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Information on referenced publications can be found in
Chapter 18 and Appendix F.

Preface

In September 1941, the metalworking machine tool
industry wrote its first electrical standard to make machine
tools safer to operate, more productive, less costly to main-
tain, 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 Subcom-
mittee, cooperating with machine tool builders, manufac-
turers of control equipment, and Underwriters Laborato-
ries Inc., conducted tests and investigated the peculiar
conditions involved with machine tools that might warrant
exception to certain specific National Electrical Code®
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 Techni-
cal Subcommittee on Fundamentals of Electrically Oper-
ated Production Machinery and Material Handling 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 reorganized 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, and that of very
large, multimotored automatic machines that involve
highly complex electrical control systems, including elec-

tronic and solid-state devices and equipment. Generally
these machines are especially 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 customar-
ily provided with many safeguards and other devices not
often incorporated in the usual motor and control applica-
tion as contemplated by the National Electrical Code.

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 elec-
trical failures, and protect against loss of production due to
failure of a machine component. To provide these safe-
guards, 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 (i.e., small drill
presses, bench grinders, sanders, etc.) were not appropri-
ately 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 require-
ments 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 Sep-
tember, 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 cov-
ered by the JIC electrical (EMP-1-67, EGP-1-67) and elec-
tronic (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 edition includes additional references
to International standards.

1991 Edition



79-8 INDUSTRIAL MACHINERY

Chapter 1 General

1-1 Purpose.

(a) The purpose of this electrical standard is to provide
detailed information for the application of electrical/
electronic equipment, apparatus, or systems supplied as
part of industrial machinery that will promote safety to life
and property.

(b) This standard is not intended to limit or inhibit the
advancement of the state of the art. Each type of machine
has unique requirements that shall be accommodated to
provide adequate safety.

1-2 Scope.

(a) The provisions of this standard shall apply to the
electrical/electronic equipment, apparatus, or systems of
industrial machinery operating from a nominal voltage of
600 volts or less, and commencing at the place of connec-
tion of the supply to the electrical equipment of the
machines.

NOTE 1: In this standard, the term “electrical” includes
both electrical and electronic equipment. Requirements that
apply only to electronic equipment shall be so identified.

NOTE 2: The general terms “machine” and “machinery”

as used throughout this standard mean industrial machin-

CI\'VA

(b) This standard shall not be considered adequate for
machines intended for use in areas defined as hazardous
(classified) locations by NFPA 70, National Electrical Code,
1990 edition.

(c) This standard is not intended to apply to:

1. Fixed or portable tools judged under the require-
ments of a testing laboratory acceptable to the authority
having jurisdiction.

2. Machines used in dwelling units.

(d) The installation of a machine and the wiring
between component machines of “manufacturing systems/
cells” shall be in accordance with NFPA 70, National Electri-
cal Code, 1990 edition.

1-3 Definitions. For the purposes of this standard, the
following definitions shall apply:

(a) A machine tool is defined as a power-driven machine
not portable by hand, used to shape or form metal or plas-
tic by cutting, impact, pressure, electrical techniques, or a
combination of these processes.

NOTE: Sece Appendix B for examples of industrial

machinery.

(b) Plastics machinery is defined as a power-driven
machine not portable by hand, used to shape or form plas-
tic by application of thermal energy, mechanical energy, or
both, by cutting, impact, pressure, or a combination of
these processes.

NOTE: Sece Appendix B for such types of plastics machmery.

(c) For the purposes of this standard. definitions of
some other terms are given in Appendix A.

1991 Edition

1-4 Other Standards. On any point for which specific
provisions are not made in this standard, the provisions of
NFPA 70, National Electrical Code, 1990 edition, shall be
observed. Other organizations having standards that may
provide additional information are listed in Appendix F.

NOTE: NFPA 70E, Standard for Electrical Safety Requarements
[for Employee Workplaces, contains additional information.

Chapter 2 Diagrams, Instructions,
and Nameplates

2-1 General.

(a) The following shall be included with the electrical
drawings where required in Section 2-2.

1. Complete schematic diagram

2. Sequence of operations

3. Block diagram (where appropriate)

4. Equipment layout

5. Panel layouts

6. Interconnection diagram

7. Electronic schematics (where appropriate)
8. Parts list

9. Instruction and service manuals

10. Information for Safety Lockout Procedure
(where appropriate).

(b) The following shall be furnished for reference only
where appropriate.

