the generally accepted lowest steady state tol
pple free in the Standard for Protection against Electric Shock — Common Aspects for Instillation
, Clause 5.15, Limitations of voltage, and the Standard for Extra-low Voltage — Limit values) IEC
state voltage. For more information about touch voltage limits see various parts af\the Stand

br Electrical Installations of Buildings, IEC 60449, about voltage bands.

bnceptual 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-0f, unexpected start-up of a ma
he isolation function described in this document). While it may{¢ possible to find a set or combinaf
erly at both the operating power voltage and the acceptable.touch voltage values needed for isola|
pose industrial relays do not have that broad an operating-range (pull-in, hold, drop-out values).

e present, on the connected load bus;is not the result of other reasons suc
cuit.

ple solution in a typical design, is the_use of double circuiting with a wire-break monitoring functio

b voltage monitoringwfunction.

ch voltage of 16
and Equipment,
61201, Table 1,
hrd for Electrical
the Standard for

d the use of sets
general purpose
hine but it could
ion of relays that
ion applications,

ssure that the
N as an open

f any inability
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5.4.2 Voltage grounding method

5.4.2.1 Shorting contactor

5.4.2.1.1 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.

5.4.2.2 Auxiliary contacts

54221 Au
have reacheq

5.5 Lockout]

5.5.1 The sy
light as an as
by the machi

Note — The num|
equipment is to

5.5.2 Lockoy

5.5.2.1 The |
normally ope
open positior

5.5.2.2 The
lockout switc

5.5.2.3 Thel
the system is
switch actuat

5.5.2.4 A req
fulfilling a pa

iliary contacts shall be provided to indicate when the shorting contactors-]
the closed position, fulfilling the voltage grounding method.

station

stem isolation equipment lockout station includes lockout control switch(s) and
sembly. Lockout stations are intended for installation on a¢machine near points
he operator for adjustment and maintenance.

per and placement of the lockout stations is a function of the ©peration of the machine where the
be employed, and is based on the risk assessment of that miachines’ particular application.

t switch

obckout 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 corresp
of the device. See Clause 8.2,6:2.

ockout switch contacts and-\circuit connections shall not be physically access
N is in the open position\and the lockout station is locked.

pckout switch actuator shall be black and the locking collar or background sha
olation equipmént”is designed to be capable of use as an emergency stoppi
br shall be red with a yellow locking collar or background.

lockout switch actuator shall not be provided when the system isolation equi
t of an"emergency stopping system, see Clause 5.3.3.2.

hain contacts

a verification

of entry used

system isolation

re that all the

onding to the

ble when the

| be yellow. If
g device the

bment is only

5.5.2.,5 Thel

cRoutswitchTcomtact setwhichare used-imthe verification tight Tircuit stattbe

mechanically

connected with respect to the other lockout switch contact sets, at the farthest most position from the
lockout switch actuator.

Note — This mechanical connection requirement is referring to the lockout switch’s mechanical connection that is between the handle
and the switch’s various contacts. The above requirement is to ensure that the operator, who is using the system isolation
equipment, is alerted should a failure to the lockout switch’s mechanical connection occur. The operator is alerted to the failure by
the indicating function from the verification light not occurring.
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5.5.3 Verification light

5.5.3.1 The verification light, when illuminated, indicates that the system isolation equipment has verified
the open position of the isolation contactor.

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;
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 1 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 légation of the opened and lockgd lockout
statiors is so that, when another lockout switch is operated and locked\at another entry point, the additipnal lockout
operafjon is independently verified and acknowledged by the systemiisolation equipment.

5.5.3.4 The yerification light shall be green.

Note — The colpr selected is based on the Standard for Safgty 6f machinery — Indication, marking and actpation — Part 1:
Requirements fof visual, auditory and tactile signals, IEC 61310-1, Clause 5.2, Coding of visual signals, Clause 5.2.1, Use of colours,
Table 2, Meaninfy of colours for coding — General principlesyiand the same Table 2 in the Standard for Basic and Bafety Principles
for Man-Maching Interface, Marking and Identification «Eading Principles for Indicators and Actuators, IEC 60073 The selection is
also consistent yith the Electrical Standard for Industrial Machinery, NFPA 79:2012, Table 10.3.2, Machine Indicator Lights and
Icons, where thg safety of persons or environmentns indicated to be safe by using the color green.

5.6 Configuration requirements

5.6.1 Isolatign
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5.6.1.1 Electrical isolation of the system isolation equipment internal circuits

5.6.1.1.1 Except for the line and load side power connections of the system isolation equipment, the
system isolation equipment is electrically isolated from all other power circuits. The system isolation
equipment internal control circuits are electrically isolated from all external circuits. See Clauses 5.3.2,
5.3.3.1, and terminal X-03 in Clause A3.3.4 and Figures A.1, A.2, and A.3 in Annex A.

5.6.1.2 Physical 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 following:

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

b) P

c) C

d) When used, pre-wired connectors used for interconnections exterinal to an enclg

Electrically i
required to ¢

5.6.1.2.2 Ea
means to res

Note — The reag
internal circuits
obtaining accesq
the manufacture

5.6.1.2.3 In
cabled circui
5.6.2 Coordi

5.6.2.1 The
circuit curren

system isolafion equipment. See Clause 8.3.5, Coordination with short-circuit protective d

provided, the

bwer terminals (X1-in and X1-out, see Annex A) external to an enclosure;

bntrol circuit terminals — X01, X02, X1 — X8 (see Annex A) external to.an encl

plated input and output terminals — X03 (see Clauses 5.3.2,/5.3.3.1 and Ann
bmply with this requirement.

th equipment enclosure and connection externaldo™an enclosure shall be pr
trict undisclosed access, such as the provision for a tamper indication seal.

on for restricting access to the referenced circuits_and/components is to prevent accidental com
y a technician working on another problem on the“machine, it is not to prevent technically traine
to the unit to complete an installation or repajr.-Eurther requirements restricting access may be ag

and the customer.

dition to inhibiting undisclesed access to the system isolation equipment cq

hation with short giteuit protective device(s)

short-circuit_protection, specified to coordinate with the system isolation equ
ratings, shall form part of the installation but is not required to be provided as

manufacturer of the system isolation equipment shall specify the requireg

bsure and,
sure.

bx A) are not

bvided with a

promising of the
Il personnel from
reed to between

mponents or

d
IF, the system isolation equipment may also be provided with enclosures that provide various
degrees of protection depending on the particular application.

ipment short
a part of the
evices. If not
| short-circuit

protective de

ice; the voltage rating and the short circuit current rating that is required in ordsg

r to complete

the installati

Tof the systenTisofatiomequipmernt o the Tmachine:
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5.6.3 Status indication

5.6.3.1 The system isolation equipment shall include means to indicate it is functioning properly and also
to indicate if a fault has occurred without requiring access to internal components and circuits.

Note — The system isolation equipment enclosures should have a means of providing status and functional state indication; e.g.: a
HMI display or a window of transparent material where indicators on terminal strips and on the various devices indicate the current

functional state of the system isolation equipment.

5.6.4 Troubleshooting and repair

5.6.4.1 The system isolation equipment shall be provided a means to determine which part of the system

isolation equ
in Clause 5.6

Note — The man
replaced and thq
owners technicig
after repair and

5.6.5 Enclos

5.6.5.1 The {
with Clauses

6 Product In
6.1 Nature ¢

6.1.1 Clause
and Motor-St

Note — Clause §
and Motor-Start
Standard for Lo
low-voltage publ
cover highly dist
Controlgear —

networks/locatio
Part 1: General
Part 4-1A: Cont

pment requires repair without having o open the unit with a tfamper indicafior
1.2.2.

Lifacturer may choose to have the system isolation equipment supplied in a modular fofm, that, whe

faulty unit returned to the manufacturer for repair. Alternately, the manufacture can |establish a
ns to facilitate repairs inside of modules with tamper indication seals and the subSequent re-sealin|
esting.

