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This edition of NFPA 79, Electrical Standard for Industry Machinery, was prepared by the
Technical Committee on Electrical Equipment of Industrial Machinery, and acted on by
NFPA at its June Association Technical Meeting held June 4-8, 2006, in Orlando, FL. It was
issued by the Standards Council on July 28, 2006, with an effective date of August 17, 2006,
and supersedes all previous editions.

This edition of NFPA 79 was approved as an American National Standard on August 17, 2006.

Origin and Development of NFPA 79

This standard was first submitted at the 1961 NFPA Annual Meeting under the title Electrical
Standard for Machine Tools and was tentatively adopted subjcct to comments. It was extensively
revised and resubmitted at the 1962 Annual \{ccung, where it was officially adopted. In 1965 a
revised edition was adopted, reconfirmed in 1969, and in 1970, 1971, 1973, 1974, 1977, 1980,
1985, 1987, 1991, 1994, 1997, and 2002, revised editions were adopted.

In September 1941, the metalworking machine tool industry wrote its first electrical stan-
dard to make machine tools safer to operate, more productive, and less costly to maintain,
and to improve the quality and performance of their electrical components. That particular
standard served as an American “War Standard.”

To study the special electrical problems involved with machine tools, in 1941 the Electrical
Section of the National Fire Protection Association sanctioned a Special Subcommittee on
Wiring, Overcurrent Protection, and Control of Motor-Operated Machine Tools. This Sub-
committee, cooperating with machine tool builders, manufacturers of control equipment,
and Underwriters Laboratories Inc., conducted tests and imcslig’alcd the peculiar conditions
involved with machine tools that might warrant exception to certain spcclﬁc National Electrical
Codé® requirements. This investigation resulted, on August 4, 1942, in a Tentative Interim
Amendment and first appeared in a 1943 supplement to the 1940 edition of the National
Electrical Code as Article 670, “Machine Tools.” It remained essentially unchanged through the
1959 edition.

Meanwhile, manufacturers of other types of industrial equipment erroneously began to
follow the specialized practices permitted by Article 670. Late in 1952, a Technical Subcom-
mittee on Fundamentals of Electrically Operated Production Machinery and Material Han-
dling and Processing Equipment for Fixed Locations was organized to attempt to group the
special requirements of this broad field into one article. The extremely broad scope intro-
duced so many problems that, in December 1956, this Technical Subcommittee was reorga-
nized into an NFPA Committee whose scope was limited to machine tools and whose objective
was the preparation of this NFPA standard with corresponding revisions in Article 670 in the
National Electrical Code.

Modern machine tool electrical equipment may vary from that of single-motor machines,
such as drill presses, that perform simple, repetitive operations, to that of very large, multimo-
tored automatic machines that involve highly complex electrical control systems, including
electronic and solid-state devices and equipment. Generally these machines are specially
designed, factory wired, and tested by the builder and then erected in the plant in which they
will be used. Because of their importance to plant production and their usually high cost, they
are customarily provided with many safeguards and other devices not often incorporated in
the usual motor and control application as contemplated by the National Electrical Code.
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79-2 INDUSTRIAL MACHINERY

Although these machines may be completely automatic, they are constantly attended, when operating, by highly
skilled operators. The machine usually incorporates many special devices to protect the operator, protect the machine
and building against fires of electrical origin, protect the machine and work in process against damage due to electrical
failures, and protect against loss of production due to failure of a machine component. To provide these safeguards, it
may be preferable to deliberately sacrifice a motor or some other component, rather than to chance injury to the
operator, the work, or the machine. It is because of such considerations that this standard varies from the basic
concepts of motor protection as contained in the National Electrical Code.

As NFPA 79 evolved, it became apparent that certain classes of light industrial machinery (e.g., small drill presses,
bench grinders, sanders, etc.) were not appropriately covered. The 1977 edition of the standard recognized this
problem and purposely excluded tools powered by two horsepower or less.

Subsequent to publication of the 1977 standard, a light industrial machinery standard development activity was
initiated by the Power Tool Institute. The 1985 edition of NFPA 79 reflects this activity, and appropriate requirements
are now included in the standard.

In 1975, the Society of the Plastics Industry requested that this standard be enlarged in scope to include plastics
machinery. A formal request was received by NFPA in September 1978, and, through the combined efforts of the
NFPA 79 committee and representatives of the Society of the Plastics Industry, the scope was broadened to include such
machinery in the 1980 edition.

In June 1981, the Joint Industrial Council (JIC) Board of Directors acknowledged the dated state of the electrical
and electronic standards and requested that NFPA 79 incorporate into its standard the material and topics covered by
the JIC electrical (EMP-1-67, EGP-1-67) and electronic (EL-1-71) standards with the intention that the JIC standards
eventually would be declared superseded. The NFPA Standards Council approved the request with the stipulation that
the material and topics incorporated from the JIC standards be limited to areas related to electrical shock and fire
hazards. The 1985 edition reflected the incorporation of the appropriate material from the JIC electrical (EMP-1-67,
EGP-1-67) standards not previously covered. The 1991, 1994, and 1997 editions included additional references to
international standards and reflected the committee’s efforts in harmonization.

The 2002 edition was a major rewrite and represented a significant and historic effort in harmonizing an existing
NFPA standard with an existing IEC standard. Major changes for this edition included renumbering section and
chapter numbers to align with IEC 60204-1. A new chapter was added to address testing. An informative Annex A was
added to assist the user in understanding the mandatory text portion of the standard. And, a new Annex H was added
to assist the user with cross-references to previous edition section numbers.

To better coordinate its work, this Committee reports to the Association through the Correlating Committee of the
National Electrical Code Committee. The primary reason is to correlate this standard and the National Electrical Code,
especially with respect to Article 670 thereof.

The 2007 edition continues to be aligned with IEC 60204-1. Because so much electrical equipment today contains
both electrical and electronic equipment, Chapter 11, Electronic Equipment, was deleted and any sections that re-
mained applicable were dispersed to the appropriate chapters. The deletion of Chapter 11 caused all chapters after
Chapter 11 to be renumbered to one less than in previous editions. A new Chapter 19, entitled “Servo Drives and
Motors,” has been added to the end of the standard. This new chapter begins to address some of the user concerns that
are arising as servo drives and servo motors are integrated into industrial machinery. Other changes include further
defining of cables and cords, clarifying emergency stop functions, permitting system isolation equipment, clarifying
short-circuit current markings, and refining requirements associated with software- and firmware-based control sys-
tems performing safety-related functions.

As always, users of this standard are encouraged to send in proposals to improve the standard as we go forward with
our new 2007 edition of Electrical Standard for Industrial Machinery.

m 2007 Edition
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woodworking machinery, plastics machinery and mass production equipment, not portable by hand. Reports
to the Association through the Technical Correlating Committee of the National Electrical Code Committee.
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2.3.4 IEEE Publications. Institute of Electrical and Electron-
ics Engineers, Three Park Avenue, 17th Floor, New York, NY
10016-5997.

IEEE 315/315A, Graphical Symbols for Electrical and Electronics
Diagrams (Including Reference Designation Letters), 1993.