1. Lubrication diagram
2. Pneumatic diagram
3. Hydraulic diagram

4. Miscellaneous system diagrams (i.e., coolant,
refrigerant, etc.).

(c) Where appropriate, a table of contents shall appear
prominently on the first sheet and shall refer to all major
sections of the electrical drawings.

2-2 Diagrams.

(a) Diagrams of the electrical system shall be provided.
Any electrical symbols shall be in accordance with ANSI
Y32.2. Any electrical symbols not shown in ANSI Y32.2
standards shall be separately shown and described on the
diagrams. The symbols and identification of components
and devices shall be consistent throughout all documents
and on the machine.

Pertinent information such as motor horsepower, frame
size, and speed shall be listed adjacent to its symbol.

NOTE: See Appendix D for examples of electrical dia-

grams.

(b) A cross-referencing scheme shall be used in conjunc-
ton with each relay, output device, limit switch, pressure
switch, etc., so that any contact associated with the device
can be readily located on the diagrams.
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(c) The functional description for each device shall be
shown. See Appendix E for examples of devices and com-
ponent designations.

(d) Switch symbols shall be shown on the electrical sche-
matic diagrams with all utilities turned off (electric power,
air, water, lubricant, etc.), the machine and its electrical
equipment in its normal starting condition, and at 20°C
(68°F) ambient. Control settings shall be shown on the
drawings.

(e) Directly connected conductors shall be uniquely des-
ignated with the same alphanumeric reference. Conduc-
tors shall be identified in sequential order and in accor-
dance with Chapter 14.

Exception No. 1:  Conductors of 18 AWG or less used in elec-
tronic assemblies need not be identified by an alphanumeric desig-
nation.

Exception No. 2:  Where a plug is attached to a multiconductor
cable, color coding shall be permutted to be substituted for the
alphanumeric designation only at the plug end. Where color-coded
multiconductor cable is used to wire identical components (e.g.,
limit switches), the color shall be consistent throughout. Where
color coding is used, it shall be clearly indicated on the electrical
diagrams.

(f) Circuits shall be shown in such a way as to facilitate
the understanding of their function as well as their mainte-
nance and fault location. Control circuit devices shall be
shown between vertical lines that represent control power
wiring. The left vertical line shall be the control circuits
common and the right line shall be the operating coils
common, except where permitted by Chapter 7 design
requirements. Control devices shall be shown on horizon-
tal lines (rungs) between the vertical lines. Parallel circuits
shall be shown on separate horizontal lines directly adja-
cent to (above or below) the original circuit.

(g) An interconnection diagram shall be provided on
large systems having a number of separate enclosures or
control stations. It shall provide full information about the
external connections of all of the electrical equipment on
the machine.

(h) Interlock wiring diagrams shall include devices,
functions, and conductors in the circuit where used.

(1) Plug/receptacle pin identification shall be shown on
the diagram(s).

2-3 Instructions.

(a) Information referring to the installation, sequence of
operations, explanation of unique terms, list of recom-
mended spare parts, maintenance instructions, and adjust-
ment procedures of the machine electrical equipment shall
be furnished.

(b) The installation drawing(s) shall provide information
necessary for preliminary machine and control setup. This
includes information on supply cables, particularly if they
are to be supplied by the end user; the size and purpose of
any cable duct, raceway, or wireway that must be supplied
by the end user; and the amount of space required to
mount and maintain the machine and its electrical equip-
ment.

(¢) The description of the sequence of operations is
required for electrical equipment comprising several inter-

related functions. Where the machine can perform several
sequences, the description of operation shall explain each
of them and their interrelationship. Information shall be
given that is necessary for the understanding of the electri-
cal operation in conjunction with the mechanical, hydrau-
lic, or pneumatic operation of the machine. Where the
sequence of operations is program controlled, the informa-
tion on programming the system for operation, mainte-
nance, and repair shall be provided. A block diagram shall
be permitted to be used to facilitate the understanding of
the sequence of operations. The block diagram shows the
electrical equipment together with its functional interrela-
tionships by the use of symbols or blocks without necessar-
ily showing all interconnections. References to the appro-
priate electrical diagram(s) shall be included on the block
diagram.

(d) The parts list shall itemize recommended electrical
spare parts together with the necessary data for ordering
replacements.

(e) Maintenance and service instructions shall include:

1. Information necessary for calibrating and adjust-
ing components, devices, and subassemblies.

2. Operation instructions. including all information
necessary to describe initial conditions and operations of
the complete system.