Lire construction

ystem isolation equipment shall be constructed withinvone or more enclosures i
8.2.9 and 8.2.10.

formation
f information

6.1 of the Standard for Low-Vaoltage Switchgear and Controlgear — Part 4-1
prters — Electromechanical Gontactors and Motor-Starters, UL 60947-4-1A, ap|

1.2 (y) environments 1 or 2 of_the Standard for Low-Voltage Switchgear and Controlgear — Part
brs — Electromechanical €ontactors and Motor-Starters, UL 60947-4-1A — environment 1 (envir
Ww-Voltage Switchgear-and Controlgear — Part 1: General Rules, UL 60947-1, Clause 7.3.1): 1
c networks such ds fesidential, commercial and light industrial locations/installations. This envir
irbing sources such as arc welders. Environment 2 (environment A in the Standard for Low-Voltage
Part 1: Gederal Rules, UL 60947-1, Clause 7.3.1): mainly relates to low-voltage non-pub
s/installations including highly disturbing sources. In the Standard for Low-Voltage Switchgear a
Rules, UL 60947-1, Clause 7.3.1, environment B, in the Standard for Low-Voltage Switchgear a
hetors “and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A,

as indicated

h faulted, can be
rocedure for the
p of the modules

n accordance

\: Contactors
plies.

t-1A: Contactors
bnment B in the
hainly relates to
nment does not
Switchgear and
lic or industrial
hd Controlgear —
d Controlgear —
s referred to as

environment 1

and corresponds 10 _environment class B I Ihe Standard jor Indusirial, scientiic 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 (lg,) (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) R

6.2.2 The c(
power circuit
opened. Othg
Clause 6.1.1
Contactors a
a reference t

6.2.3 If intel
provided they
systems. Fo
methods that

6.3 Instructi

6.3.1 Clause|
and Motor-S
manufacturer
measures tha
Clause 8.4.

6.3.2 If the inter-connection(cables are not provided, the manufacturer of the system isolati

shall specify
complete the

6.3.3 When
activation of
is employed.
output is not

jons for installation, operation and-maintenance

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

hted impulse withstand voltage for isolation (see Table 9.2).

mplete markings in Clause 6.2.1 shall be placed on the chassis orthé encl
or the control circuit in an area visible when installed or when agcess covers
r modules of the system isolation equipment as a minimum shallbe marked w
(2) and (b) in the Standard for Low-Voltage Switchgear and Controlgear
nd Motor-Starters — Electromechanical Contactors and Motor<Starters, UL 609
b the system isolation equipment or installation instructions that specifies its us

connection cables between the system isolatiah ‘equipment respective en
shall have a unique identification that will set\them apart from the machines
example, cord/cable connections systems; and cable labels, would inclu
identify they are only to be used to intercofihect the system isolation equipme

6.3 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1
arters — Electromechanical<Contactors and Motor-Starters, UL 60947-4-1A,
shall also provide the necessary mounting and wiring instructions and includ
t need to be taken to achiéve compliance with EMC immunity or emission requi

he necessaryway of installing, identification and protection (see Clause 5.1.2
installatien-of the system isolation equipment.

osure for the
or doors are
th the data in
— Part 4-1A:
47-4-1A, and
be.

closures are
5’ other cable
de indicating
nt.

\: Contactors
applies. The
£ any special
rements. See

bn equipment
4) in order to

D prohibit the
bn equipment

he ‘start control function for the connected equipment where the system isolati

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

h an isolated

the load 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.
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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
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 Sérvice, Mounting and Transport Conditions
7.1 Clause 7 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4<1A: Contactors and
Motor-Startes — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, applies with the
following addjtion in Clause 7.2.

7.2 The system isolation equipment shall be designed to operate correctly~within the conditions found in
the Electrical|Standard for Industrial Machinery, NFPA 79:2012, Chapter 4;-General Operatirlg Conditions.

8 Constructjon and performance requirements

8.1 General

8.1.1 Clause| 8 of the Standard for Low-Voltage Switchgéar and Controlgear — Part 4-1A: Cpntactors and
Motor-Startels — Electromechanical Contactors and*“Motor-Starters, UL 60947-4-1A, applies with the
following addjtions.

8.2 Lockout|switch actuator (see 8.1.4 of UL 60947-4-1A)
8.2.1 Insulation

8.2.1.1 The lockout switch actuator shall be insulated from the live parts for the rated insulgtion voltage.
8.2.1.2 A lockout switch acttator:

a) Mpade of metal shall be capable of being connected to a protective conductor urfless it is
provifled with additional reliable insulation;

ecome

b) Mgde)of or covered by insulating material, any internal metal part, which might
ibte i i i i i r the rated

acce ;
insulation voltage.
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8.2.2 Direction of 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
and rotary s
not become
8.2.4 Limitat

8.2.4.1 Whe
means of lim

8.2.5 Indicat
8.2.5.1 Indic

82511 T

h
clearly indice:ﬁed. This is done by means of position-indication on the lockout switch (posit

device is pa
position).

82512 Ifs

\{i‘tches to be used with enclosures complying with degrees of protection IPX5

e swiich due o environmental tests associaied with the enclosure rafing; €,9.
ctuated when hit by the jet of water applied during the test of the enclosed eq
on of rotation

h actuators with limited or unidirectional movement are used;.they shall be fittg
tation, capable of withstanding five times the actual maximum actuating momg

on of contact position (see 8.1.5 of UL 60947-4-1A)
htion of the position of the lockout switch
indication of the closed and open positions/of the lockout switch shall be unar

t of a mechanical switching device;which indicates whether it is in the op

ymbols are used, they shall indicate the closed and open positions.

push-buttons
or IPX6 shall
uipment.

d with robust
bnt.

nbiguous and
ion-indicating
en or closed
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60417-2-1EC-5007 |  On (power)

60417-2-1EC-5008 O 0ff (power)

S4413

8.2.5.2 Indicgtion by the lockout switch actuator

8.2.5.2.1 The actuator of the lockout switch shall stay, when released, in the position corfesponding to
that of the n]éving contacts of the lockout Switch; in this case, the actuator shall have tw distinct rest
positions corfesponding to those of the, moving contacts.

8.2.5.3 Indication of open position of contacts of isolation contactor

8.2.5.3.1 Th¢ lockout switch{actuator in the OFF position and the verification light lit jshall provide
indication that the main contacts of the isolation contactor are open in accordance with Clauges 8.3.3 and
8.3.6. Compljance with this requirement shall be verified in accordance with Clause 8.3.8.
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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.

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 Rulg
as shown in
Contactors a
with the add
document.

8.2.6.2 Cons

8.2.6.2.1 Lod
lockout switc
the test force

8.2.6.2.2 Th
enclosure in
requirement
required by (

}

S, UL 6094 /-1, are Iincluded here but without Clause 7.1.6.1DV additional noie
Clause 8.1.6 of the Standard for Low-Voltage Switchgear and Controlgear
nd Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 6094
tional requirements contained within this standard, as requirements~fof cont

truction requirements for lockout switches

king of the lockout switch actuator in the open positiof)shall only be possi
N contacts are in the open position. Compliance with-tHis requirement shall be
”3F” is applied to the actuator as in Clause 9.2.22.%.

lockout switch shall be designed so that the actuator, front plate or cover i
manner which ensures correct contact position indication and locking. Compli
nd Clause 8.2.5.1.1 shall be verified in g@ecordance with Clause 9.2.2 and follo
lauses 8.2.6.2.1 and 8.2.6.2.5.

and included
— Part 4-1A:
7-4-1A, along
actors in this

ble when the
verified while

5 fitted to the
ance with this
ving the tests

8.2.6.2.3 The locking means shall be designed in such a way that the switch contacts cannot change

positions with

8.2.6.2.4 Alt¢rnatively, padlock able méans may be provided to prevent access to the actu

8.2.6.2.5 Cq
manufacturer

force "3F” specified in Clause 9.2.2.2.1 shall be applied to the actuator in an attempt t¢

lockout switc
applied, the |
continuity.

the appropriate padlock(s) installed.

mpliance with Clause 8.2.6.2.3 shall be verified using a padlock spe
or an equivaleént-gauge, giving the most adverse conditions, to simulate loch

h from the€ open position to the closed position. At the same time as the test
bckout, switch shall be subjected to a test voltage across open contacts to ensu

htor.
tified by the
ing. The test

operate the
force "3F” is
re there is no

8.2.6.2.6 De

pending o the designm of the systenT isotationm device, the tockout switctt contacts shall

comply with the A’ designated AC-15 or the 'N’ designated DC 13 ratings in Table 8.11, Examples of

mirror contac

t rating designation based on utilization categories.

8.2.6.2.7 The lockout switch shall demonstrate resistance to mechanical and electrical wear verified to a
minimum of 10,000 cycles of operations as in Clause 8.3.4.3.
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8.2.7 Termin

als

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 Provisions for earthing

8.2.8.1 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 t

he following additions.

8.2.8.2 Cont
be provided
the circuit au

8.2.9 Enclos

8.2.9.1 Clau
Rules, UL 60

8.2.9.2 The
5.6.1.2.1.

8.2.9.3 Whe
operating mg
Low-Voltage
Contactors a

8.2.10 Degre

8.2.10.1 Cla
Rules, UL 60

Note — Conform
60947-1, restrict

ol circuits shall be allowed to be grounded or ungrounded. Ungrounded confro
vith an insulation monitoring device that either indicates a ground (earth) faul
omatically after a ground (earth) fault.

Lres for equipment

047-1, applies with the following additions.
bystem isolation equipment shall be provided in an englosure to restrict access
h the enclosed system isolation equipment additionally contains the supply di
ans shall be interlocked with the cover _of/door as in Clause 8.1.10 of the
nd Motor-Starters, UL 60947-4-1A.

es of protection of enclosed equipment

Ise 7.1.11 of the Standardfor Low-Voltage Switchgear and Controlgear — P&
047-1, applies.

hnce with Clause 7.140,'ef the Standard for Low-Voltage Switchgear and Controlgear — Part 1: G
5 enclosures to a minimum IP rating of 2X.

circuits shall
or interrupts

be 7.1.10 of the Standard for Low-Voltage Switchgear and«Eontrolgear — Part 1: General

. See Clause

sconnect, the
Standard for

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

rt 1: General

Eneral Rules, UL
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8.3 Performance requirements (see 8.2 of UL 60947-4-1A)

8.3.1 Operating conditions and limits

8.3.1.1 Clause 8.2.1.1 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, with

the following additions apply with regard to isolation and shorting contactors.