2.3.5 NEMA Publications. National Electrical Manufacturers
Association, 1300 N. 17th Street, Suite 1847, Rosslyn, VA 22209.

NEMA ICS 2, Industrial Control and Systems: Controllers, Con-
tactors, and Overload Relays Rated 600 Volts, 2000 (R2004).

NEMA MG-1, Motors and Generators, 2003.

NEMA 250, Enclosures for Electrical Equipment (1000 Volts
Maximum), 2003.

2.3.6 UL Publications. Underwriters Laboratories Inc., 333
Pfingsten Road, Northbrook, IL 60062-2096.

UL 50, Standard for Enclosures for Electrical Equipment, 2003.
UL 508, Standard for Industrial Control Equipment, 2005.
UL 508A, Standard for Industrial Control Panels, 2001.

UL 870, Standard for Wireways, Auxiliary Gutters and Associated
Fittings, 1995.

UL 1063, Standard for Machine-Tool Wires and Cables, 1998.

2.3.7 US. Gover Publi
Printing Office, Washington, DC 20402.

Title 29, Code of Federal Regulations, Part 1910.331-335,
“Safety-Related Work Practices.”

2.3.8 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.
2.4 References for Extracts in Mandatory Sections.

NFPA 70, National Electrical Code®, 2005 edition.

NFPA 70E, Standard for Electrical Safety in the Workplace, 2004
edition.

U.S. Government

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall
be defined using their ordinarily accepted meanings within
the context in which they are used. Merviam-Webster's Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2% Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3 Labeled. Equipment or materials to which has been at-
tached a label, symbol, or other identifying mark of an organiza-
tion that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic in-
spection of production of labeled equipment or materials, and

by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.

3.2.4* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards or has been tested and found suitable for a specified
purpose.

3.2.5 Shall. Indicates a mandatory requirement.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.3 General Definitions.

3.3.1 Accessible (as applied to equip ). Admitting close
approach; not guarded by locked doors, elevation, or other
effective means. [70:100]

3.3.2 Accessible, Readily (Readily Accessible). Capable of be-
ing reached quickly for operation, renewal, or inspections,
without requiring those to whom ready access is requisite to
climb over or remove obstacles or to resort to portable lad-
ders, and so forth. [70:100]

3.3.3* Actuator. The part of the actuating system to which an
external actuating force is applied.

3.3.3.1 Actuator, Machine. A power mechanism used to ef-
fect motion of the machine.

3.3.4* Adjustable Speed Drive. A combination of the power
converter, motor, and motor mounted auxiliary devices such
as encoders, tachometers, thermal switches and detectors, air
blowers, heaters, and vibration sensors. [70:430.2]

3.3.5* Ambient Temperature. The temperature of the air or
other medium where the equipment is to be used.

3.3.6 Ampacity. The current, in amperes, that a conductor
can carry continuously under the conditions of use without
exceeding its temperature rating. [70:100]

3.3.7* Attachment Plug (Plug Cap) (Plug). A device that, by

insertion in a receptacle, establishes a connection between the
conductors of the attached flexible cord and the conductors
connected permanently to the receptacle. [70:100]

3.3.8 Barrier. A physical obstruction that is intended to pre-
vent contact with equipment or live parts or to prevent unau-
thorized access to a work area. [70E:100]

3.3.9* Bonding (Bonded). The permanent joining of metallic
parts to form an electrically conductive path that ensures elec-
trical continuity and the capacity to conduct safely any current
likely to be imposed. [70:100]

3.3.10 Branch Circuit. The circuit conductors between the fi-
nal overcurrent device protecting the circuit and the outlet(s).
[70:100]

3.3.11* Cable. A combination of conductors insulated from
one another with a common covering that is not a cord or
Type AWM Appliance Wiring Material.

3.3.11.1* Cable with Flexible Properties. A cable or special
cable that is malleable but without flexing or constant flex-
ing properties.
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3.3.35 Electromechanical. Any device in which electrical en-
ergy is used to magnetically cause mechanical movement.

3.3.36 Electronic Equipment. That part of electrical equip-
ment containing circuitry mainly based on electronic devices
and components.

3.3.37 Emergency Switching Off. An emergency operation in-
tended to switch off the supply of the electrical energy to all or
part of an installation.

3.3.38 Enabling Device. Manually operated control device
used in conjunction with a start control, when continuously
actuated, will allow a machine to function.

3.3.39 Enclosure. The case or housing of apparatus, or the
fence or walls surrounding an installation to prevent person-
nel from accidentally contacting energized parts or to protect
the equipment from physical damage. [70:100]

3.3.40 Energized. Electrically connected to, or is, a source of
voltage. [70:100]

3.3.41 Equipment. A general term including material, fit-
tings, devices, appliances, luminaires (fixtures), apparatus,
and the like used as a part of, or in connection with, an elec-
trical installation. [70:100]

3.3.42 Exposed (as applied to live parts). Capable of being
inadvertently touched or approached nearer than a safe dis-
tance by a person. It is applied to parts not suitably guarded,
isolated, or insulated. [70:100]

3.3.43* Failure (of equipment). The termination of the ability
of an item to perform a required function.

3.3.44* Fault. The state of an item characterized by inability
to perform a required function, excluding the inability, dur-
ing preventive maintenance or other planned actions, or due
to lack of external resources.

3.3.45 Feeder. All circuit conductors between the service
equipment, the source of a separately derived system, or other
power supply source and the final branch-circuit overcurrent
device. [70:100]

3.3.46 Flame Retardant. So constructed or treated that it will
not support flame.

3.3.47 Ground. A conducting connection, whether inten-
tional or accidental, between an electrical circuit or equip-
ment and the earth, or to some conducting body that serves in
place of the earth. [70:100]

3.3.48 Grounded. Connected to earth or to some conducting
body that serves in place of the earth. [70:100]

3.3.49 Grounded Conductor. A system or circuit conductor
that is intentionally grounded. [70:100]

3.3.50 Grounding Conductor. A conductor used to connect
equipment or the grounded circuit of a wiring system to a
grounding electrode or electrodes. [70:100]

3.3.51 Grounding Conductor, Equipment. The conductor
used to connect the noncurrent-carrying metal parts of equip-
ment, raceways, and other enclosures to the system grounded
conductor, the grounding electrode conductor, or both, at
the service equipment or at the source of a separately derived
system. [70:100]

3.3.52* Guard. Part of a machine specifically used to provide
protection by means of a physical barrier.

3.3.53 Hazard. A source of possible injury or damage to
health.

3.3.54 Hazardous Condition. A circumstance in which a per-
son is exposed to a hazard(s) that has the potential to result in
harm immediately or over a long period of time.