3. Troubleshooting information and suggestions for
locating and replacing faulty components, suggested pre-
ventative maintenance schedules, and related data.

2-4 Markings. Nameplates, markings, and identification
plates shall be of sufficient durability to withstand the envi-
ronment involved. ’

2-5 Warning Marking.

(a) A warning marking shall be provided adjacent to the
disconnect operating handle(s) where the disconnect(s)
that is interlocked with the enclosure door does not deen-
ergize all exposed live parts when the disconnect(s) is in
the “open (off)” position.

(b) When an attachment plug is used as the disconnect-
ing means, a warning marking shall be attached to the
control enclosure door or cover indicating that power shall
be disconnected from the equipment before the enclosure
is opened.

(c) Where the disconnecting means is remote from the
control enclosure, a warning marking shall be attached to
the enclosure door or cover indicating that the power shall
be disconnected from the equipment before the enclosure
is opened and that the enclosure is to be closed before the
power is restored.

2-6 Machine Marking. The machine shall be marked
with the builder’s name, trademark, or other identification
symbol.

2-7 Machine Nameplate Data.

(a) A permanent nameplate listing the machine serial
number, supply voltage, phase, frequency, full-load cur-
rent, ampere rating of the largest motor or load, short-
circuit interrupting capacity of the machine overcurrent
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protective device where furnished as part of the equip-
ment, and the electrical diagram number(s) or the number
of the index to the electrical diagrams (bill of material)
shall be attached to the control equipment enclosure or
machine where plainly visible after installation. Where
more than one incoming supply circuit is to be provided,
the nameplate shall state the above information for each
circuit.

Exception:  Where only a single motor or motor controller is used,
the motor nameplate shall be permitted to serve as the electrical
equipment nameplate where it is plainly visible.

(b) The full-load current shown on the nameplate shall
not be less than the full-load currents for all motors and
other equipment that can be in operation at the same time
under normal conditions of use. Where unusual loads,
duty cycles, etc., require oversized conductors, the
required capacity shall be included in the full-load current
specified on the nameplate.

(c) Where overcurrent protection is provided in accor-
dance with Section 6-2, the machine shall be marked
“overcurrent protection provided at machine supply termi-
nals.” A separate nameplate shall be permitted to be used
for this purpose.

2-8 Equipment Marking and Identification.

(a) Where equipment is removed from its original enclo-
sure or is so placed that the manufacturer’s identification
plate is not easily read, an additional identification plate
shall be attached to the machine or enclosure.

(b) Where a motor nameplate or connection diagram
plate is not visible, additional identification shall be pro-
vided where it can be easily read.

(c) Nameplates, identification plates, or warning mark-
ings shall not be removed from the equipment.

(d) All control panel devices and components shall be
plainly identified with the same designation as shown on
the diagram(s). This identification shall be adjacent to (not
on) the device or component.

Exception No. 1: Where the size or location of the devices makes
imdividual identification impractical, group identification shall be
used.

Exception No. 2: This section need not apply to machines on
which the equipment consists only of a single motor, motor control-
ler, pushbutton station(s), and worklight(s).

(e} All devices external to the control panel(s) shall be
identified by a nameplate with the same designation as
shown on the diagram(s) and mounted adjacent to (not on)
the device.

Exception:  Devices covered by Section 2-9.

(f) Terminations on multiconductor plugs and recepta-
cles shall be plainly marked. The markings on the plug/
receptacles and on drawings shall correspond.

(g) Where group protection as provided for in Section
6-5(d) is used, information specitying the short circuit pro-
tective device for each group protected motor branch cir-
cuit shall be included with the equipment.
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2-9 Function Identification. Each control station device
(pushbutton, indicating light, selector switch, etc.) shall be
identified as to its function on or adjacent to the device.

NOTE: Consideration shall be given to the use of IEC
symbols for pushbuttons (see Appendix C for examples).

2-10 Equipment Grounding Terminal Marking. The
equipment grounding terminal shall be identified with the
word “GROUND,"” the letters “GND” or “GRD,” the letter
“G.” or by coloring the terminal GREEN.

NOTE: Some other standards recognize symbols C-2 (IEC
417-5019) and C-3 (1IEC 417-5017).

Chapter 3 General Operating Conditions

3-1 General. This chapter describes the general require-
ments and conditions for the operation of the electrical
equipment of the machine.