8.3.1.2 For isolation contactors and, where used, the shorting contactor applications, Clause 8.2.1.2 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, applies.

8.3.1.3 For dontrol circuit component applications Clauses 7.2.7.T and 7.2.7.2 (for confral
Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-

8.3.1.4 The yerification indication occurs only if the voltage of the isolated circuit is\leSs tha
between phases and between any phase to neutral or grounded conductor or 12 Vdc (ripple
circuit condugtors or circuit conductors and common (or earth in a grounded(system), after
occurred. Fof the voltage grounding method, the verification indication «0ceurs only wher
verified that the grounding contactor has been pulled in (energized).

8.3.2 Tempefrature rise

8.3.2.1 Clause 8.2.2 of the Standard for Low-Voltage Switchgear and Controlgear
Contactors gnd Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
applies with fegard to isolation and shorting contactors,

8.3.3 Dielectyic properties

8.3.3.1 The 3
specified in

bystem isolation equipment power circuit shall be capable of withstanding the @
lause 9.3.3.4.

8.3.3.2 The [system isolation equipmént control circuit shall be capable of withstandir
frequency withstand verification of solid insulation test specified in Clause 9.3.3.4.3.

relays) of the
, apply.

nh 15 Vac rms
ree) between

isolation has
it has been

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

ielectric tests

g the power
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8.3.4 Normal load and overload performance requirements
8.3.4.1 Making and breaking capacities

8.3.4.1.1 Making 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 Tables 8.1 and 8.2.

Table 8.1
Verificatilon of rated making and breaking capacities — conditions for making and |breaking
corresponding to the various utilization categories

Rated Number of
Utilization | pperational Making?) Breaking operating
category current 1/ lgm U/ U, cos @ le / lem Up/ Ue cos & cycles
AC-23A <1g 100 A 10 1.05 0.45 8 1.05 0.45 5
AC-23A 100 A < I 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 currpnt

Ic = Breaking cfirrent

lem = Rated opegrational motor current

U = Applied voltage

U, = Rated opgrational voltage

U, = Operational 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

[¢.=+100 10
100 < I, <200 20
200 < I, <300 30
300 < I, <400 40
4UU <1z = 0UU ouU
600 < I, < 800 80
800 < I, < 1,000 100
1,000 < I, < 1,300 140
1,300 < I, < 1,600 180
1,600 < I 240

8.3.4.1.3 The shorting contactor shall comply with AC-1 or DC-1 (make only) as in Tables 8.2 and 8.3.
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Table 8.3

Verification of rated making and breaking capacities — Conditions for making and breaking

corresponding to the various utilization categories

Making and breaking conditions Number of
Utilization On-time? Off-time operating
category e/ le 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 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.

I = current made and broken, expressed in dc or ac rms symmetrical values

le = rated operdg
U = applied vol
U, = power freg
U, = rated ope
cos @ = power
L/R = time-con
1) 25 operating
2) The time ma

uency or dc recovery voltage
ational voltage
factor of test circuit

cycles with one polarity and 25 cycles with reverse polarity.

tional current
age

tant of test circuit

be less than 0.05 s, provided that contacts are allowed to become properly’ seated before re-op4

ning.

8.3.4.1.4 Making and breaking capacities of control circuit components under abnormal conditions,

Clause 8.2.4]1 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1A: C
Motor-Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, applies
Clause 8.3.4]1.5.

8.3.4.1.5 Th¢ control circuit components switching e€lements shall be capable of making
put failure under the conditions stated.in*Table 8.4, for the required utilization c
f operating cycles indicated, under\thié conditions specified in Clause 9.3.3.6.3.

currents with
the number g

Verification

Table 8.4
of making and breaking.capacities of switching elements under abnormsa
corresporiding to the utilization categories’

bntactors and
in addition to

and breaking
btegories and

| conditions

Making|and breaking
Make Break operation
Utilization Minimum Rate per
Category g U/U, - g U/U, - on-time Number minute
AC - - cos ¢ - - cos ¢ Cycles (at - -
50 Hz or
60 Hz)
AC-15 10 11 03 10 11 03 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 T 095 10 6
DC-14 10 1.1 15 10 1.1 15 25%) 10 6

le Rated operat
| Current to be

U Voltage befo
P = U x | Ste
T .95 Time to r

ional current
made or broken

U, Rated operational voltage

re make
ady-state power consumption, in W
each 95% of the steady-state current

1) The abnormal condition is to simulate a blocked open electromagnet. See Clause 9.3.3.6.3.

Table 8.4 Continued on Next Page
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Table 8.4 Continued

Making and breaking
Make Break operation
Utilization Minimum Rate per
Category Mg U/U, - Mg U/U, - on-time Number minute

General Rules,

4) Both on-time

in parallel. The
For semicondu

2) For tolerances on test quantities, see Clause 8.3.2.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1:

UL 60947-1.

3) For semiconductor switching devices an overload protective device specified by the manufacturer should be used to verify the
abnormal conditions.

values (for Iake and for lyeak) shall be at least equal to 2 cycles (or 25 ms for DC-14).

5 The value "6 x P” results from an empmcal relatlonshlp which |s found to represent most dc magnetlc Ioads to an upper limit
of P=50W, ie

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

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

f smaller loads

8.3.4.2 Con\

8.3.4.2.1 Clg
Contactors 4
applies with 1

8.3.4.2.2 De

contactor sh
operations in

Verification

entional operational performance
use 8.2.4.2 of the Standard for Low-Voltage Switchgear andCControlgear

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

il comply with AC-23A or DC-23A. The main q4solation contactor shall be
ficated in Tables 8.5 and 8.6.
Table 8.5

the various utilization categories

— Part 4-1A:
60947-4-1A,

bending on the intended application of the systemisolation device, the mpain isolation

subjected to

of operational performance — conditions for making and breaking corregponding to

Rated
bperational Number of
Utilization motor Making® Breaking operating
category current 1/ lem U/ U, cos @ Ic / lem 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
| = Making current
I = Breaking clirrent
lem = Rated opegrational motor current
U = Applied voltage:

U, = Rated operational voltage
U, = Operational frequency or dc recovery voltage
a) For ac the making current is expressed by the rms value of the periodic component of the current.
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Table 8.6

Verification of operational performance — number of operating cycles corresponding to the rated

operational current for AC-23A and DC-23A utilization categories

Numbering of Number of operating cycles

Rated operational operating cycles per AC and DC A categories
current I, hour Without current With current Total
0 < lgm <100 120 8,500 1,500 10,000
100 < lgm < 315 120 7,000 1,000 8,000
315 < lgy, < 630 60 4,000 1,000 5,000
630 < lgm < 2,500 20 2,500 500 3,000
2,500 < | 10 1,500 500 2,000

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

8.3.4.2.3 De
shall comply
contactor sh3
for 6,000 ope

Verification

bending on the intended application of the system isolation equipment, the-shor

with AC-1 or DC-1 (make only). For conventional operational pefformance
Il be subjected to the conventional conditions indicated in Tables 8.77and 8.8
rating cycles.

Table 8.7

various utilization categories

ling contactor

the shorting

vithout failure

pf operational performance conditions for making and breaking correspgnding to the

actual peak val
lc = current ma
le = rated operd
U = applied vol
U, = power freg
U, = rated ope
Cos @ = powef
L/R = time-con
1) 3,000 operat
2) The time ma

Making and breaking conditions Number of

Utilization On-time? Off-time operating
category Ic /g U,/ U, cos @ s s cycles
AC-1 1.0 1.05 0.8 0.05 Table 8.8 6,000
DC-1 1.0 1.05 1.0 0.05 Table 8.8 6,000"
| = current made. The making current is expressed in dc or‘ac rms symmetrical values but it is understood that, for ac, the

Lie during the making operation may assume a higher value than the symmetrical peak value.
e and broken, expressed in dc or,ac-rms symmetrical values

tional current

age

uency or dc recovery voltage

ational voltage

factor of test circuit

tant of test cireuit

ng cycles withrone polarity and 3,000 operating cycles with reverse polarity.

be less than 0.05 s, provided that contacts are allowed to become properly seated before re-op4

ning.
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Table 8.8
Relationship between current broken I, and off-time for the verification operational performance
Current broken I, Off-time,
A s

I. <100 10
100 < I, < 200 20
200 < I, < 300 30
300 < I, < 400 40
400 < I, < 600 60
600 < I, < 800 80
800 < . < 1,000 100
1,000 < I, < 1,300 140
1,300 < I, < 1,600 180
1,600 < I, 240

8.3.4.2.4 Making and breaking capacities of switching elements of control eircuit comppnents under
normal condifions, Clause 8.3.3.6 of the Standard for Low-Voltage Switchgeat)and Controlgear — Part 1:
General Rules, UL 60947-1, applies for the required utilization category and\number of cyclgs indicated in
Tables 8.9 and 8.10.

Table 8.9
Verification of making and breaking capacities of switching elements of control| circuit
components under normal conditions corresponding to the utilization categoties?’