3.3.55* Identified (as applied to equipment). Recognizable as
suitable for the specific purpose, function, use, environment,
application, and so forth, where described in a particular code
or standard requirement. [70:100]

3.3.56 Industrial Machinery (Machine). A power-driven ma-
chine (or a group of machines working together in a coordi-
nated manner), not portable by hand while working, that is
used to process material by cutting; forming; pressure; electri-
cal, thermal, or optical techniques; lamination; or a combina-
tion of these processes. Machine can include associated equip-
ment used to transfer material or tooling, including fixtures,
to assemble/disassemble, to inspect or test, or to package.
[The associated electrical equipment, including the logic con-
troller(s) and associated software or logic together with the
machine actuators and sensors, are considered as part of the
industrial machine.] [70:670.2]

3.3.57 Industrial Manufacturing System. A systematic array of
one or more industrial machines that is not portable by hand
and includes any associated material handling, manipulating,
gauging, measuring, or inspection equipment. [70:670.2]

3.3.58 Input. The terminals where current, voltage, power,
or driving force may be applied to a circuit or device; the state
or sequence of states occurring on a specific input channel; or
the device or collective set of devices used for bringing data
into another device.

3.3.59 Inrush Current (Solenoid). The inrush current of a so-
lenoid is the steady-state current taken from the line at rated
voltage and frequency with the plunger blocked in the rated
maximum open position.

3.3.60 Inrush Locked Rotor Current (Motor). See 3.3.67,
Locked Rotor Current.

3.3.61 In Sight From (Within Sight From, Within Sight). Where
this standard specifies that one equipment shall be “in sight
from,” “within sight from,” or “within sight,” and so forth, of an-
other equipment, the specified equipment is to be visible and not
more than 15 m (50 ft) distant from the other. [70:100]

3.3.62 Interlock (for safeguarding). An arrangement that in-
terconnects guard(s) or device(s) with the control system or
all or part of the electrical energy distributed to the machine.
3.3.63* Interrupting Rating. The highest current at rated volt-

age that a device is intended to interrupt under standard test
conditions. [70:100]

3.3.64 Jogging (Inching). The quickly repeated closure of the
circuit to start a motor from rest for the purpose of accom-
plishing small movements of the driven machine.

3.3.65 Live Parts. Energized conductive components. [70:100]
3.3.66 Location.

3.3.66.1 Dry Location. A location not normally subject to
dampness or wetness. A location classified as dry may be
temporarily subject to dampness or wetness, as in the case
of a building under construction. [70:100]
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8.2.3.2 Removing a device shall not interrupt the continuity
of the equipment grounding (protective) circuit.

8.2.3.3 Bonding of equipment with bolts or other identified
means shall be permitted where paint and dirt are removed
from the joint surfaces or where the bonded members are
effectively penetrated.

8.2.3.4 Moving machine parts, other than accessories or attach-
ments, having metal-to-metal bearing surfaces shall be consid-
ered as bonded. Sliding parts separated by a nonconductive fluid
under pressure shall not be considered as bonded.

8.2.3.5 Raceways, wireways, and cable trays shall not be used
as equipment grounding or bonding conductors.

8.2.3.6 Doors or Covers.

8.2.3.6.1 Where electrical devices are mounted on conductive
doors or covers, an equipment (protective) bonding jumper
shall be installed.

8.2.3.6.2 Where required, an equipment (protective) bond-
ing jumper shall connect the conductive door or cover to the
equipment enclosure or to an equipment grounding (protec-
tive bonding) terminal within the enclosure.

8.2.3.7 Portable, pendant, and resilient-mounted equipment
shall be bonded by separate conductors. Where multiconduc-
tor cable is used, the bonding conductor shall be included as
one conductor of the cable.

8.2.3.8 Where equipment grounding conductors are subject
to physical damage, they shall be protected.

8.2.4* Exclusion of Switching Devices. The equipment ground-
ing (protective bonding) circuit shall not contain any switches or
overcurrent protective devices. Separable connections such as
those provided in drawout equipment or attachment plugs and
mating connectors and receptacles shall provide for first-make,
last-break of the equipment grounding conductor. First-make,
last-break shall not be required where interlocked equipment,
plugs, receptacles, and connectors preclude energization with-
out grounding continuity.

8.2.5 Equipment Grounding (Protective) Conductor Con-
necting Points.

8.2.5.1 All equipment grounding (protective) conductors
shall be terminated in accordance with 13.1.1. The equipment
grounding (protective) conductor connecting points shall
have no other function.

8.2.5.2* The equipment grounding conductor connecting
points, other than the equipment grounding terminal, shall
be identified by the color GREEN, by the bicolor combina-
tion of GREEN-AND-YELLOW, or by use of the symbol in
Figure 8.2.1.3.4.

8.3 Control Circuits. Control circuits shall be permitted to be
grounded or ungrounded. Where grounding is provided, that
side of the circuit common to the coils shall be grounded at
the secondary winding of the control transformer if alternat-
ing current or at the power supply terminal if direct current.

Exception No. 1: Exposed control circuils as permitted by Section 6.4
shall be grounded.

Exception No. 2:  Overload relay contacts shall be permitted to be
connected between the coil and the grounded conductor where the con-
ductors between such contacts and coils of magnetic devices do not
extend beyond the control enclosure.

8.3.1 Ungrounded control circuits shall be provided with an
insulation monitoring device that either indicates a ground
(earth) fault or interrupts the circuit automatically after a
ground (earth) fault.

Exception: Class 2 low-voltage circuits in Article 725 of NFPA 70,
National Electrical Code, shall not require insulation monitoring.

8.4 Lighting Circuits.
8.4.1 One conductor of all machine lighting and mainte-

nance lighting circuits shall be grounded. The grounded con-
ductor(s) shall be identified in accordance with Section 13.2.

8.4.2 Where the lighting circuit is supplied by a separate iso-
lation transformer, one terminal of the secondary of the trans-
former shall be directly connected to the equipment ground-
ing (protective bonding) circuit.

8.4.3 The grounded conductor, where run to a screw-shell
lampholder, shall be connected to the screw-shell.

Chapter 9  Control Circuits and Control Functions

9.1 Control Circuits.
9.1.1 Control Circuit Supply.

9.1.1.1 Where control circuits are supplied from an ac
source, control transformers shall be used for supplying the
control circuits. Control circuits shall not be derived from
autotransformers. Control circuits supplied from windings
of multiwinding power transformers shall be permitted if the
output voltage of the winding supplying the control circuit does
not exceed 120 volts ac and the available short-circuit current
does not exceed 1000 amperes rms.

9.1.1.2 Where dc control circuits are connected to the equip-
ment grounding (protective bonding) circuit, they shall be
supplied from a separate winding of the ac control circuit
transformer or by another control circuit transformer or a
listed dc power supply.

9.1.1.3 Transformers shall not be required if the supply volt-
age does not exceed 120 volts ac and the available short-circuit
current does not exceed 1000 amperes rms.

9.1.1.4 The source of supply for all control circuits shall be
taken from the load side of the supply disconnecting means.

Exception:  The power supply circuit to memory elements and their
support logic requiring power at all times to maintain the storage of
information shall be permitted to be taken from the line side of the
supply disconnecting means or other power source.

9.1.1.5 The marking requirements of 16.2.4 shall apply.
9.1.2 Control Circuit Voltages.

9.1.2.1 AC Control Circuit Voltages. The ac voltage for con-
trol circuits shall not exceed 120 volts, ac single phase.

Exception No. 1: Other voltages shall be permitted, where necessary,
Jfor the operation of electronic, precision, static, or similar devices used
in the control circuit.

