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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 system isolation equipment is expected to be used both as a means for removal of power for
prevention of unexpected start-up of a stopped machine and as an isolator to provide protection from
electric shock by ensuring the removal of electrical energy.

1.1.1.3 This equipment is intended for installation in accordance with the National Electrical Code, NFPA
70 and the Electrical Standard for Industrial Machinery, NFPA 79:2012.

Note – Reference to System Isolation Equipment is found in Article 430.109(A)(7) of the National Electrical Code NFPA 70; in Clause
5.5.4(3), Devices for Disconnecting (Isolating) Electrical Equipment, of the Electrical Standard for Industrial Machinery, NFPA
79:2012; and in Clause 5.3.2(d) of the Standard for Safety of Machinery – Electrical Equipment of Machines – Part 1: General
Requirements, IEC 60204-1.

1.1.1.4 The System Isolation Equipment is not intended to fulfill the function of a motor starter or other
motion control device.

1.1.2 System isolation equipment

1.1.2.1 Typical application

1.1.2.1.1 The system isolation equipment is principally intended for industrial machine applications
where, isolation of power is so frequently required that the mechanical life of a typical disconnecting
means is unacceptably short or where there are multiple entry points on the machine where disconnection
is required, or both.

Note – Multiple entry points are a function of access needs and the layout of the machine.

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;

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

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

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

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

Full document details: UL 6420 2023
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2 Normative References

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

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

UL 60947-4-1A
Standard for Low-Voltage Switchgear and Controlgear – Part 4-1: Contactors and motor-starters –
Electromechanical contactors and motor-starters

NFPA 79:2012
Electrical Standard for Industrial Machinery

3 Definitions

3.1 For the purpose of this standard, the definitions of Clause 2 of the Standard for Low-Voltage
Switchgear 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
simultaneously with the normally open main contact.

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

3.4 MONITORED CIRCUITS – Control circuits that are designed so that their function(s) are checked for
failure continuously or at suitable intervals by the control system.

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

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

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

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

Full document details: UL 6420 2023
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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 multiple power isolation is accomplished by isolating the power to individual motors, groups of
motors or other loads.

4.3 According to the utilization category/load designation

4.3.1 Although the system isolation equipment is not intended to be used as a motor starter or any other
form of motor control, the power components and power circuits shall be appropriate for on-load switching
of motors or other inductive loads of the connected equipment. The system isolation equipment’s rating
and load designation shall be in accordance with the Standard for Low-Voltage Switchgear and
Controlgear – Part 4-1A: Contactors and Motor-Starters – Electromechanical Contactors and Motor-
Starters, UL 60947-4-1A, Table 5.4DV.1. The utilization category/load designation shall be based on the
construction and performance requirements found in Clause 8 and testing requirements in Clause 9.

4.3.2 Clause 5.4 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:

a) AC−23A: Switching of alternating current motor loads or other highly inductive loads (A =
frequent use)

b) DC−23A: Switching of highly inductive direct current loads (e.g. series motors) (A = frequent
use)

4.3.3 Only references to contactors 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,
apply to power control components of system isolation equipment.

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:

Full document details: UL 6420 2023
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a) Voltage sensing method refers to measurement of the power circuit voltage on the load side of
the system isolation equipment contactor to determine whether the voltage is below a preset
threshold, or

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

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

4.6.2 See Clause 5.4.

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

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

4.7.2 See Clause 5.6.

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 / to machine 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.

b) Information related interface channels:

1) Lockout switch positions (open or closed);

2) System isolation equipment components status / trouble shooting aids;

3) System isolation equipment status.

Full document details: UL 6420 2023
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4.9 According to the reset function following restoration of power to the power circuit line
terminals

4.9.1 When power to the line side of the system isolation equipment is initiated or restored, the system
isolation equipment requires a manual reset before power can be made available to the connected
equipment.

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

5.1 General

Note – Some of the requirements for the various components of the system isolation equipment are defined in parts of the UL 60947
series of standards. In most cases these requirements are incorporated by reference rather than restated in this Clause.

5.1.1 Control components

5.1.1.1 The control circuit components shall be selected to meet the relevant construction and
performance requirements in Clause 8, Construction and performance standards. The control circuit
components shall be applied within the limits defined by their characteristics. See Clause 5.1.1.3.