Utilization Make? Break?® Minimum
Category g U/U, Mg U/U, on-time
AC cos ¢ cos ¢ Cycles (at 50
Hz or 60 Hz)
AC-15 10 1 0.3 1 1 0.3 3%
DC 10.95 ms T0.95 ms Time ms
DC-13 1 1 6 x P9 1 1 6 x P9 T0.95
DC-14 10 1 15 1 1 15 253)

le Rated operafjonal current

| Current to be jmade or broken

U, Rated opergtional voltage

U Voltage befofe make

P = U, x |, Stepdy-state power consumption, in W
T0.95 Time to fjeach 95%-0f the steady-state current
) See Clause $.3.3.5.2:

2) For tolerancgs ‘entest quantities, see Clause 8.3.2.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1:
General Rules, UL 60947-1.

3) Both on-time values (for Imake and for lyeqx) shall be at least equal to 2 cycles (or 25 ms for DC-14).

4) The value "6 x P” results from an empirical relationship which is found to represent most dc magnetic loads to an upper limit
of P =50 W, i.e. 6 x P = 300 ms. Loads having power consumption greater than 50 W are assumed to consist of smaller loads
in parallel. Therefore, 300 ms is to be an upper value, irrespective of the power.



https://ulnorm.com/api/?name=UL 6420 2018.pdf

OCTOBER 19, 2012

UL 6420

37

Table 8.10

Sequence, 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 minute
1 502 6
2 10 Rapidly®
3 990 60
4 5,000 6

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

3) As rapidly a

2) The first 50 dperating cycles shall be made with the test voltage raised to Ug x 1.1, the test current I, having.b
with the voltagg at U,.

possible whilst ensuring complete closing and opening of contacts.

een first set

8.3.4.3 Dura

8.3.4.3.1 El¢
performance
durability ma
Clause 7.2.4
60947-1 appl

8.3.4.3.2 The¢ additional level of mechanical and electrical durability of the system isolati

components
Instructions f

8.3.5 Coordi
8.3.5.1 The
protective de
Clause 9.
8.3.6 Leakag
8.3.6.1 The

contacts in th
operational v

bility of isolation contactor and lockout switch

ments of minimum mechanical and electrical durability are>demonstrated in
requirements for the system isolation equipment components; however, additi

be required in order to meet the safety performance,category classification i
3 of the Standard for Low-Voltage Switchgear and Controlgear — Part 1: Geng
es in addition to Clause 8.3.4.3.2.

s verified, when needed, by special tests.¢onducted at the discretion of the
br conducting these tests are given in Clause 9.1.2.

nation with short-circuit protective devices (see Clause 8.2.5 of UL 60947-4-1A
rated conditional short-circuit current of the system isolation equipment (with
vice) specified by the mdnufacturer shall be verified by short-circuit tests a
e current when isolated (system isolation equipment isolation contactor)
eakage current shall be measured through each pole of the isolation contg

e open pasition. The value of leakage current, with a test voltage equal to 1.1 ti
bltage.shall not:

meeting the
onal levels of
n Clause 4.4.
ral Rules, UL

T;]n equipment

anufacturer.

short circuit
5 specified in

ctor with the
mes the rated

a) E

ceed 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 and breaking
operations or short circuit test in accordance with the test requirements as specified herein.

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

Table 8.11
Examples of mirror contact rating designation based on utilization categories

Conven-
tional
enclosed
thermal
Designa- |Utilizatier—eurrent
tion 1) ca‘:ég“:)ry lineA Rated operational current I, (A) at rated operational voltage U, YA rating
Alternating current 120 V 240 V 380 V 480 V 500 V 600 V Make Break
A150 AG - 15 10 6 - - - - - 7,200 720
A300 AG¢ - 15 10 6 3 - - - ~ 7,200 720
AB600 AG¢ - 15 10 6 3 1.9 1.5 1.4 *.2 7,200 720
B150 AG - 15 5 3 - - - - - 3,600 360
B300 AGQ - 15 5 3 1.5 - - - - 3,600 360
B600 AGQ - 15 5 3 1.5 0.95 0.75 072 0.6 3,600 360
C150 AGQ - 15 2.5 1.5 - - - = - 1,800 180
C300 AG - 15 2.5 1.5 0.75 - - - - 1,800 180
C600 AG - 15 25 1.5 0.75 0.47 0.375 0.35 0.3 1,800 180
D150 AG - 14 1.0 0.6 - - N - - 432 72
D300 AGQ - 14 1.0 0.6 0.3 - - - - 432 72
E150 AG¢ - 14 0.5 0.3 - - - - - 216 36
Direct current 125V 250 V 400 V 500 V 600 V Make Break
N150 D¢ - 13 10 2.2 - - - - 274 275
N300 D¢ - 13 10 2.2 1.1 - - - 271 275
N600 D¢ - 13 10 2.2 154 0.63 0.55 0.4 275 275
P150 D¢ - 13 5 1.1 - - - - 134 138
P300 D¢ - 13 5 1.1 0.55 - - - 134 138
P600 D¢ - 13 5 1.4 0.55 0.31 0.27 0.2 134 138
Q150 D¢ - 13 2.5 0.55 - - - - 69 69
Q300 D¢ - 13 2.5 0.55 0.27 - - - 69 69
Q600 D¢ - 13 2.5 0.55 0.27 0.15 0.13 0.1 69 69
R150 D¢ - 13 10 0.22 - - - - 28 28
R300 D¢ - 13 1.0 0.22 0.1 - - - 28 28
1) The letter stgnds«for'the conventional enclosed thermal current and identifies (ac or dc): for example B means |5 A ac The
rated insulation| voltage U; is at least equal to the number after the letter.
2) The rated operational current I, (A), the rated operational voltage U, (V) and the break apparent power B (VA) are correlated
by the formula B = Ug X |,.

8.3.7.2 The auxiliary (mirror) contact component shall demonstrate resistance to mechanical and
electrical wear verified to a minimum of 10,000 cycles of operations as in Clause 8.3.4.3.
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8.3.7.3 As a result of the test in Clause 9.3.5 on each pole of the isolation contactor, the mirror contact
gap(s) shall be greater than 0.5 mm or there shall be no disruptive discharge across the mirror contact.

8.3.7.4 At the end of the conventional operational performance tests of the respective contactor,
according to Clause 9.3.3.6, it shall be verified that, when the coil is energized, the open mirror contact
shall withstand its rated insulation voltage U;.

8.3.8 Functional requirements

8.3.8.1 Normal

operation

8.3.8.1.1 In normal operation the system isolation equipment shall meet the following functional criteria:

a) V\Jhen a lockout switch is placed in the off (open) position the system isolation“€

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

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 opene

ii) Positively confirms that there is no motive voltage on the load si
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\ifluminated at the lockout station,

quipment:

d and

de of the

ii) The isolated condition remains as long as any lockout switch refnains in the

off (open) position; and

i) It shall not be possible for the isolation contactor to be re-close
interruption and restoration of the mains power supply.

1) All Jockout stations which remain in the on (closed) position shall not ha
verification lights illuminated; and

i only by

Ve their

2) ANy subsequent fockout switches whichare ptaced-into theoff (open)p
system isolation equipment fulfills the steps in (a).

sition, the

¢) Upon returning a lockout switch to the closed (ON) position, the verification light at that

lockout

station 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

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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d) Upon restoration of power to the system isolation equipment, the isolation contactor shall not
close:

1) Until a deliberate manual command or operation to the system isolation
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

equipment

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.

8.3.8.2 Fault

reaction requirements

8.3.8.2.1 The¢ system isolation equipment shall respond to single faults listed in Clause.8.3.§

a) U
statig

b) A
moni
intern
until

cond

c) If
as lo
verifi

d) R
isolat
from

e) A

equig
proce

nder any operating condition, a false verification indication shall net be given g
n;

power on, prior to isolation contactor being closed, the control functions shall
ored to verify the absence of internal faults within the system isolation equipni
al fault is detected, the isolation contactor shall not.elese. A fault that is not d
b system transition occurs (i.e. from on to off or fromvoff to on, shall not result
tion).

an internal fault is detected after verification’is established, the isolated condit
ng as the lockout switch remains in the off*(open) position, including a failure ¢
Cation light.

p-closure of the isolation contactor is not possible as long as an internal fault i

.3, such that:

t any lockout
be
ent. If an

btectable
in an unsafe

on remains
f the

n the system

ion equipment is present. A-fault that is not detectable until a system transition occurs (i.e.

on to off or from off to ony.shall not result in an unsafe condition).

manual reset command or operation of the internal control circuit of the systefn isolation

ment is required fellowing the repair of the failure to initiate the control fault m
ss, and if no faults are detected, the normal operating condition is restored.

8.3.8.2.2 The effect of Jcomponent failure upon the system isolation equipment performg

determined u

sing anlanalysis method such as one of those mentioned in Clause 9.3.6.

onitoring

nce shall be
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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 or other foreign-fnaterial.
b) Cpnnection 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) Rpted safety components used within the system isolation equipment failures;
1) Example failures to consider:
i) Qpen coil.
ii)> Contact won’t change state due to mechanical link failure.

iii) Contact(s) welded.

iv)—Contact(s) ot Taking circuit due to corrosion or other foreigmmaterial.
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.