Exception No. 2: Any electromechanical magnetic device having an
inrush current exceeding 20 amperes at 120 volts shall be permitted to
be energized above control voltage through contactor or relay contacts.
The contactor or relay contacts shall break both sides of the circuit
powering the magnetic device. The relay coil shall be connected to the
control circuit.
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9.1.2.2 DC Control Circuit Voltages. DC control voltage shall
be 250 volts or less.

9.1.3 Protection. Control circuits shall be provided with over-
current protection in accordance with Chapter 7.

9.1.4 Connection of Control Circuit Devices.

9.1.4.1 All operating coils of electromechanical magnetic de-
vices and indicator lamps (or transformer primary windings
for indicator lamps) shall be directly connected to the same
side of the control circuit. All control circuit contacts shall be
connected between the coil and the other side of the control
circuit.

Exception No. 1: Ouverload relay contacts where the wiring to these
contacts does not extend beyond the control enclosure.

Exception No. 2: Contacts of multipole control circuit switching de-
vices that simultaneously open both sides of the control circuil.

Exception No. 3:  Ground test swilching device contacts in ungrounded
control circuits.

Exception No. 4:  Solenoid lest switching device contacts in ungrounded
circuis.
Exception No. 5:  Coils or conlacts used in electronic control circuits
where the wiring to these coils or contacts does not extend beyond the
control enclosure.

“Run” pushb

Exception No. 6: P , such
as for presses having ground delection circuils and overcurrent protec-
tion in each conductor.

two-h A of
or pe

9.1.4.2 Contacts shall not be connected in parallel where the
purpose is to increase ampacity.

9.2* Control Functions.

9.2.1 Start Functions. Start functions shall operate by energiz-
ing the relevant circuit.

9.2.2 Stop Functions. The three categories of stop functions
shall be as follows:

(1) Category 0 is an uncontrolled stop by immediately remov-
ing power to the machine actuators.

(2) Category 1 is a controlled stop with power to the machine
actuators available to achieve the stop then remove power
when the stop is achieved.

(3) Category 2 is a controlled stop with power left available to
the machine actuators.

9.2.3 Operating Modes.

9.2.3.1 Each machine shall be permitted to have one or more
operating modes (e.g., automatic, manual, normal, and bypass)
determined by the type of machine and its application.

9.2.3.2 Where a hazardous condition results from mode se-
lection, inadvertent selection shall be prevented from occur-
ring (e.g., key-operated switch, access code). Mode selection
by itself shall not initiate machine operation. A separate action
by the operator shall be required.

9.2.3.3* Safeguarding means shall remain effective for all op-
erating modes.

9.2.3.4 Indication of the selected operating mode shall be
provided (e.g., position of mode selector, provision of indicat-
ing light, visual display indication).

9.2.4 Overriding Safeguards. Where it is necessary to tempo-
rarily override one or more safeguards, a mode selection device

m 2007 Edition

or means capable of being secured (e.g., locked) in the desired
mode shall be provided to prevent automatic operation. The
control circuit for the suspension of a safeguard shall have the
same safety requirements as the suspended safeguard itself. In
addition, one or more of the following measures shall be pro-
vided:

(1) Initiation of motion by a hold-to-run or other control device.

(2) A portable control station (e.g., pendant) with an emer-
gency stop device, and where used, an enabling device.
Where a portable station is used, motion shall only be
initiated from that station.

(3) Limiting the speed or the power of motion.

(4) Limiting the range of motion.

9.2.5 Operation.
9.2.5.1 General.

9.2.5.1.1 The necessary interlocks shall be provided for safe
operation.

9.2.5.1.2 Measures shall be taken to prevent movement of the
machine in an unintended manner after any stopping of the
machine (e.g., locked-off condition, power supply fault, bat-
tery replacement, lost signal condition with cableless control).

9.2.5.2 Start.

9.2.5.2.1 The start of an operation shall be possible only
where all of the safeguards are in place and functional except
for conditions as described in 9.2.4.

9.2.5.2.2 On those machines where safeguards cannot be ap-
plied for certain operations, manual control of such opera-
tions shall be by hold-to-run controls together with enabling
control, where appropriate.

9.2.5.2.3 Interlocks shall be provided to ensure correct se-
quential starting.

9.2.5.2.4 On machines requiring the use of more than one
control station to initiate a start, the following criteria shall
be met:

(1) Each control station shall have a separate manually actu-
ated start control device.

(2) All required conditions for machine operation shall be
met.

(3) All start control devices shall be in the released (off) posi-
tion before a start operation is permitted.

(4) All start control devices shall be actuated concurrently.

9.2.5.3 Stop.

9.2.5.3.1 Each machine shall be equipped with a Category 0
stop.

9.2.5.3.2 Category 0, Category 1, and/or Category 2 stops
shall be provided where indicated by an analysis of the risk
assessment and the functional requirements of the machine.
Category 0 and Category 1 stops shall be operational regard-
less of operating modes, and Category 0 shall take priority.
Stop function shall operate by de-energizing that relevant cir-
cuit and shall override related start functions.

9.2.5.3.3 Where required, provisions to connect protective
devices and interlocks shall be provided. Where applicable,
the stop function shall signal the logic of the control system
that such a condition exists. The reset of the stop function
shall not initiate any hazardous conditions.
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9.2.5.4* Emergency Operations (Emergency Stop, Emergency
Switching Off). Emergency operation requirements are as
follows:

(1) This section specifies the requirements for the emergency
stop and the emergency switching off functions of the
emergency operations listed in Annex E, both of which
are, in this section, initiated by a single human action.
Once active operation of an emergency stop (see Section 10.7)
or emergency switching off (see Section 10.8) actuator has
ceased following a command, the effect of this command
shall be sustained until it is reset. This reset shall be possible
only at that location where the command has been initiated.
The reset of the command shall not restart the machinery
but only permit restarting.

It shall not be possible to restart the machinery until all
emergency stop commands have been reset. It shall not
be possible to reenergize the machinery until all emer-
gency switching off commands have been reset.

2

-~

(3

9.2.5.4.1 Emergency Stop. Emergency stop functions pro-
vided in accordance with 9.2.5.3 shall be designed to be initi-
ated by a single human action.

9.2.5.4.1.1 In addition to the requirements for stop, the
emergency stop shall have the following requirements:

(1) It shall override all other functions and operations in all
modes.

Power to the machine actuators, which causes a hazard-
ous condition(s), shall be removed as quickly as possible
without creating other hazards (e.g., by the provision of
mechanical means of stopping requiring no external
power, by reverse current braking for a Category 1 stop).
(3) The reset of the command shall not restart the machinery

but only permit restarting.

(2

-~

9.2.5.4.1.2 Where required, provisions to connect additional
emergency stop devices shall be provided in accordance with
Section 10.7.

9.2.5.4.1.3 The emergency stop shall function as either a Cat-
egory 0 or a Category 1 stop (see 9.2.2). The choice of the
category of the emergency stop shall be determined by the risk
assessment of the machine.