3-2 Electrical Components and Devices. Electrical com-
ponents and devices shall be used or installed assuming the
operating conditions of ambient temperature, altitude,
humidity, and supply voltage outlined in this chapter, and
within their design ratings, taking into account any
de-rating stipulated by the component or device manufac-
turer.

3-3 Ambient Operating Temperature. The electrical
equipment shall be capable of operating in an ambient
temperature range of 5 to 40°C (41 to 104°F) under no
load to full load conditions.

3-4 Altitude. The electrical equipment shall be suitable
for operating correctly at altitudes up to 3300 ft (1000 m)
above sea level.

3-5 Relative Humidity. The electrical equipment shall be
capable of operating within a relative humidity range of
20-95 percent (noncondensing).

3-6 Transportation and Storage. The electrical equip-
ment shall be designed to withstand storage and transpor-
tation temperatures within the range of —25 to 55°C (- 13
to +131°F) and up to 65°C (149°F) for short periods not
exceeding 24 hr. Suitable means shall be provided to pre-
vent damage from excessive moisture, vibration, stress, and
mechanical shock during shipment.

3-7 Supply Voltage. The electrical equipment shall oper-
ate sausfactorily at full-load as well as no-load under the
following conditions:

(a) Voltage 90-110 percent of rated volt-
age.

(b) Frequency +2 percent of rated fre-
quency.

(c) Harmonic Distortion  Up to 10 percent of total
RMS sum of the 2nd
through 5th harmonics. Up
to an additional 2 percent
RMS sum of the 6th

through 30th harmonics.
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(d)y Radio Frequency
Voltages

2 percent RMS above
10KHZ.

200 percent peak voltage up
to 1 ms duration with a rise
time of 500 ns to 500 ps.

(e) Impulse Voltage

(f) Voltage Drop Reduction of 50 percent of
peak voltage for 4 cycle or
20 percent for 1 cycle. More
than 1 sec between succes-

sive reductions.

(g) Micro-interruption Supply disconnected or at
zero voltage for 3 ms at any
random time in the cycle.
More than 1 sec between

successive reductions.

3-8 Installation and Operating Conditions. The electri-
cal equipment shall be installed and operated in accor-
dance with the manufacturer’s instructions. Any conditions
that are outside the operating conditions specified in
Chapter 3 shall be permitted where acceptable to both the
manufacturer and user.

Chapter 4 Safeguarding of Personnel

4-1 General. The electrical equipment shall provide safe-
guarding of persons against electrical shock both in normal
service and in case of fault.

4-2 Safeguarding against Electric Shock in Normal Service.

(a) Live parts shall either be located inside enclosures as
described in Chapters 9 and 10 or be completely covered
by insulation that can only be removed by destruction (e.g.,
interconnecting cables).

(b) Enclosure interlocking as described in Sections 5-9
and 9-8 shall be provided.

(c) Grounding and bonding of the electrical equipment

and machine members shall comply with Chapter 17 of

this standard.

4-3 Safeguarding against Electrical Shock by Machine
Extra Low Voltage (MELV). Circuits of which not all live

arts are protected against direct contact in normal service
shall fulfill all of the following conditions:

(a) The highest voltage (with respect to ground) shall
not exceed 30VAC (RMS) or 30VDC (with less than 10
percent ripple).

(b) The source of supply and all live parts and conduc-
tors of such circuits shall be separated or isolated from cir-
cuits with higher voltages by insulation rated for the max-
imum voltage used in the same part of the electrical
equipment.

(c) One side of the circuit or one point of the source of

supply of that circuit shall be connected to the grounding
arcuit associated with the higher voltages used on the
machine and its related exposed conductive parts.

(d) Plugs and receptacles used in MELYV circuits shall be
chosen to preclude accidental connection to circuits having
higher voltages.

4-4 Safeguarding against Electrical Shock from Residual
Voltages. Where the equipment includes elements that
may retain residual voltages after being switched off, the
voltage shall be reduced to below 50 volts within one
minute after being disconnected.

4-5 Safeguarding against Other Hazards.

(a) Where hazards are identified for the specific
machine on which the electrical equipment is present, pro-
visions for the connection of the appropriate safeguards
(e.g., guards and protective devices) shall be made. These
safeguards shall function in accordance with the require-
ments of the specific industrial machine.