8.3.8.3.2 Ov
it from perfor

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

8.4.1 Generd

8.4.1.1 For
considered a

8.4.1.2 Powsg
demonstrateq
9.3.3.5and 9
and Motor-St

8.4.1.3 This
supply. It sha
in Clause 9.3
and Motor-St

3) Verificafion light af Tockout stafion failure;
i) Light burn out.

brall design of the system isolation equipment shall be such that any failure(s) W
ming in accordance with Clause 4.4.

roducts falling within the scope of this standard, two sets of environmental g
nd are referred to as environment A and environment B. See Clause 8.4.3.

r frequency magnetic field tests are not.required when contactors are used
by the successful completion of the-operational performance capability tests.

.3.3.6 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4-1

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

equipment is inherently sensitive to voltage dips and short time interruptions ¢
| react within the limits of Clause 8.2.1.2 and this is verified by the operating lim
.3.2 of the Standard.for Low-Voltage Switchgear and Controlgear — Part 4-1
arters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A.

ill not prevent

onditions are

L Immunity is
See Clauses
A: Contactors

n the control
ts tests given
\: Contactors
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8.4.2 Immunity
8.4.2.1 Equipment not incorporating electronic circuits

8.4.2.1.1 For electro-mechanical contactors and relays which do not incorporate active 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, cafdacitors, surge suppressors, inductors) are not required 1o be tested.

8.4.2.2.2 Th¢ performance criteria are quoted in Table 8.12 and described in moresdetail in Table 8.13.
Normal perfgrmance is as defined under normal operation criteria, Clause 8.3:8.1"and fault reaction
criteria, Clauge 8.3.8.2.

Note — The test fesults are specified using the performance criteria of the Standard for Electtemagnetic Compatibility (EMC) — Part
4-2: Testing and Measurement Techniques — Electrostatic Discharge Immunity Test, IEC 64000-4-2, Clause 9, Hvaluation 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 pgrformance

which is self-recoverable

3 Temporary degradation, or loss of function or pgrformance,
which requires operator’s intervention or system| reset. Normal
functions shall be restorable by simple intervent|on, for
example by manual reset or restart. There shall[not be any
damaged component.
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Table 8.13
Specific acceptance criteria for immunity tests

Ite

Acceptance criteria

m 1 2

3

control circuits

Operation of power and

Temporary mal-operation
which cannot cause tripping
Unintentional separation or
closure of contacts is not
accepted

Self-recoverable

No mal-operation

Tripping of overload relay

Unintentional separation or
closure of contacts

Not self-recoverable

Operation of displays and No changes to visible display | Temporary visible changes, Permanent loss of display
auxiliary circuit Hermation for-example—uawanted-EED—Hrformation——
illumination
Only slight light intensity No mal-operation of auxiliary | Mal-operation df auxiliary
fluctuations of LEDs or contacts contacts
movement of characters
8.4.3 Emissipn
8.4.3.1 The level of severity required for environment B covers those required for environnjent A.

Note 1 — Environ
Electromechanid
and Controlgear
and light industn
Standard for Lo
to in the Standg
Contactors and
Standard for Ing
measurement,

Note 2 — Environ]
Electromechanid
and Controlgdg
networks/locatio
Part 1: General
Controlgear — P4
14 & 15, as envi
— Radio-frequen

al Contactors and Motor-Starters, UL 60947-4-1A, and envirodment B in the Standard for Low-Vo

ment 1 in the Standard for Low-Voltage Switchgear and Controlgeat,— Part 4-1A: Contactors and

— Part 1: General Rules, UL 60947-1: mainly relates to low=voltage public networks such as reside
al locations/installations. This environment does not cover’highly disturbing sources such as ar
-Voltage Switchgear and Controlgear — Part 1: General/Rules, UL 60947-1, Clause 7.3.1, environn|
rd for Low-Voltage Switchgear and Controlgear — Rart 4-1A: Contactors and Motor-Starters — E
Motor-Starters, UL 60947-4-1A, Tables 14 & 15;:as environment 1 and corresponds to environmg
ustrial, scientific and medical equipment —\Radio-frequency disturbance characteristics — Limits
ISPR 11.

ment 2 in the Standard for Low=Voltage Switchgear and Controlgear — Part 4-1A: Contactors and
al Contactors and Motor-Starters, UL 60947-4-1A, and environment A in the Standard for Low-Vo|
ar — Part 1: Generalt\Rules, UL 60947-1: mainly relates to low-voltage non-publi
hs/installations including, highly disturbing sources. In the Standard for Low-Voltage Switchgear a
Rules, UL 60947-0, Clause 7.3.1, environment A is referred to in the Standard for Low-Voltage

fonment 2 and-corresponds to environment class A in the Standard for Industrial, scientific and m
by disturbance characteristics — Limits and methods of measurement, CISPR 11.

Motor-Starters —
tage Switchgear
htial, commercial
welders. In the
ent B is referred
ectromechanical
nt class B in the
and methods of

Motor-Starters —
tage Switchgear
c or industrial
hd Controlgear —
Switchgear and

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

bdical equipment
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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 emissions, these shall not exceed the limits specified in the relevant product standard.

Note — Within th
standard limits
characteristics
contained in the
Low-Voltage SV
Motor-Starters,

equipment be al

o tested to ensure that the high frequency emissions are not enhanced by the assembly or no

lare based on the Standard for Industrial, scientific and medical equipment — Radio*freque|
Limits and methods of measurement, CISPR 11 for environment A and for envirghment B or|
Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, Uk 60947-1,
itchgear and Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical
L 60947-4-1A, and FCC regulations. If such components are used, it«is, recommended tha

is equipment assembly the components which are used generally have their own product stander. The product

hcy disturbance
based on limits
he Standard for
Contactors and
the assembled
mal connections

effects.
8.4.3.3.2 Limjits for low-frequency emissions — For equipment whieh generates low frequengy harmonics,
where applic@ble, the requirements of Table 8.14 apply.
Table 8.14
Limits for low frequency harmonics
Harmonic order I Maximum permissible harmonic cufrent
Odd order harnponics
3 2.3
5 1.14
7 0.77
9 0.40
11 0.33
13 0.21
15 <n'<'39 0.15 15/n
Even order harmonics
2 1.08
4 0.43
6 0.30
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.

8.4.3.3.83 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 s

ubject 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

Switchgear and Controlgear — Part 1: General Rules, UL 60947-1 apply with the following additions.

9.1.2 Specia
9.1.2.1 Gend
9.1.2.1.1 Sp
9.1.2.2 MecH
9.1.2.2.1 By
a lockout sw
exceeded by
any mechani
Clauses 9.1.1

0.3, 1, 3, and

9.1.2.3 MecH

9.1.2.2.2 The preferred numbers of no-load operating cycles, expressed in millions, are: 0.
10.
anical durability — verification.of"'mechanical durability

9.1.2.3.1 Co

9.1.2.3.1.1 T
connected in

9.1.231.2 O
lubricated be

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

bcial tests are durability tests.

anical and electrical durability — general
convention, the mechanical and electrical durability-efia design of an isolation
itch is defined as the number of no-load operating cycles which would b
90% of all the apparatus of this design beforeit.becomes necessary to servi

cal parts; however, normal maintenance incldding replacement of contacts a
.3.1 and 9.1.2.3.3 is allowed.

hdition of the contactor for tests

he contactor shal~be installed as for normal service; in particular, the condu
the same manfer-as for normal use.

ore the test if lubrication is prescribed in normal service.

contactor or
b attained or
ce or replace
5 specified in

01, 0.03, 0.1,

ttors shall be

uring thedest, there shall be no voltage or current in the main circuit. The confactor may be
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9.1.2.3.2 Operating conditions

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

9.1.2.3.2.2 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.

9.1.2.3.3 Teq

9.1.2.3.3.1 T
intermittent @
conditions wh

9.1.2.3.3.2 In
of the contro
coil is not er
positions. Th
operating cyd

9.1.2.3.3.3 H
the total num|

9.1.2.3.3.4 After each tenth of the total number of-6perating cycles given in Clause 9.1.2.

carried out, if
a) T
b) T

c) Tq
this t

9.1.2.3.3.5 T]

T procedure
he tests are carried out at the frequency of operations correspongding to
uty. However, if the manufacturer considers that the contactor can satisfy
en using a higher frequency of operations, he may do so.

the case of electromagnetic and electro-pneumatic contacters, the duration o
coil shall be greater than the time of operation of the contaetor and the time
ergized shall be of such a duration that the contactor €an come to rest at
b number of operating cycles to be carried out shall.bg not less than the numk
les stated by the manufacturer.
or contactors fitted with releases with shunt &0ils or undervoltage releases, at
ber of opening operations shall be performéd by these releases.

is allowable before carrying on wittinthe test:
b clean the whole contactor without dismantling;

b lubricate parts for whichJlubrication is prescribed by the manufacturer for nor

adjust the travel-and the pressure of the contacts if the design of the contact
D be done.

his maintenance work shall not include any replacement of parts.

the class of
the required

energization
for which the
poth extreme
er of no-load

least 10% of

P.2 has been

mal service;

or enables
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9.1.2.3.4 Results 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 Controlgear — Part 4-1A: Contactors and Motor-Starters — Electromechanical Contactors 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 connecting the conductors.