9.2.5.4.1.4* Where a Category 0 or Category 1 stop is used for
the emergency stop function, it shall have a circuitry design
(including sensors, logic, and actuators) according to the rel-
evant risk as required by Section 4.1 and 9.4.1. Final removal
of power to the machine actuators shall be ensured and shall
be by means of electromechanical components. Where relays
are used to accomplish a Category 0 emergency stop function,
they shall be nonretentive relays.

Exception:  Drives, or solid state output devices, designed for safety-
related functions shall be allowed to be the final switching element,
when designed according to relevant safety standards.

9.2.5.4.2 Emergency Switching Off. Where the emergency
switching off function is used, it shall be initiated by a single
human action.

9.2.5.4.2.1 Emergency switching off shall be permitted as
follows:

(1) Where protection against direct contact (e.g., with collec-
tor wires, collector bars, slip-ring assemblies, control gear
in electrical operating areas) is achieved only by placing
out of reach or by obstacles

(2) Where other hazards or damage caused by electricity are
possible

9.2.5.4.2.2 Emergency switching off shall be accomplished by
disconnecting the incoming supply circuit of the machine ef-
fecting a Category 0 stop. Where the machine cannot tolerate
the Category 0 stop, it shall be necessary to provide other pro-
tection (e.g., against direct contact), so that emergency switch-
ing off is not necessary.

9.2.5.5 Hold-to-Run Controls.

9.2.5.5.1 Hold-to-run controls (e.g., jog, inch functions) shall
require continuous actuation of the control device(s) to achieve
operation.

9.2.5.5.2 Jog or inch functions shall operate only in the
manual mode. Manual reverse shall be considered a jog func-
tion. The prevention of run or automatic operation during jog
or inch shall be accomplished by an operator interface and a
separate jog or inch selection method.

9.2.5.6 Two-Hand Control. All two-hand controls shall have
the following features:

(1) The provision of two control devices shall require the con-

current actuation by both hands.

It shall be necessary to actuate the control devices within a

certain time limit of each other, not exceeding 0.5 seconds.

(3) Where this time limit is exceeded, both control devices
shall be released before operation is initiated.

(4) The control devices shall require continuous actuation
during the hazardous conditions.

(5) Machine operation shall cease upon the release of either

control device when hazardous conditions are still present.

Machine operation shall require the release of both con-

trol devices, before the machine operation is reinitiated.

(See Annex B.)

9.2.5.7 Enabling Control.

9.2.5.7.1 An enabling control function incorporating the use
of an enabling device shall, when activated, allow machine
operation to be initiated by a separate start control and, when
deactivated, stop the machine and prevent initiation of ma-
chine operation. An enabling device provided as a part of the
enabling control function shall be designed to allow motion
when actuated in one position only. In any other position,
motion shall be inhibited.

(2

~

)

(6

N

9.2.5.7.2 Enabling controls shall have the following features:

(1) Connect to a Category 0 or a Category 1 stop (see 9.2.2)

(2) Design follows ergonomic principles

(3) For two-position types, the positions are as follows:

(a) Position 1 is the off function of the switch (actuator is
not operated).

(b) Position 2 is the enabling function (actuator is
operated).

For three-position types, the positions are as follows:

(a) Position 1 is the off function of the switch (actuator is
not operated).

(b) Position 2 is the enabling function (actuator is oper-
ated in its mid position).

(c) Position 3 is the off function of the switch (actuator is
operated past its mid position).

A three-position enabling control shall require manual

operation to reach Position 3. When returning from Posi-

tion 3 to Position 2, the function shall not be enabled.

(4

=

(5

-
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9.2.5.7.3 An enabling control shall automatically return to its
off function when its actuator is not manually held in the en-
abling position.

9.2.6 Combined Start and Stop Controls. A single pushbutton
and other devices that alternately start and stop motion shall
only be used for secondary functions where no hazardous con-
dition arises when they are operated.

9.2.7 Cableless Control Functions.

9.2.7.1* General. Cableless control (e.g., radio, infrared)
techniques for transmitting commands and signals between a
machine control system and operator control station(s) shall
meet the requirements of this clause.

9.2.7.1.1 Means shall be provided to remove or disconnect
the power supply of the operator control station.

9.2.7.1.2 Means (e.g., key-operated switch, access code) shall
be provided, as necessary, to prevent unauthorized use of the
operator control station.

9.2.7.1.3 Each operator control station shall carry an unam-
biguous indication of which machine(s) is intended to be con-
trolled by that operator control station.

9.2.7.2 Control Limitation.

9.2.7.2.1 Measures shall be taken to ensure that control com-
mands affect only the following:

(1) The intended machine
(2) The intended functions

9.2.7.2.2 Measures shall be taken to prevent the machine
from responding to signals other than those from the in-
tended operator control station(s).

9.2.7.2.3 Means shall be provided so that the machine shall
only be controlled from operator control stations in one or
more predetermined zones or locations.

9.2.7.3 Stop Function.

9.2.7.3.1 Operator control stations shall include a separate
and clearly identifiable means to initiate the stop function of
the machine or of all the motions that causes a hazardous
condition. The actuating means to initiate this stop function
shall not be marked or labeled as an emergency stop device,
even though the stop function initiated on the machine re-
sults in an emergency stop function.

9.2.7.3.2 A machine that has safety critical functions that are
equipped with cableless control shall have a means of auto-
matically initiating the stopping of the machine and prevent-
ing the initiation of potentially hazardous motions in the fol-
lowing situations:

(1) When a stop signal is received

(2) When a fault is detected in the cableless control

(3)*When a valid signal has not been detected within a speci-
fied period of time

9.2.7.4* Serial Data Communication. In a machine where the
control of safety critical functions relies on serial data transfer,
correct communications shall be ensured by using an error
detection method that is able to cope with up to three error
bits in any command sequence. The safety capability of the
serial data communication system shall be listed to have the
same degree of safety capability as hardware-based compo-
nents installed in accordance with this standard.
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9.2.7.5 Use of More Than One Operator Control Station.
Where a machine has more than one operator control station,
measures shall be taken to ensure that only one control station
shall be enabled at a given time. Indication of which operator
control station is in control of the machine shall be provided
at locations where necessary for the safety requirements of the
machine.

Exception: A stop command from any one of the control stations shall
be effective where necessary for the safety requirements of the machine.

9.2.7.6 Battery-Powered Operator Control Stations. A varia-
tion in the battery voltage shall not cause a hazardous condi-
tion. If one or more potentially hazardous motions are con-
trolled using a battery-powered operator control station, a
clear indication shall be given to warn the operator when a
variation in battery voltage exceeds specified limits. Under
those circumstances, the operator control station shall remain
functional long enough to put the machine into a nonhazard-
ous condition.

9.2.8* M ing of C d Actions. Movement or action
of a machine or part of a machine that can result in a hazard-
ous condition shall be monitored by providing, for example,
overtravel limiters, motor overspeed detection, mechanical
overload detection, or anti-collision devices.

9.3 Protective Interlocks.

9.3.1 Reclosing or Resetting of an Interlocking Safeguard.
The reclosing or resetting of an interlocking safeguard shall
not initiate machine motion or operation that results in a haz-
ardous condition.

9.3.2 Exceeding Operating Limits. Where an operating limit
(e.g., speed, pressure, position) can be exceeded leading to a
hazardous condition, means shall be provided to detect when
a predetermined limit(s) is exceeded and initiate an appropri-
ate control action.