Note – The requirements of control components selected to be used in system isolation equipment may be found 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.

5.1.1.2 Control circuit components shall be evaluated in order to determine their suitability in the system
isolation equipment design. See Clauses 5.1.2.4 and 8.2.9.

5.1.1.3 The characteristics of control circuit devices and switching elements should be evaluated in the
following terms, where applicable:

a) Type of equipment (e.g. kind of control circuit device: manual control switches,
electromagnetically operated control switches, indicator lights and kind of switching elements:
auxiliary contacts, interlocking contacts, control circuit contacts);

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

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

d) Normal and abnormal load characteristics (see Clause 5.1.1.9);

e) Switching over-voltages (see Clause 5.1.1.11);

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.

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

a) Rated operational voltage (Ue): 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.

Full document details: UL 6420 2023
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Note 2 – Control switches dealt with in the Standard for Low-voltage switchgear and controlgear – Part 5-1: Control circuit
devices and switching elements – Electromechanical control circuit devices, IEC 60947-5-1, and the Standard for Industrial
Control Equipment, UL 508, are often not intended to be used at very low voltages and they may not be suitable for such a
service. It is therefore recommended to seek the advice of the manufacturer concerning any application with a low value of
operational voltage, e.g. most applications below 100 V ac or dc.

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

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

5.1.1.6 A switching element is characterized by the following currents:

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

b) Conventional enclosed thermal current (Ithe): 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 (Ie): The first paragraph of Clause 4.3.2.3 of the Standard for Low-
Voltage Switchgear and Controlgear – Part 1: General Rules, UL 60947-1, applies.

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

5.1.1.8 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 Table 8.9 and Table 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 –
Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, and comply with the appropriate corresponding requirements in
that publication.

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

Note – An example of an abnormal condition of use is one where the electromagnet does not operate and the switching elements
have to interrupt the making current.

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

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

Kind of current Category Typical applications

Alternating current AC-12 Control of resistive loads and solid state loads with isolation by opto-
couplers

AC-13 Control of solid state loads with transformer isolation
AC-14 Control of small electromagnetic loads (≤72 VA)

AC-15 Control of electromagnetic loads (>72 VA)

Direct current DC-12 Control of resistive loads and solid state loads with isolation by opto-
couplers

DC-13 Control of electromagnets

DC-14 Control of electromagnetic loads having economy 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.

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 levels may be done by using the precise conventional testing methods such as those found in IEC 60947-5-4, Low-
Voltage Switchgear and Controlgear – Part 5: Control circuit devices and switching elements – Section 4: Methods of assessing the
performance of low-energy contacts – Special tests, or using a similar methodology such as found in IEC 61810-1,
Electromechanical Elementary Relays – Part 1 General requirements and IEC 61810-2, Part 2 Reliability.

Note 2 – Often the needed defined predictable behavior test data or other similar information will nominally be gathered during the
development of a particular control circuit component, and verified by a third party; such test data in turn may be made available by
that component manufacturer to the system isolation equipment manufacturer. Such data could be suitable for the analysis (Clause
8.3.8) of that particular control component application to the system isolation equipment design.

5.1.2.2 The effects of switching over-voltage and inrush current within the system isolation equipments'
control circuits shall be addressed in the design to match the chosen components to the application.

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

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

a) In order for the system isolation equipment to achieve the required safety performance, the
system isolation equipment shall be designed so that:

1) A single fault in any of the safety-related parts does not lead to a loss of the safety
function; and
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2) The single fault is detected at or before the next demand upon the safety functions, such
as immediately, at switch-on, or at end of a machine operating cycle. If this detection is not
possible, then an accumulation of faults shall not lead to a loss of the safety function.

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
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 over-voltage conditions are also described in the Standard for Safety of Machinery – Electrical Equipment of Machines
– Part 1: General Requirements, IEC 60204-1, Clause 4.4.2, Electromagnetic compatibility (EMC), including Notes 1 and 2.