9.1.2.3.4.2 Any timing relays or other devices for the automatic control shall still be operating.

9.1.2.3.5 Statistical analysis of test results for contactors

9.1.2.3.5.1 The mechanical durability of a design of a contacior is assigned by the manpfacturer and
verified by a ptatistical analysis of the results of the tests.

9.1.2.8.5.2 Hor contactors which are produced in small quantities, the tests described ih Clayses 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 onthe basis of experienge with similar
designs, analysis, properties of materials, etc., and on the basis-of the analysis of test regults 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.R.3.7 shall be
performed. Itishould be selected by the manufacturer as.béing the most suitable in each casg, for example
according to the quantities of planned production or aecording to the conventional thermal ¢urrent.

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 Hight contactors shall be'tested to the assigned mechanical durability.

9.1.2.3.6.2 Iffthe number of failures does not exceed two, the test is considered passed.
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9.1.2.3.7 Double 3 test

9.1.2.3.7.1 Three contactors shall be tested to the assigned mechanical durability.

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

9.1.2.3.7.3 Should there be one failure, then three additional contactors are tested up to assigned
mechanical durability and, providing there is no additional failure, the test is considered passed.

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

Note — The single 8 test and the double 3 test are both given in the Standard for Sampling plans and procedures for inspection by

attributes, IEC 6
chosen with the

(acceptance qudlity level: 10%).

9.1.2.4 Elect
9.1.2.4.1 Tes
9.1.24.1.1 W
operating cyd

made withou

9.1.24.1.2 H

9.1.2.4.1.3 In

9.1.2.41.4 T
specified only

a) C
b) V
9.1.24.1.5 T

9.1.2.3.1 and
replacement

D410 (see tables X-C-2 Sample size code letter C and X-D-2 Sample size code letter D). These twQ
bbjective of basing them on testing a limited number of contactors on essentially the same statistic|
rical durability — verification of electrical durability

t procedure for contactors

ith respect to its resistance to electrical wear, the contactor is by the numb

les corresponding to the different utilization categories{given in Clause 8.3.4.2
repair or replacement.

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

he tests shall be taken as valid if the values recorded in the test report differ frg
within the following tolerances:

Lirrent: £5%;

bltage: £5%.

ests shall béncarried out with the contactor under the appropriate condition

9.1.2.3.2)using the test procedure, where applicable, of Clause 9.1.2.3.3
bf contacts is not allowed.

9.1.2.41.6

tests have been
bl characteristics

er of on-load
which can be

or categories AC the test circuit shall compriseinductors and resistors so arranged as to give
the approprigte values of current, voltage and power factor given in Clause 8.3.4.2.

m the values

s of Clauses
except that

e 9.3.3.2 and

tenthe test, the contactor shall fulfill the operating conditions specified in Claus

withstand a diefectrictest vottage asim Clause 9-3:34:2:
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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 COoS @ | U coS ¢
10 I U 0.7" le Ue 0.4")
Direct?) DC-13 [ U To.05 | U To.05
le U 6 x P9 le Ue 6 x P3

le Rated operafjonal current
| Current to be jmade or broken
U, Rated opergtional voltage
U Voltage
P = Ug X | Stepdy-state power consumption, in W
To.95 Time to rqach 95% of the steady-state current in milliseconds
1) The power-fdctors indicated are conventional values and apply only to the test circuits which simulate the elecfrical
characteristics pf coil circuits. It should be noted that, for circuits with power-facter0.4, shunt resistors are used ih the test
circuit to simuldte the damping effect on the eddy current losses of the actual-electromagnet.
2) For dc electrpmagnetic loads provided with switching devices introducingsan‘economy resistor, the rated operafional current
shall be at least equal to the maximum value of the inrush current.
3) The value "6|x P” results from an empirical relationship which is found'to represent most dc magnetic loads to]an upper limit
of P=50W, i.¢., 6 x P =300 ms. Loads having power consumptioh‘greater than 50 W are assumed to consist ¢f smaller loads
in parallel. Thefefore, 300 ms is to be an upper value, irrespective of the power.

9.1.24.22 H

9.1.24.23 T
cycle. If the t
cause overhsd

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

he ON-duration of current shall.be not more than 50% and not less than 10% o
bst circuit shown in Figure 9:1(a) is used, the ON-duration of current at ten tim

ating. See Figure 9.2 for-examples of contact element schematic sketches.

an operating
s | shall not
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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/, cosp ~ 0,4
cosp ~ 0,7 l . '
. l | 003/, 0,03 /e
R R * R
L L L

S4883 ‘
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Figure 9.2
Examples of contact elements (schematic sketches)
Figure No. Figure Symbols Forms Description
Note 1 . .
4 Single gop contact element with two
a) terminals
B B
Note 1
- X
— m— N/_
4 ote 1 Double gap‘contact element with two
b) . . terminals
_~i¥ Y
Note 1
—
— c Change-over, single gap| contact
4c¢) _’I/_ element with three termipals
Note) 1
?:? Change-over, double gap, contact
4d) Za ﬁlement with four terminpls
ote — The contacts are [of the same
p—  — — polarity
UIFLERLERE
HHHE
HHHE _‘,M Change-over, double gap, contact
4e) HHHHEE | 7b element yith four terminals
v—+ | (The two moying coritocts are
- electrically separated
—  — g

S4884
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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.

9.1.2.4.2.5 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 I, so that the

total

9.1.2.4.2.6 If
with the sim
schematic sk
9.1.2427 T

9.1.2.4.2.8 T]

a) A

comy

such

b) A

indicated in Table 9.1. It shall be verified, by oscillograms, that the time to reach 95
stead

power factor be of 0.4.

in the AT tests the contact element has a bounce time [ess than 3 ms, the test
ptches.
he test report shall record which test circuit has been used.

he DC test circuits to be used shall consist of:

that 1% of the test current will pass through this t€sistor; or
N iron-cored inductor, in series with a resistoryif’required, to obtain a duration

y-state current is equal to the value giventin Table 9.1 +10%, and the time to

of the steady-state current is one-third of the*value given in Table 9.1 £20%.

9.2 Compliance with constructional requirements

9.2.1 Clause

UL 60947-1,

9.2.2 Verificd

9.2.2.1 Gensg

9.2.2.11 To
8.2.5.1.1 and

the operatior

8.2.6.2.5.

8.2 of the Standard for Low*Voltage Switchgear and Controlgear — Part 1: G
applies except for Clauses 8.2.5 and 8.2.6 with the following additions.

tion of direct (positive) operation of the lockout switch
ral
verify the) direct (positive) operation of the lockout switch contacts as require

8.2.6:2.2, the means of indication of contact position shall continue to function
al performance type tests, the actuator strength tests required by Clauses

plified circuit shown in Figure 9.1(b). See Figure 9.2 for examples ofircor

h air-cored inductor in series with a resistor. A resistor,shall be connected acrqg
lete test circuit to simulate the damping due to eddy-cUrrents; the resistance v

may be made
tact element

ss the
alue shall be

10.95 as
% of the
reach 63%

eneral Rules,

d by Clauses
correctly after
B.2.6.2.1 and
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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.

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

)

e\

_ai

S4794

9.2.2.2.4 The test force shall be applied without shock to the extremity of the actuator of 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.
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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 m(
means of lim

ment value, multiplied by five, shall be applied o the actuafor by forcing it
tation. The moment shall be applied for 10 s.

against each

9.2.2.4.2 Th¢ test is passed if each means of limitation has not moved, becomedeose or prevented the

actuator’s no
9.3 Perform
9.3.1 Test s4
9.3.1.1 Clau
Contactors 4
applies to tes

9.3.1.2, appli

9.3.1.2 Test
representativi

9.3.1.3 Test
9.3.1.3.1 Teg
9.3.1.3.2 Teg
9.3.1.3.3 Tes
9.3.1.3.4 Tes

Switchgear a
Terminals for

'mal operation.

Ance

guences

se 9.3.1 of the Standard for Low-Voltage Swiichgear and Controlgear
nd Motor-Starters — Electromechanical Contactors and Motor-Starters, UL
ts conducted on isolating contactor and shorting’contactor and the following ad

bs for control circuit devices.

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

sequence | (sample No. 1)

t No. 1 — Operating limits)of contactors and relays (Clause 9.3.3.2), if applical
t No. 2 — Temperature rise (Clause 9.3.3.3).

t No. 3 — Diélectric properties (Clause 9.3.3.4).

t No. 4 —)Mechanical properties of terminals (Clause 8.2.4 of the Standard for

hd Controlgear — Part 1: General Rules, UL 60947-1, and the Standard for Equ
Use“with Aluminum and/or Copper Conductors, UL 486E).

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

berformed on

e.

Low-Voltage
pment Wiring
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9.3.1.4 Test sequence Il (sample No. 2)

9.3.1.4.1 Test No. 1 — Making and breaking capacities of switching elements under normal conditions
(Clause 9.3.3.6.2).

9.3.1.4.2 Test No. 2 — Dielectric verification (Clause 9.3.3.6.4).
9.3.1.5 Test sequence Il (sample No. 3)

9.3.1.5.1 Test No. 1 — Making and breaking capacities of switching elements under abnormal conditions
(Clause 9.3.3.6.3).