(b) Where the industrial machine is used in conjunction
with other machines or equipment (e.g., in a manufactur-
ing system/cell), provisions shall be made, where appropri-
ate, to connect external emergency stop devices to the
emergency stop circuit (see Section 7-6). Where appropriate,
provisions shall also be made to indicate the status of the
emergency stop circuit to other machines and associated
equipment,

Chapter 5 Supply Circuit Disconnecting Means

5-1 General Requirements. A disconnecting means shall
be provided for each incoming supply circuit.

5-2 Type.

{a) The disconnecting means shall be manually operable
and shall be a fusible or nonfusible motor circuit switch or

a circuit breaker in accordance with Sections 5-3 through
5-10.

(b) An attachment plug shall be permitted in accordance
with Section 5-11.

5-3 Rating.

(a) The ampacity of the disconnecting means shall be
not less than 115 percent of the sum of the full-load cur-
rents required for all equipment that may be in operation
at the same time under normal conditions of use.

(b) The interrupting capacity of the disconnecting
means shall be not less than the sum of the locked-rotor
current of the largest motor plus the full-load current of all
other connected operating equipment.

(¢) Fusible motor-circuit switches or circuit breakers
shall be applied in accordance with Chapter 6 of this stan-
dard.

5-4 Position Indication. The disconnecting means shall
plainly indicate whether it is in the open (off) or closed
position.

5-5 Supply Conductors to Be Disconnected. Each dis-
connecting means shall disconnect all ungrounded conduc-
tors of a single supply circuit simultaneously. Where there
is more than one source, additional individual disconnect-
ing means shall be provided for each supply circuit, so that
all supply to the machine may be interrupted.
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5-6 Connections to Supply Lines. Incoming supply line
conductors shall terminate at the disconnecting means with
no connection to terminal blocks or other devices ahead of
the disconnecting means.

5-7 Exposed Live Parts. There shall be no exposed live
parts with the disconnecting means in the open (off) position.

NOTE: See Exception to Section 7-1.

5-8 Mounting.

(a) The disconnecting means shall be mounted within
the control enclosure or adjacent thereto. Where mounted
within the control enclosure, the disconnecting means shall
be mounted at the top of the control panel with no other
equipment mounted directly above it. Wire bending space
shall be provided as required by NFPA 70, National Electri-
cal Code, Section 430-10(b). Space shall be determined by
maximum wire size of incoming lines or by maximum
capacity of line lugs on the disconnecting means.

Exception No. 1: In plastics extrusion machinery (extruders, film
casting machines, film and sheet winding equipment, wire coating
machinery, and sheet line and pull roll equipment ONLY—see
B-2) where the design configuration of the enclosure may preclude
mounting the disconnect as the uppermost component:

a. Live parts shall be guarded against accidental contact.

b.  Barriers shall be placed in all enclosures to isolate the sup-
ply circuit conductors and terminals from other internal conduc-
tors and components.

Exception No. 2:  Machines with a motor(s) totalling two horse-
power or less shall be permitted to be connected to a remotely
mounted disconnecting means through a flexible cord, cable, or
conduit provided the disconnecting means is within sight of,
readily accessible to, and no more than twenty feet (6 m) from the
machine operator.

(b) Where two or more disconnecting means are pro-
vided within the control enclosure for multiple supply cir-
cuits, they shall be grouped in one location.

5-9 Interlocking.

(a) Each disconnecting means shall be mechanically or
electrically interlocked, or both, with the control enclosure
doors. Interlocking shall be reactivated automatically when
panel doors are closed.

Exception No. 1. A disconnecting means used only for mainte-
nance lighting circuits within control enclosures shall not be
required to be interlocked with the control enclosure. The marking
requirements of Section 2-4(a) shall apply.

Exception No. 2. Where an attachment plug is used as the dis-
connecting means in accordance with Section 5-11.

Exception No. 3: A disconnecting means used for power supply
circuits within control enclosures to memory elements and their
support logic requiring power at all times to maintain the storage
of information shall not be required to be interlocked with the con-
trol enclosure doors. The marking requirements of Section 2-4(a)
shall apply.
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Exception No. 4: Where a remotely mounted disconnecting
means is permitted as per Section 5-8, Exception No. 2, interlock-
ing shall not be required provided that a tool is rvequired to open
the enclosure door and a label is attached to the control enclosure
warning of dangerous voltage inside and advising disconnection
of the power before opening.

Interlocking shall be provided between the disconnect-
ing means and its associated door to accomplish both of the
following:

1. To prevent closing of the disconnecting means
while the enclosure door is open, unless an interlock is
operated by deliberate action.