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

a) Rated operational voltage (Ue): Clause 4.3.1.1 of the Standard for Low-Voltage Switchgear and
Controlgear – Part 1: General Rules, UL 60947-1, applies with the following additions. For three
phase circuits, Ue is stated as rms voltage between phases;

b) Rated insulation voltage (Ui): Clause 4.3.1.2 of the Standard for Low-Voltage Switchgear and
Controlgear – Part 1: General Rules, UL 60947-1, applies. Power switching elements for which the
manufacturer has not declared a value or Uimp (Clause 4.3.1.3 of the Standard for Low-Voltage
Switchgear and Controlgear – Part 1: General Rules, UL 60947-1) the rated insulation voltage
would be used to determine the minimum acceptable spacing to non arcing parts (Clause 8.1.3 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).

c) For an isolation contactor, the spacing across the gap between the switch’s separable contacts
of the same pole when in the open position is evaluated according to Clause 8.2.6.1.

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

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

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

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

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

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

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

Note 1 – For a 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 –
Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, and comply with the appropriate corresponding requirements in
that publication.

5.1.3.6 Conventional operational performance of switching elements for the rated operational current
shall comply with the requirements given in Clauses 8.3.4.2.1 – 8.3.4.2.3 and Table 8.5, Table 8.6, Table
8.7, and Table 8.8 corresponding to the assigned utilization category and the requirements according to
the rated operational voltage.

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

5.1.3.8 Utilization categories for switching elements of auxiliary and mirror contacts in the control circuits
as given in Table 5.1 and Table 8.11 are for purposes of evaluating the characteristics of control circuit
devices and switching elements when determining their suitability for a particular system isolation
equipment design.

5.1.3.9 Switching over-voltages: Clause 4.9 of the Standard for Low-Voltage Switchgear and Controlgear
– Part 1: General Rules, UL 60947-1, applies.

5.2 Electromechanical isolating contactor(s)

5.2.1 General

5.2.1.1 The electromechanical contactor(s) in the system isolation equipment that isolate the connected
equipment shall meet the requirements in the Standard for Low-Voltage Switchgear and Controlgear –
Part 4-1A: Contactors and Motor-Starters – Electromechanical Contactors and Motor-Starters, UL 60947-
4-1A, with the following supplements and additions:

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

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

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

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

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

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

2) A method to prove a component’s capability to function during and after repetitive bumps encountered in service
may be found in test Eb in the Standard for Environmental Testing – Part 2: Tests – Test Eb and Guidance: Bump,
IEC 60068-2-29.

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

e) The contactors shall be rated to interrupt the full load current and overload (including locked
rotor) current of the connected equipment.

5.2.2 Auxiliary and mirror contacts

5.2.2.1 Mirror contacts shall be used on each isolation contactor to indicate when the contactor's main
contacts have reached the minimum parting distance to fulfill the isolation requirements in Clause 8.2.6.1.
The mirror contacts relationship to the contactor main contacts must account for the failure modes of the
contactor assembly in a way to prevent false positive indications by the mirror contacts.

Note – For more information, see the Standard for Low-voltage switchgear and controlgear – Part 4-1: Contactors and motor-starters
– Electromechanical contactors and motor-starters, IEC 60947-4-1, Annex F, Requirements for auxiliary contact linked with power
contact (mirror contact). One contactor may be required to have more than one mirror contact to detect proper operation of the
contactor. The physical arrangement and number of auxiliary contacts required for verification of isolation is dependent on the
construction of the isolation contactor and the mechanical connection to the mirror contacts. One example of a failure mode would be
when the welding of only one power contact (phase A) would hold the contactor's mechanical connection to the mirror contact in a
way that the faulted condition might not be detected by the mirror contact monitoring the phase C side.

5.3 Connections to internal control circuits

5.3.1 Internal control power sources

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

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

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

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

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

b) Use of protective devices in the control circuit that will limit the isolating control transformer fault
current to levels that are not damaging.

c) Use of a current limiting isolating power supply.

Note – An appropriate way to meet the requirements in this Clause, if a control power isolation transformer is to be 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.

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 tamper indication seal.

5.3.2 Isolated control circuit output

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

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

5.3.3 Isolated control circuit input

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

5.3.3.2 The isolated inputs to the system isolation equipment shall consist of a relay coil or optically-
isolated solid-state devices, and its power shall not be provided from the internal control power source in
Clause 5.3.1.