9.3.3 Operation of Auxiliary Functions.

9.3.3.1 Appropriate devices (e.g., pressure sensors) shall
check the correct operation of the auxiliary functions.

9.3.3.2 Where the nonoperation of a motor or device for an
auxiliary function (e.g., lubrication, coolant, swarf removal)
causes a hazardous condition or causes damage to the machine
or to the work in progress, interlocking shall be provided.

9.3.4 Interlocks Between Different Operations and for Con-
trary Motions.

9.3.4.1 All contactors, relays, and other control devices that
control elements of the machine that cause a hazardous condi-
tion when actuated at the same time (e.g., those that initiate con-
trary motion) shall be interlocked against incorrect operation.

9.3.4.2 Motor contactors and starters that initiate opposing
motion shall be both mechanically and electrically interlocked
to prevent simultaneous operation. Relays and solenoids that
are mechanically interlocked shall be electrically interlocked.

9.3.4.3 Where certain functions on the machine are required
to be interrelated for safeguarding or for continuous opera-
tion, their coordination shall be ensured by interlocks. For a
group of machines working together in a coordinated manner
and having more than one controller, provision shall be made
to coordinate the operations of the controllers as necessary.
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9.3.4.4 Where a failure of a mechanical brake actuator results
in the brake being applied when the associated machine ac-
tuator is energized and a hazardous situation results, inter-
locks shall be provided to switch off the machine actuator.

9.3.5 Reverse Current Braking.

9.3.5.1 Where reverse current braking is used on a motor,
effective measures shall be taken to prevent the motor starting
in the opposite direction at the end of braking where this
reversal will cause a hazardous condition or damage to the
machine or to the work in progress. For this purpose, the use
of a device operating exclusively as a function of time shall not
be allowed.

9.3.5.2 Control circuits shall be arranged so that rotation of a
motor shaft, manually or otherwise, shall not result in a haz-
ardous condition.

9.3.6 Protective Interlock. Where doors or guards have inter-
locked switches used in circuits with safety related functions,
the interlocking devices shall be listed, have either positive
(direct) opening operation, or provide similar reliability and
prevent the operation of the equipment when the doors or
guards are open (difficult to defeat or bypass).

9.4 Control Functions in the Event of Failure.

9.4.1* General Requirements. Where failures or disturbances
in the electrical equipment cause a hazardous condition or
damage to the machine or the work in progress, measures
shall be taken to minimize the probability of the occurrence of
such failures or disturbances. The electrical control circuits
shall have an appropriate level of performance that has been
determined from the risk assessment of the machine.

9.4.1.1* Measures to reduce these risks shall include, but are
not limited to, one or more of the following:

(1) Protective devices on the machine (e.g., interlock guards,
trip devices)

(2) Protective interlocking of the electrical circuit

(3) Use of proven circuit techniques and components

(4) Provisions of partial or complete redundancy or diversity

(5) Provision for functional tests

9.4.2 Pr ion Against Uni ded Op
(Earth) Faults and Voltage Interruptions.
9.4.2.1 Ground (Earth) Faults. Ground (earth) faults on any
control circuit shall not cause unintentional starting or po-
tentially hazardous motions, or prevent stopping of the ma-
chine. Grounded control circuits shall be in accordance
with Section 8.2 and Section 8.3. Ungrounded control cir-
cuits shall be provided with an insulation monitoring device
that either indicates a ground (earth) fault or interrupts
the circuit automatically after a ground (earth) fault. A re-
start of the machine with a detected ground (earth) fault
shall be prevented.

9.4.2.2 Voltage Interruptions.
9.4.2.2.1 The requirements detailed in Section 7.5 shall apply.

Due to G d

9.4.2.2.2 Where a memory is used, its functioning in the
event of power failure shall be ensured (e.g., by using a non-
volatile memory) where such loss of memory results in a haz-
ardous condition.

9.4.3* Control Systems Incorporating Software and Firmware
o Based Controllers.

9.4.3.1 Software Modification. Programmable electronic sys-
tems shall be designed and constructed so that the ability to

modify the application program shall be limited to authorized
personnel and shall require special equipment or other
means to access the program (e.g., access code, key-operated
switch).

Exception:  The manufacturer or supplier shall be permitted to retain
the right not to allow the user to alter the program.

9.4.3.2* Memory R and Pr

9.4.3.2.1 Mecans shall be provided to prevent memory alter-
ation by unauthorized persons.

9.4.3.2.2 Loss of memory shall not result in a hazardous
condition.

9.4.3.2.3 Power supplies for electronic equipment requiring
memory retention shall have battery backup of sufficient ca-
pacity to prevent memory loss for a period of at least 72 hours.

9.4.3.3 Software Verification. Equipment using reprogram-
mable logic shall have means for verifying that the software is
in accordance with the relevant program documentation.

9.4.3.4 Use in Safety-Related Functions.

9.4.3.4.1 Software and firmware based controllers to be used
in safety-related functions shall be listed for such use.

9.4.3.4.2 Control systems incorporating software and firm-
ware based controllers performing safety-related functions
shall conform to all of the following:

(1) In the event of any single failure, the failure shall not lead
to the loss of the safety function. Safety function is the
ability to self monitor and stop the application.

(a) Lead to the shutdown of the system in a safe state

(b) Prevent subsequent operation until the component
failure has been corrected

(c) Prevent unintended startup of equipment upon cor-
rection of the failure

(2) Provide protection equivalent to that of control systems
incorporating hardwired/hardware components.
(3) Be designed in conformance with an approved standard

that provides requirements for such systems.

Chapter 10 Operator Interface and Control Devices

10.1 General.

10.1.1* Applicability. This chapter shall contain the require-
ments for devices mounted outside or partially outside control
enclosures.

10.1.2 Location and Mounting.

10.1.2.1 Control Devices. As far as is practicable, control de-
vices shall be as follows:

(1) Readily accessible for service and maintenance
(2) Mounted in such a manner as to minimize the possibility
of damage from activities such as material handling

10.1.2.2 Hand-Operated Control Devices. The actuators of
hand-operated control devices shall be selected and installed
as follows:

(1) They are not less than 0.6 m (2 ft) above the servicing
level and are accessible from the normal working position
of the operator.
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(2) The operator is not placed in a hazardous situation when
operating them.
(3) The possibility of inadvertent operation is minimized.

10.1.3* Protection. Operator interface, control devices, and
enclosures shall be suitable for the environment and shall
withstand the stresses of expected use.

10.1.4 Position Sensors.

10.1.4.1 Position sensors (e.g., limit switches, position switches,
proximity switches) shall be arranged so that they will not be
damaged in the event of overtravel.

10.1.4.2* Position sensors used in circuits with safety-related
control functions either shall have direct opening operation
or shall provide similar reliability.

10.1.5 Portable and Pendant Control S

10.1.5.1 Portable and pendant operator control stations and
their control devices shall be selected and arranged to mini-
mize the possibility of inadvertent machine operations.