9.3.1.5.2 Tegt 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 Tegt No. 1 — Performance under conditional short-circuit current (Clauses 9.3.4.3|— 9.3.4.6).
9.3.1.6.2 Test No. 2 — Dielectric verification (Clause 9.3.3.6.4).
9.3.1.7 Test sequence V (sample No. 5)

9.3.1.7.1 Test No. 1 — Degree of protection of enclosed contral circuit devices (Annex C of|the Standard
for Low-Voltgge Switchgear and Controlgear — Part 1: General Rules, UL 60947-1).

9.3.1.7.2 Test No. 2 — Verification of actuation force or.fioment (Clause 9.2.2.2).
9.3.1.8 Test sequence VI (sample No. 6)

9.3.1.8.1 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 Tegt No. 2 — Verification ofulimitation of rotation of a rotary switch (Clause 9.2.2.4).
9.3.1.9 Ther¢ shall be no failyreNin any of the above tests.
9.3.1.10 More than one_test sequence or all test sequences may be conducted on one gample at the

request of tHe manufacturer. However, the tests shall be conducted in the sequence given for each
sample above.
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9.3.2 General test conditions

9.3.2.1 Clause 9.3.2 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,
applies for tests conducted on isolating contactor and shorting contactor.

9.3.2.2 Clause 8.3.2.1 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 9.3.2.3 —

9.3.2.9.

9.3.2.3 General requirements; the tests shall be performed with the actuator operated by a machine
complying with the requirements of Clause 9.3.2.4 or, for a rotary switch, in accordance with Clause

9.3.2.5.

9.3.2.4 For g
force (or mor

a) The force (or moment) or the travel of the operating machine shall-¢omply with

follov

b) D

close
the v|

betw

¢) The mechanical connectionibetween the operating machine and the actuator sh
sufficient free play (lost motion) to avoid the operating machine impeding the free npotion of the

actud

9.3.2.5 For

clockwise op
case approxi
direction, foll
0.5to 1 revo

ush-buttons and/or related control switches the operating machine shatlapply
nent) to the actuator in the direction of its motion.

ing conditions according to the manufacturer’s instructions:

1) The maximum force (or moment) exerted on the actuator shall not exce

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

Uring the whole part of the operating cycle*where the contacts move from the
d position (or vice versa) or at least atithe moment when the switching operat
blocity of the operating machine, measured where it touches the actuator, sha
ben 0.05 m/s and 0.15 m/s.

tor away from it.

witches fully fotary in both directions, one operating cycle comprises eit
bration of thevactuator or one fully anti-clockwise operation of the actuator. Ho
mately thrée=quarters of the total number of operating cycles shall be made in
bwed by the remainder in the anti-clockwise direction. The angular velocity shal
ution“per second.

the actuating

bne of the

bd 1.5 times

the force (or moment) required for maximum overifavel of the contact elenpent(s);

of the over-

bpen to
on occurs,
| be

bll have a

her one fully
wever, in this
the clockwise
| be between

9.3.2.6 Test
Part 1: Gene

ral Rules, UL 60947-1, applies except for Clause 8.3.2.2.3.

quantities; Ctause 8-3:2-2 of the Standard—for tow-Vottage Switchgear andControlgear —

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.
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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 of each test and/or test sequence as applicable.
9.3.3 Performance under no load, normal load, abnormal load and over load conditions
9.8.3.1 Operation

9.3.3.1.1 Clause 9.3.3.1 of the Standard for Low-Voltage Switchgear and Controlgear
Contactors and Motor-Starters — Electromechanical Contactors and Motor-Starters, UL

— Part 4-1A:
60947-4-1A,

applies for tepts conducted on Isolating contactor and shorting contactor.

9.3.3.1.2 Clguse 8.3.3.1 of the Standard for Low-Voltage Switchgear and Controlgear.>-

9.3.3.2 Operpting limits
9.3.3.2.1 CI
Contactors

applies for te|

use 9.3.3.2 of the Standard for Low-Voltage Switchgear~and Controlgear
nd Motor-Starters — Electromechanical Contactors and)Motor-Starters, UL
ts conducted on isolating contactor and shorting contactor.

9.3.3.2.2 Clguse 8.3.3.2 of the Standard for Low-Voltage Switchgear and Controlgear —
Rules, UL 60047-1, applies for tests conducted on control*Circuit devices.

9.3.3.2.3 A \oltage monitoring circuit associated with“the system isolation equipment shall
Clauses 8.3.1.4 and 8.3.8.1.1(a) even with a slowly-falling voltage present on the load side
isolation equipment.

9.3.3.3 Temperature rise
9.3.3.3.1 Clquse 9.3.3.3 of the Standard for Low-Voltage Switchgear and Controlgear
Contactors gnd Motor-Starters < Electromechanical Contactors and Motor-Starters, UL

applies for tepts conducted onriselating contactor and shorting contactor.

9.3.3.32 CI

use 8.3.3.3_6f.the Standard for Low-Voltage Switchgear and Controlgear —

Part 1: General

— Part 4-1A:
60947-4-1A,

Part 1: General

operate as in
Of the system

— Part 4-1A:
60947-4-1A,

Part 1: General

ses 9.3.3.3.3

Elements that

ng 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
elements are in their closed position.

which switching
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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 Tor isolafio

=]

Test voltages and corresponding altitudes

Rated impulre

Rules, UL 6094

7-1, Clause 8.3.3.4.1

withstand volfage U;.250 KV
Uimp kV Sea level 200 m 500 m 1,000,m 2,000 m
8.0 12.3 12.1 11.7 1421 10
12 18.5 18.1 17.5 16.7 15
Note — U4 950 3 1.2/50 ps impulse test voltage, the Standard for Low-Voltage Switchgear and Controlgear — Part|1: General

60947-1, Clausg 4.3.1.3

Uimp = Rated i;Lpulse withstand voltage, the Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL

9.3.3.4.3 Clguse 8.3.3.4.1(3) of the Standard for Low-Voltage Switchgear and Controlg¢ar — Part 1:
General Rulgs, UL 60947-1, applies for tests conductedzon system isolation equipment coptrol circuit in
accordance with Clause 9.3.3.4.4.

9.3.3.4.4 The system isolation equipment contrakeircuit shall be capable of withstanding thg test voltage
applied as follows:

— Befjween live parts of the control circuit and grounded parts;

— Befjween live parts of the lockout station control circuit and surfaces of the lockout station
likely|to be touched in,sérvice, conductive or made conductive by a metal foil;

— Befween live parts of the control circuit and isolated inputs and outputs.
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9.3.3.5 Making and breaking capacities for contactors

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 tests 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
general test

9.3.3.6.1.2 T
provided that

9.3.3.6.1.3 A
stated by the

9.3.3.6.1.4 (
of form Zb ar

9.3.3.6.1.5 S
shall be conn
being tested

[lests for verification of making and breakKing capacities shall be made acc

equirements stated in Clause 9.3.2.2.

ests shall be carried out on a single-pole element or on one polecef ‘a mul
all pole elements are identical in construction and operation.

djacent contact elements are considered to be of the opposite polarity unlg
manufacturer.

hange-over contacts of forms C and Za are of the same polarity and change-
e of the opposite polarity.

ingle-pole elements or contact elements in a<multi-pole device stated as the
ected in accordance with the circuit shown. iy Figure 9.4. Any adjacent contact
Ghall not be connected. See Figure 9.2 foriexamples of contact element schem

brding to the

i-pole device

ss otherwise

pver contacts

same polarity
elements not
htic sketches.
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electrically separated

Figure 9.4
Test circuits for multi-pole control switches — Contacts of same polarity, not electrically
separated
o Metal enclosure
sy %\T_ § %\T
Contacts of same polarity not Supply |
N or ——
[ L ] F
o .-

54886

9.3.3.6.1.6 (hange-over contacts of forms C and_Za shall be subject to separate tests in| the normally

open and nofmally closed positions connected in @ccordance with Figure 9.4.

9.3.3.6.1.7 (ontact elements of the opposite-polarity shall be connected in accordance wjith 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
o Metal enclosure
| S, SY% S S |
Contacts of opposite polarity Supply
and electrically separated L J
N or ——
[ L ] F
54886 o -
9.3.3.6.1.8 (hange-over contacts of form Zb shall be subject to separate tests in the normally open and
normally closed positions but with both terminals @f the opposite position being connected {o the supply,
as shown in Figure 9.5, for an adjacent contact of opposite polarity.
9.3.3.6.1.9 Ifithe make and break operations require different values, the circuit shown in Figure 9.6 shall

represent log
sketches.

d Ld in Figures 9.4 and 9:5. See Figure 9.2 for examples of contact elemg

nt schematic
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Figure 9.6

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

power factor (time constants)

Commutating contact

Make current Break current

for example: for example:

10/g,cos @ = 0,3 R R le,cosp = 0,3
.—

R = 33,3

T L4
S4887

L |:| L |:| Rs |:| Formula for Rs calc
U

(

€

ulation

1 -cosg)
COS ¢
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9.3.3.6.1.10 For ac tests, the load shall be an air-cored inductor in series with a resistor, if needed, to
obtain the specified power factor. The inductor shall be shunted by a resistor taking 3% of the total power
consumed (see Figure 9.6).