5.4 Load side power circuit monitoring methods

5.4.1 Voltage sensing method

5.4.1.1 Voltage 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 switching thresholds of 15 Vac and 12 Vdc are below the generally accepted lowest steady state touch voltage of 16
Vac or 35 Vdc ripple free in the Standard for Protection against Electric Shock – Common Aspects for Instillation and Equipment, IEC
61140: 2001, Clause 5.15, Limitations of voltage, and the Standard for Extra-low Voltage – Limit values, IEC 61201, Table 1, Limits
for steady state voltage. For more information about touch voltage limits see various parts of the Standard for Electrical installation of
buildings – Part 4-41: Protection for safety – Protection against electric shock, IEC 60364-4-41 or the Standard for Voltage Bands for
Electrical Installations of Buildings, IEC 60449, about voltage bands.

Note 2 – Early conceptual proposals for some versions of devices similar to this system isolation equipment showed the use of sets
of individual relays to perform the voltage sensing function (that particular solution potentially could work with general purpose
industrial relays where the purpose of the device was used only for the prevention of unexpected start-up of a machine but it could
not be used for the isolation function described in this document). While it may be possible to find a set or combination of relays that
will function properly at both the operating power voltage and the acceptable touch voltage values needed for isolation applications,
most general purpose industrial relays do not have that broad an operating range (pull-in, hold, drop-out values).

5.4.1.1.2 The voltage monitoring circuits are connected and self-checked in a manner to assure that the
lack of voltage present, on the connected load bus, is not the result of other reasons such as an open
measuring circuit.

Note – An example solution in a typical design, is the use of double circuiting with a wire-break monitoring function.

5.4.1.1.3 The voltage monitor with its associated circuitry shall provide a status indication of any inability
to perform the voltage monitoring function.

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.
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5.4.2.2 Auxiliary contacts

5.4.2.2.1 Auxiliary contacts shall be provided to indicate when the shorting contactor's main contacts
have reached the closed position, fulfilling the voltage grounding method.

5.5 Lockout station

5.5.1 The system isolation equipment lockout station includes lockout control switch(s) and a verification
light as an assembly. Lockout stations are intended for installation on a machine near points of entry used
by the machine operator for adjustment and maintenance.

Note – The number and placement of the lockout stations is a function of the operation of the machine where the system isolation
equipment is to be employed, and is based on the risk assessment of that machines' particular application.

5.5.2 Lockout switch

5.5.2.1 The lockout switch contacts shall have a direct (positive) opening operation to ensure that all the
normally open contacts are in the open position when the actuator is in the position corresponding to the
open position of the device. See Clause 8.2.6.2.

5.5.2.2 The lockout switch contacts and circuit connections shall not be physically accessible when the
lockout switch is in the open position and the lockout station is locked.

5.5.2.3 The lockout switch actuator shall be black and the locking collar or background shall be yellow. If
the system isolation equipment is designed to be capable of use as an emergency stopping device the
switch actuator shall be red with a yellow locking collar or background.

5.5.2.4 A red lockout switch actuator shall not be provided when the system isolation equipment is only
fulfilling a part of an emergency stopping system, see Clause 5.3.3.2.

5.5.2.5 The lockout switch contact set which are used in the verification light circuit shall be 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.

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;
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b) The load side circuit voltage sensing or grounding methods indicate an isolated state; and

c) The local lockout switch is in the open position.

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

5.5.3.4 The verification light shall be green.

Note – The color selected is based on the Standard for Safety of machinery – Indication, marking and actuation – Part 1:
Requirements for visual, auditory and tactile signals, IEC 61310-1, Clause 5.2, Coding of visual signals, Clause 5.2.1, Use of colours,
Table 2, Meaning of colours for coding – General principles, and the same Table 2 in the Standard for Basic and Safety Principles for
Man-Machine Interface, Marking and Identification – Coding Principles for Indicators and Actuators, IEC 60073. The selection is also
consistent with the Electrical Standard for Industrial Machinery, NFPA 79:2012, Table 10.3.2, Machine Indicator Lights and Icons,
where the safety of persons or environment is indicated to be safe by using the color green.