10.1.5.2 Pendant control stations that are vertically sus-
pended from overhead shall comply with 13.4.2.4 or 13.5.10.

10.1.6 Operator Interface Devices.
10.1.6.1 Location of Operator Interface Devices.

10.1.6.1.1 Operator interface devices shall be mounted in
locations that will minimize exposure to oil, coolant, and
other contaminants.

10.1.6.1.2 Operator interface devices shall be within normal
reach of the machine operator and shall be placed so that the
operator is not exposed to hazards.

10.1.6.1.3 Operator interface devices shall be located so that
unintentional operation by normal movement of the ma-
chine, operator, or work will be unlikely.

10.1.6.2 Arrangement of Operator Interface Devices. All start
pushbuttons shall be mounted above or to the left of their
associated stop pushbuttons.

Exception No. 1: Start pushbuttons in series, such as operating push-
buttons on punch presses.

Exception No. 2:  Wobble-stick or rod-operated emergency stop push-
buttons mounted in the bottom of pendant stations.

10.1.7 Foot-Operated Switches. Foot-operated switches used
for applications where accidental actuation could create a haz-
ardous situation shall be protected to prevent accidental ac-
tuation by falling or moving objects and from unintended op-
eration by accidental stepping onto the switch.

Exception: Foot-operated switches used for emergency stop in accor-
dance with 10.7.2.1 shall not be of the covered or hooded type.

10.2 Pushbutton Actuators and Color Graphic Interface
Devices.

10.2.1 Pushbutton Actuators. Pushbutton actuators used to
initiate a stop function shall be of the extended operator or
mushroom-head type.

10.2.2 Colors. Pushbutton actuators and action initiating
icons of color graphic interface devices shall be color-coded in
accordance with 10.2.2.1 through 10.2.2.6.
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10.2.2.1 Start or On. The preferred color of start or on shall
be GREEN, except that BLACK, WHITE, or GRAY shall be
permitted. RED shall not be used for start or on.

10.2.2.2 Stop or Off. The preferred color of stop or off shall
be RED, except that BLACK, WHITE, or GRAY shall be permit-
ted. GREEN shall not be used for stop or off.

Exception: Stop function operators of the wobble-stick or rod-operated
types in the bottom of a pendant station need not be colored RED.

10.2.2.3 Emergency Stop. RED shall be used for emergency
stop actuators in accordance with 10.7.3.

10.2.2.4 Alternate Action. Pushbuttons that, when pressed, act
alternately as start and stop or on and off shall be BLACK,
WHITE, or GRAY. RED, YELLOW, or GREEN shall not be used.

10.2.2.5 Abnormal Conditions. The color YELLOW shall be
used for actuators used to respond to abnormal conditions.

10.2.2.6 Hold to Operate. Pushbuttons that cause movement
when pressed and stop movement when they are released
(e.g., jogging) shall be BLACK, WHITE, GRAY, or BLUE with a
preference for BLACK.

10.2.2.7 Reset. Reset pushbuttons shall be BLUE, BLACK,
WHITE, or GRAY except when they also act as a stop or off
button, in which case they shall be RED.

10.2.3 Legends.

10.2.3.1 A legend shall be provided for each operator inter-
face device to identify its function and shall be located so that
it can be easily read by the machine operator from the normal
operator position. The legends shall be durable and suitable
for the operating environment.

Exception: Emergency stop devices require no legend if they meet the
requirements of 10.7.3.

10.2.3.2 For illuminated pushbuttons, the function(s) of the
light is separated from the function(s) of the button by a vir-
gule (/).

10.3 Indicator Lights and Icons of Color Graphic Interface
Devices.

10.3.1 Modes of Use. Indicator lights and icons of color
graphic interface devices shall provide the following informa-
tion:

(1) Indication to attract the operator’s attention or to indi-
cate that a certain task should be performed. The colors
RED, YELLOW (AMBER), GREEN, and BLUE are nor-
mally used in this mode.

(2) Confirmation of a command or a condition, or the termi-
nation of a change or transition period. The colors BLUE
and WHITE are normally used in this mode. GREEN shall
be permitted to be used in some cases.

10.3.2* Colors. Indicator lights and icons of color graphic in-
terface devices shall be color-coded with respect to the condi-
tion (status) of the machine in accordance with Table 10.3.2.
Alternate purposes shall be permitted to indicate machine or
process status.

10.3.3* Flashing Lights. Flashing lights shall be permitted to
be used for any of the following purposes:

(1) Attract attention
(2) Request immediate action
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Table 10.3.2 Machine Indicator Lights and Icons

Purposes
Safety of
Persons or Condition of State of
Color Environment Process Equipment
RED Danger Emergency Faulty
YELLOW Warning/ Abnormal Abnormal
(AMBER) | Caution
GREEN Safe Normal Normal
BLUE Mandatory action
CLEAR No specific meaning assigned
WHITE
GRAY
BLACK

(3) Indicate a discrepancy between the command and actual
states
(4) Indicate a change in process (flashing during transition)

10.4 Iluminated Pushbuttons. [lluminated pushbutton actua-
tors shall be color-coded in accordance with Table 10.3.2. The
color RED for the emergency stop actuator shall not depend
on the illumination source.

10.5 Rotary Control Devices. Devices having a rotational
member, such as potentiometers and selector switches, shall
be mounted in such a way as to prevent rotation of the station-
ary member. Friction alone shall not be relied upon to prevent
rotation.

10.6 Start Devices. Actuators used to initiate a start function
or the movement of machine elements (e.g., slides, spindles,
carriers) shall be constructed and mounted to minimize inad-
vertent operation. Mushroom-type actuators for two-hand
control initiation shall conform to 9.2.5.6.

10.7 Devices for Stop and Emergency Stop.
10.7.1 Location and Operation.

10.7.1.1 Stop and emergency stop pushbuttons shall be con-
tinuously operable and readily accessible.

10.7.1.2 Stop or emergency stop pushbuttons shall be located
at each operator control station and at other locations where
emergency stop is required.

10.7.2 Types.

10.7.2.1 The types of devices for emergency stop shall in-
clude, but are not limited to, the following:

(1) Pushbutton-operated switches in accordance with 10.7.2.2
and 10.7.3

(2) Pull-cord-operated switches

(3) Foot-operated switches without a mechanical guard

(4) Push-bar-operated switches

(5) Rod-operated switches

10.7.2.2* Pushbutton-type devices for emergency stop shall be of
the self-latching type and shall have direct opening operation.

10.7.2.3 Emergency stop switches shall not be flat switches or
graphic representations based on software applications.

10.7.3 Emergency Stop Actuators. Actuators of emergency
stop devices shall be colored RED. The background immedi-
ately around pushbuttons and disconnect switch actuators
used as emergency stop devices shall be colored YELLOW. The
actuator of a pushbutton-operated device shall be of the palm
or mushroom-head type and shall effect an emergency stop
when depressed. The RED/YELLOW color combination shall
be reserved exclusively for emergency stop applications.

Exception:  The RED/YELLOW color combination shall be permitted
Jfor emergency stop actuators in accordance with 10.8.4.