2. To prevent closing of the disconnecting means
while the door is in the initial latch position or until the
door hardware is fully engaged.

All doors on multiple-door enclosures shall be inter-
locked simultaneously with the door that is interlocked
with the main disconnecting means.

(b) Where there are two or more sources of power to
the equipment or where there are two or more indepen-
dent disconnecting means, power wiring from each discon-
necting means shall be run in separate conduit and shall
not terminate in or pass through common junction boxes.

5-10 Operating Handle.

(a) The operating handle of the disconnecting means
shall be readily accessible.

(b) The center of the grip of the operating handle of the
disconnecting means, when in its highest position, shall be
not more than 6% ft (2 m) above the floor. A permanent
operating platform, readily accessible by means of a per-
manent stair or ladder, shall be considered as the floor for
the purpose of this requirement.

(¢) The operating handle shall be capable of being
locked only in the open (off) position.

(d) When the control enclosure door is closed, the oper-
ating handle shall positively indicate whether the discon-
necting means is in the open (off) or closed position.

5-11 Attachment Plug and Receptacle. An attachment
plug and receptacle shall be permitted as a disconnecting
means providing all of the following conditions are com-
plied with:

(a) The motor(s) on the machine shall total two horse-
power or less.

(b) The supply voltage shall not exceed 150 volts to
ground.

(c) DC shall not be used.

(d) The ampacity of the attachment plug shall be not
less than 115 percent of the sum of the full-load currents
required for all equipment that may be in operation at the
same time under normal conditions of use.

(e) The attachment plug shall be single voltage rated.

(f) The attachment plug shall be provided with a
grounding pole and so constructed that the grounding
pole is made before any current-carrying poles are made
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Diagram 6-1 Protection of Machine Electrical Circuits.

and 1s not broken until ull current-carrying poles of the
attachment plug have been disconnected. A grounding
pole shall not be used as a current-carrving part.

() The attachment plug shall be in sight of the opera-
tor’s station and readily accessible.

(h) The marking requirements of Section 2-5(h) shall apply.
Chapter 6 Protection

6-1 Machine Circuits. Diagram 6-1 shows typical cireuits
acceptable for protection of machine motors, resistive heating
loads, and controls. Protective interlocks are not shown.

6-2 Supply Conductor and Machine Overcurrent Protec-
tion. The overcurrent protection as shown in line C of
Diagram 6-1, Figures I through IV inclusive. may or may
not be furnished as part of the machine. Where furnished
as part of the machine, it shall consist of a single circuit
breaker or set of fuses, and the machine shall bear the
marking required in Section 2-7(c).

6-3 Additional Overcurrent Protection. Where
required, the additional overcurrent protection shown in
Line D of Diagram 6-1. Figures Tl and IV, shall be pro-
vided as part of the machine control. Such overcurrent
protection (fuse or overcurrent trip unit ol a circuit
breaker) shall be pluced in each ungrounded branch-
circuit conductor. A circuit breaker shall open all
ungrounded conductors of the branch circuit.

6-4 Location of Protective Devices. Overcurrent protec-
tive devices shall be located at the point where the conduc-
tor to he protected receives its supply.

Exception No. I:
plied with:

Where all of the followimg conditions are com-

(1) the conductor has an ampacity of at least one-third (1/5)
that of the conductor from which it is supplied

(2} the conductor s suitably protected from physical damage
(3} the conductor is not over 25 ft (7.6 m) long
() the conductor texminates in a single circuit breaker or set

of fises.

Lxception No. 2:

plied with:

Where all of the following conditions are com-

(1) the conductor has an ampacity of not less than the sum of
the maximum continnous load curvents suppled

(2)  the conductor is not over 10 ft (3 i) long

(3) the conductor does not extend beyond the control panel
enclosure

(4) the conductor tevminates i a single cireait breaker or set
of fuses.
6-5 Motor Branch Circuits.

(@) The overcurrent protective device for a branch cir-
cuit supplving a single motor shall be capable of carrving
the starting current of the motor. Overcurrent protection
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shall be considered as being obtained when the overcur-
rent device has a rating or setting not exceeding the values
given in Table 6-5(a). Where the overcurrent protection
specified in the table is not sufficient for the starting cur-
rent of the motor, it shall be permitted to be increased to a
maximum of 400 percent of the motor full-load current for
inverse time circuit breakers and nontime delay fuses, a
maximum of 225 percent for time delay or dual element
fuses, and a maximum of 1300 percent for instantaneous
trip breakers.