5.6 Configuration requirements

5.6.1 Isolation

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 Figure A.1, Figure A.2, and Figure 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) Power terminals (X1-in and X1-out, see Annex A) external to an enclosure;

c) Control circuit terminals – X01, X02, X1 – X8 (see Annex A) external to an enclosure and;

d) When used, pre-wired connectors used for interconnections external to an enclosure.

Electrically isolated input and output terminals – X03 (see Clauses 5.3.2, 5.3.3.1 and Annex A) are not
required to comply with this requirement.

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

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

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

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

5.6.3 Status indication

5.6.3.1 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 equipment requires repair without having to open the unit with a tamper indication as indicated in
Clause 5.6.1.2.2.

Note – The manufacturer may choose to have the system isolation equipment supplied in a modular form that, when faulted, can be
replaced and the faulty unit returned to the manufacturer for repair. Alternately, the manufacture can establish a procedure for the
owners technicians to facilitate repairs inside of modules with tamper indication seals and the subsequent re-sealing of the modules
after repair and testing.

5.6.5 Enclosure construction

5.6.5.1 The system isolation equipment shall be constructed within one or more enclosures in
accordance with Clauses 8.2.9 and 8.2.10.

6 Product Information

6.1 Nature of information

6.1.1 Clause 6.1 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.

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

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

a) Maximum load rating of connected equipment motor current (Iem) (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) Rated impulse withstand voltage for isolation (see Table 9.2).

6.2.2 The complete markings in Clause 6.2.1 shall be placed on the chassis or the enclosure for the
power circuit or the control circuit in an area visible when installed or when access covers or doors are
opened. Other modules of the system isolation equipment as a minimum shall be marked with the data in
Clause 6.1.1(a) and (b) in the Standard for Low-Voltage Switchgear and Controlgear – Part 4-1A:
Contactors and Motor-Starters – Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, and a
reference to the system isolation equipment or installation instructions that specifies its use.

6.2.3 If interconnection cables between the system isolation equipment respective enclosures are
provided they shall have a unique identification that will set them apart from the machines’ other cable
systems. For example, cord/cable connections systems, and cable labels, would include indicating
methods that identify they are only to be used to interconnect the system isolation equipment.

6.3 Instructions for installation, operation and maintenance

6.3.1 Clause 6.3 of the Standard for Low-Voltage Switchgear and Controlgear – Part 4-1A: Contactors
and Motor-Starters – Electromechanical Contactors and Motor-Starters, UL 60947-4-1A, applies. The
manufacturer shall also provide the necessary mounting and wiring instructions and include any special
measures that need to be taken to achieve compliance with EMC immunity or emission requirements. See
Clause 8.4.

6.3.2 If the inter-connection cables are not provided, the manufacturer of the system isolation equipment
shall specify the necessary way of installing, identification and protection (see Clause 5.1.2.4) in order to
complete the installation of the system isolation equipment.

6.3.3 When provided, an isolated output circuit is to be identified for use as an interlock to prohibit the
activation of the start control function for the connected equipment where the system isolation equipment
is employed. The interlocks used shall be explained in the application instructions. When an isolated
output is not provided, the need for the machine control voltage to be sourced from 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.

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

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

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

7 Normal Service, Mounting and Transport Conditions

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

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

8 Construction and performance requirements

8.1 General

8.1.1 Clause 8 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.

8.2 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 insulation voltage.

8.2.1.2 A lockout switch actuator:

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

b) Made of or covered by insulating material, any internal metal part, which might become
accessible in the event of insulation failure, shall also be insulated from live parts for the rated
insulation voltage.

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 the switch due to environmental tests associated with the enclosure rating; e.g. push-buttons
and rotary switches to be used with enclosures complying with degrees of protection IPX5 or IPX6 shall
not become actuated when hit by the jet of water applied during the test of the enclosed equipment.
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8.2.4 Limitation of rotation

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

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

8.2.5.1 Indication of the position of the lockout switch

8.2.5.1.1 The indication of the closed and open positions of the lockout switch shall be unambiguous and
clearly indicated. This is done by means of position-indication on the lockout switch (position-indicating
device is part of a mechanical switching device which indicates whether it is in the open or closed
position).

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

8.2.5.2 Indication by the lockout switch actuator

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

8.2.5.3 Indication of open position of contacts of isolation contactor

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

8.2.6 Requirements for equipment with isolating function

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