10.7.4 Local Operation of the Supply Disconnecting Means to
Effect Emergency Stop.

10.7.4.1 The supply disconnecting means shall be permitted
to be locally operated to serve the function of emergency stop
as follows:

(1) Where it is readily accessible to the operator
(2) Where it is of the type described in 5.3.2(1), 5.3.2(2), or
5.3.2(3)

10.7.4.2 Where used as an emergency stop, the supply discon-
necting means shall meet the color requirements of 10.7.3.

10.7.4.3 Disconnecting (isolating) electrical devices as de-
scribed in 5.5.4, where accessible to the operator, shall also be
permitted to serve the function of emergency stop.

10.8 Devices for Emergency Switching Off.

10.8.1 Location. Emergency switching off devices as described
in 9.2.5.4.2 shall be located as necessary for the given application.

10.8.2 Types.

10.8.2.1* The types of devices that initiate an emergency
switching off operation shall be permitted to include, but are
not limited to, the following:

(1) Pushbutton-operated switches
(2) Pull-cord-operated switches

10.8.2.2 The pushbutton-operated switch shall be permitted
in a break-glass enclosure.

10.8.2.3 Emergency switching off devices shall not be flat
switches or graphic representations based on software applica-
tions.

10.8.3 Restoration of Normal Fi After Emergency
Switching OfF. It shall not be possible to restore an emergency
switching off circuit until the emergency switching off circuit
has been manually reset.

10.8.4 Actuators.

10.8.4.1 Actuators of emergency switching off devices shall be
colored RED. The background immediately around the de-
vice actuator shall be permitted to be colored YELLOW.

10.8.4.2* Where the emergency switching off initiating device
is separate from the emergency stop device, the emergency
switching off initiating device shall be functionally identified.

10.8.5 Local Operation of the Supply Disconnecting Means to
Effect Emergency Switching Off. Where the supply discon-
necting means is to be locally operated for emergency switch-
ing off, it shall be readily accessible and shall meet the color
requirements of 10.8.4.1.
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10.9* Displays. Displays (e.g., visual display units, alarm an-
nunciators, indicator lights, and the action-initiating icons of
graphic interface devices) shall be selected and installed in
such a manner as to be visible from the normal position of the
operator.

Chapter 11  Control Equipment:
Location, Mounting, and Enclosures

11.1 General Requirements.

11.1.1 All control equipment shall be located and mounted
so as to facilitate the following:

(1) Accessibility and maintenance of the equipment

(2) Protection against the external influences or conditions
under which the equipment is intended to operate

(3) Operation and maintenance of the machine and its asso-
ciated equipment

11.1.2 Minimum control enclosure construction shall comply
with UL 508, UL 508A, UL 50, or NEMA 250 for metallic and
nonmetallic enclosures.

11.1.3 The depth of the enclosure or compartment including
doors or covers shall not be less than the maximum depth of the
enclosed equipment plus the required electrical clearances.

11.1.4 Any door(s) that permits access to live parts operating
at 50 volts ac (rms value) or 60 volts dc or more shall comply
with 6.2.3 or 6.2.4.

11.2 Location and Mounting.
11.2.1 A ibility and Mai

11.2.1.1 All items of control equipment shall be placed and
oriented so that they can be identified without moving them
or the wiring. Where practicable, items that require checking
or adjustment for correct operation or that are liable to need
replacement, those actions shall be possible without disman-
tling other equipment or parts of the machine (except open-
ing doors or removing covers). Terminals not associated with
control equipment shall also conform to these requirements.

11.2.1.2 Terminal blocks shall be mounted to provide unob-
structed access to the terminals and their conductors.

11.2.1.3 Exposed, nonarcing, bare, live parts operating at
50 volts ac (rms value) or 60 volts dc or more within an enclo-
sure or compartment shall have an air space of not less than
13 mm (% in.) between them and the uninsulated walls of the
enclosure or compartment, including conduit fittings. The air
space for uninsulated doors of the enclosure shall be not less
than 25 mm (1 in.). Where barriers between metal enclosures
or compartments and arcing parts are required, they shall be
of flame-retardant, noncarbonizing insulating materials.

11.2.1.4* All control equipment shall be mounted so as to fa-
cilitate its operation and maintenance. Where a special tool is
necessary to remove a device, the tool shall be supplied.

11.2.1.5 Threaded fasteners with machine threads shall be
used to attach components to a subplate and shall provide
sufficient thread engagement to maintain secure mounting.

11.2.1.5.1 Steel subplate thickness shall provide engagement
of at least 2 full threads.
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11.2.1.5.2  Aluminum subplate thickness shall provide en-
gagement of at least 3 full threads.

11.2.1.5.3 Thread cutting or thread forming screws shall be
permitted if the thread engagement requirements of 11.2.1.5.1
and 11.2.1.5.2 are met.

11.2.1.5.4 Sheet metal screws, rivets, welds, solders, or bonding
materials shall not be used to mount components to a subplate.

Exception:  Rivets shall be permitted to be used for attaching mount-
ing rails and wiring channels provided the exposed surface is smooth
and free from any portion of a protruding stud.

11.2.1.6 Swing frames or swing out panels shall be permitted,
provided the swing is more than 110 degrees. Wiring shall not
inhibit swing. Panel-mounted components behind swing
frames shall be accessible when open.

11.2.1.7%* Where control devices are connected through
plug-in arrangements, their association shall be made clear by
type (shape), marking, or reference designation, singly or in
combination.

11.2.1.8 Attachment plugs and receptacles (plug/socket combi-
nations) that are handled during normal operation shall be lo-
cated and mounted so as to provide unobstructed access.

11.2.1.9 Test points, where provided, shall be mounted to
provide unobstructed access, plainly marked to correspond
with markings on the drawings, adequately insulated, and suf-
ficiently spaced for connection of test leads.

11.2.2 Physical Separation or Grouping.

11.2.2.1 Machine compartments containing control equip-
ment shall be completely isolated from coolant and oil reser-
voirs. The compartment shall be readily accessible and com-
pletely enclosed. The compartment shall not be considered
enclosed where it is open to the floor, to the foundation upon
which the machine rests, or to other compartments of the
machine that are not clean and dry.

11.2.2.2 Pipelines, tubing, or devices (e.g., solenoid valves) for
handling air, gases, or liquids shall not be located in enclosures
or compartments containing electrical control equipment.

Exception No. 1: Equipment for cooling electronic devices.
Exception No. 2: Pipelines, tubings, or devices that are an integral
part of listed equifrment and are sep, d by suitable barriers.

11.2.2.3 Control devices mounted within the control enclo-
sure and connected to the supply voltage, or to both supply
and control voltages, shall be grouped separately from those
connected only to the control voltages.

11.2.2.4 Terminals shall be separated into groups for power
circuits, associated control circuits, and other control circuits,
fed from external sources (e.g., for interlocking).

11.2.2.5 Terminal groups for power circuits, associated con-
trol circuits, and other control circuits shall be permitted to be
mounted adjacently, provided that each group is readily iden-
tified (e.g., by markings, by use of different sizes, by use of
barriers, by colors).

11.2.3 Heating Effects. Heat-generating components (e.g.,
heat sinks, power resistors) shall be located so that the tem-
perature of each component in the vicinity remains within the
component manufacturer’s specified limits.
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