9.3.3.6.1.11 For dc tests, to obtain the specified steady-state current the test current shall increase from
zero to the steady-state value within the limits shown in Figure 9.7.

Note — For guidance, an example of an iron cored load see Annex B, Examples of inductive test loads for dc contacts, of the
Standard for Low-voltage switchgear and controlgear Part 5-1: Control circuit devices and switching elements — Electromechanical
control circuit devices, IEC 60947-5-1:2009.
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Figure 9.7
Current/time limits for dc test loads
%1 A
(95;100)
100 -
(117;95)
80 A
60 4 | = steady state Ceurrent
% Togs = t'% 100
70,95
40 Togos=6xP for [P< 50 W
Togs = 300 ms for P2 50 W
20 A
(0.,6)
T T T T T T »
20 40 60 80 100 % Tod5
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9.3.3.6.1.12 Test voltage and test current shall be in accordance with Tables 8.1 and 8.9. The test circuit

applied shall

be stated in the test report.

9.3.3.6.2 Making and breaking capacities of control circuit switching elements under normal 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 according to the utilization category.

9.3.3.6.2.2 With the load set in accordance with Table 8.9, the 6,050 operating cycles shall be carried out
in the following sequence:

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

b) 1(I> operations as rapidly as possible at the same time ensuring complete closing

open
c) 94
d) 5,

9.3.3.6.2.3
overload rela

9.3.3.6.2.4 H
of operating
performance

9.3.3.6.3 Ma|
conditions

9.3.3.6.3.1 T|
currents assq
shall be in ad

9.3.3.6.4 Re

9.3.3.6.4.1 O
failures, no ¢

9.3.3.6.4.2
power-freque

ng of contacts;
0 operations at 1-s intervals;
000 operations at 10-s intervals.

hen the construction of the device is such that rapid cyeling is not possible
 contacts, the operations shall be at 10-s intervals or<@as fast as the device w

or auxiliary contacts of a switching device, for example contactor, circuit-breake
Lycles shall be the same as that required for‘the verification of the convention
capability of the switching device (see appropriate product standard).

king and breaking capacities of controliCircuit switching elements under abnor
he test is intended to verify that the control circuit device is capable of making
ciated with electromagnetic-loads. Load values, together with the sequence
cordance with Table 8.1\

sults to be obtained

uring the tests of Clauses 9.3.3.6.2 and 9.3.3.6.3 there shall be no electrical g
pntact welding or prolonged arcing, and the fuses shall not blow.

Afterithe test of Clauses 9.3.3.6.2 and 9.3.3.6.3 the device shall w
hcyytest voltage of 2 U, but not less than 1,000 V, applied as specified in Cla

and

for example
[l allow.

r, the number

bl operational

mal

and breaking

of operations

r mechanical

ithstand the
Ise 9.3.3.4.3.
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9.3.4 Performance under short-circuit conditions
9.3.4.1 General conditions for short-circuit tests

9.3.4.1.1 Clause 9.3.4.1 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 for tests conducted on isolating contactor and shorting contactor with the following addition.

9.3.4.1.2 Test circuit for the verification of short-circuit ratings

9.3.4.1.2.1 Clause 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,
applies for tefsis performed on the isolafion contactor with its associaled line side short-cirguit protective
devices.

Note — The assqciated line side short-circuit protective device(s) could be the main machine short-circuit protective device(s) as in
the cases of Figlires A.2 and A.3 but not in the case of Figure A.1.

9.3.4.1.3 Clguses 9.3.4.3, 9.3.4.4, 9.3.4.5, and 9.3.4.6 apply only for tests conducted on fontrol circuit
switching elements.

9.3.4.2 Conditional short-circuit current of contactors

9.3.4.2.1 Clquse 9.3.4.2 of the Standard for Low-VoltagexSwitchgear and Controlgear |- Part 4-1A:
Contactors gnd Motor-Starters — Electromechanical Contacttors and Motor-Starters, UL| 60947-4-1A,
applies with the following addition.

9.3.4.2.2 Th¢ rating or setting of the isolation contactor's associated line side short-cirquit protective
device(s) shdll be equal to the rated current of the power circuit of the system isolation equipment.

9.3.4.2.3 Test at the prospective current {r”

9.3.4.2.3.1 (lause 9.3.4.2.1 of the Standard for Low-Voltage Switchgear and Controlgear|— Part 4-1A:
Contactors gnd Motor-Starters <. Electromechanical Contactors and Motor-Starters, UL| 60947-4-1A,
applies with the following additiens.

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 Standdrd for Low2Voltage Switchgear and Controlgear — Part 4-1A: Contactors and Nlotor-Starters
— Electromechanical(Contactors and Motor-Starters, UL 60947-4-1A.
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Table 9.3
Short circuit test values

Rated operational current I, Test Current, symmetrical rms Power factor cos @
0<lg<315 10,000 0.50
315 < I, <630 18,000 0.30
630 < |, < 1,000 30,000 0.25
1,000 < I < 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) O
b) O
Where a sef

designated fg
is closed prig

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

9.3.4.2.4 Te{
9.3.4.24.1 Q
Contactors 4
applies with 1

9.3.4.242 T
connected to

a) O
b) O
9.3.4.25 Re

9.3.4.25.1 T

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

See
Cont

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

he withstand (O) operation with the isolation contactor(s) closed prior to)the te
ies connected pair of contactors is used, it shall be permitted. that only

r switching be closed for the (CO) operation while the contactor désignated as
r to the test. Further, where a series connected pair of contactors is used bg
t at the rated conditional short-circuit current Iq
lause 9.3.4.2.2 of the Standard for Low-Voltage.Switchgear and Controlgear
nd Motor-Starters — Electromechanical Coritactors and Motor-Starters, UL

he following addition.

he isolation contactor and its associated line side short-circuit protective devi
the circuit and the following sequehce of operations performed:

he closing (CO) operation of\the isolation contactor; and

he withstand (O) operation with the isolation contactor closed prior to the test.
Sults to be obtained

he system isolation equipment shall comply with the following:

D.3.4.1.2 of the Standard for Low-Voltage Switchgear and Controlgear — Part 4
hetors and Motor-Starters — Electromechanical Contactors and Motor-Starters,

St.

he contactor
hon-switching
th contactors

— Part 4-1A:
60947-4-1A,

te(s) shall be

r opened.
-1A:
UL 60947-4-

1A.

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

prote

ction is not less than indicated in Clause 8.2.10.

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

separ.

ated from the terminals.

d) There shall be no cracking or breaking of insulating base to the extent that the integrity of
mounting of a live part is impaired.
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e) The main circuit breaker or switch, if part of the system isolation equipment, is capable of
being opened manually by its operating means.

f) Neither end of a short circuit protective device is completely separated from its mounting
means to an exposed conductive part.

g) If a circuit breaker with rated ultimate short-circuit breaking capacity less than the rated
conditional short-circuit current assigned to the system isolation equipment, the circuit-breaker
shall be tested to trip as follows:

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

2) Circuit-breakers with overload relays or releases at 250% of the rated‘eurrent of the
circuit breaker.

h) There shall be no discharge of parts beyond the enclosure.

i) The adequacy of insulation is verified after each operation (at eurrents “r” and ”1)”) by a
dielegtric test on the complete unit under test (short circuit protective device plus cgntactors but
before replacement of parts) using an essentially sinusoidal tést voltage of twice the rated
operational voltage U, but not less than 1000 V. The test-vQltage shall be applied fpr 1 min to
the incoming supply terminals, with the switch or the cifeuit-breaker in the open position, as
follows:

1) Between each pole and all other polés connected to the frame of the cgntactor(s);

2) Between all live parts of all poles“connected together and the frame of the
contactor(s);

3) Between the terminals, of the line side connected together and the termipals of the
other side connected together.

i) There shall be no damage to the isolating contactor, the contacts shall not be welded, and
the cpntacts shall comply-with impulse withstand and leakage current requirements|for isolation.
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9.3.4.3 General conditions for control circuit switching elements short-circuit tests
9.3.4.3.1 The switching element shall be in a new and clean condition, mounted as in service.
9.3.4.4 Test procedure for control circuit switching elements short-circuit tests

9.3.4.4.1 The switching element may be operated several times before the test, at no load or at any
current not exceeding the rated current.

9.3.4.4.2 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 Thé¢ confact element 1o be tesied shall be in series with the Shori-Circuil Protéctive Device
(SCPD), the lpad impedance, and a separate switching device in a single-phase circuit as.shpwn in Figure
9.8. See Figure 9.2 for examples of contact element schematic sketches. The test guantities 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
I o / \ *Note
/ 71

| o] 3 o

\ L —+— H

Prospective current 1 000 A

Power factor 0,5-0,7 (or\es

specified by the manufqttirer) i

Switch under test
SCPD as specified by Fusible element

54888 the manufacturer

9.3.4.4.4 The test is performed by making the current with the separate making switch and the current
shall be maintained until the SCPD operates.
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