Exception:  Where the values for the branch-circuil short-circuit
and ground-fault protective devices determined by Table 6-5(a) do
not correspond to the standard sizes or ratings of fuses, nonadjust-
able circuit breakers or theymal protective devices, or possible set-
tings of adjustable circuit breakers adequate to carvy the load, the
next higher size, rating, or setting shall be permitted.

Table 6-5(a) Maximum Rating or Setting of Motor Branch-
Circuit Short-Circuit and Ground-Fault Protective Devices

Percent of Full-Load Current

Dual
Element Instan-
Non-Time  (Time- taneous  Inverse
Delay Delay) Tri Time
Type of Motor Fuse Fuse Breafer Breaker
Single-phase, all tvpes
No code letter 300 175 700 250
All ac single-phase and polyphase
squirrel-cage and synchronous
motors with fill‘]-\'()ililg(‘. resistor,
or reactor starting:
No code letter 300 175 700
Code letter F to V 300 175 700 250
Code letter B to E 250 175 700 200
Code letter A 150 150 700 150
All ac squirrel-cage and syn-
chronous motors with
autotranstormer starting:
Not more than 30 amips
No code letter 250 175 700 200
More than 30 amps
No code letter 20} 175 700 200
Code letter F o V 250 175 700 200
Code letter B o E 200 175 700 200
Code letter A 150 150 700 150
High-reactance squirrel-cage
Not more than 30 amps
No code letter 250 175 700 250
More than 30 amps
No code letter 200 175 700 200
Wound-rotor—No code letter 150 150 700 150
Direct current (constant voltage)
Not more than 50 hp
No code letter 150 150 250 150
More than 50 hp
No code letter 150 150 175 150

NOTE: Ratng or Sctting for Individual Motor Circuit.
The motor branch-circuit short-circuit and ground-tault
protective device shall be capable of carrying the starting
current of the motor. The required protection shall be con-
sidered as bemyg obtained where the protective device has a
rating or setting not exceeding the values given in the
above table.

An instantancons trip circuit breaker shall be used only it
adjustable, 1if part of a combination controller having
motor-running overload and also short-circuit and ground-
fault protection in each conductor, and if the combination
is especially identified.
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(b) Several motors each not exceeding 1 horsepower in
rating shall be permitted on a nominal 120-volt branch cir-
cuit protected at not over 20 amperes or a branch circuit of
600 volts, nominal, or less, protected at not over 15
amperes, where all of the following conditions are met:

(1) The full-load rating of each motor does not
exceed 6 amperes.

(2) The rating of the branch-circuit short-circuit and
ground-fault protective device marked on any of the con-
trollers 1s not exceeded.

(3) Individual overload protection conforms to Sec-
ton 6-6.

(¢) Where the branch-circuit and short-circuit and
ground-fault protective device is selected not to exceed
that allowed by Section 6-5(a) for the motor of the smallest
rating, two or more motors or one or more motors and
other load(s), with each motor having individual overload
protection, shall be permitted to be connected to a branch
circuit where it can be determined that the branch-circuit
short-circuit and ground-fault protective device will not
open under the most severe normal conditions of service
that might be encountered.

(d) Two or more motors and their control equipment
shall be permitted to be connected to a single branch-circuit
where short-circuit and ground-fault protection is pro-
vided by a single inverse-time circuit breaker or a single set
of fuses, provided both of the following conditions are met:

(1) Each motor controller and overload device is
listed for group installation with specified short-circuit
withstand ratings.

NOTE: The short-circuit withstand rating includes:

(a) The class and rating of the short-circuit protective
device.

(b)  The maximum nominal application voltage.

(¢) The maximum available fault current.

(2) The rating or setting of the overcurrent device
does not exceed the values in Table 6-5(b) for the smallest
conductor in the circuit.

Table 6-5(b) Relationship Between Conductor Size and Maxi-
mum Rating or Short-Circuit Protective Device for Power Circuits

Max. Rating
Non-Time Delay Time Delay
Fuse or or

Conductor Inverse Time Dual Element
Size AWG Circuit Breaker Fuse
14 60 30
12 80 40
10 100 50
8 150 80
6 200 100
4 250 125
3 300 150
2 350 175
] 400 200
0 500 250
2/0 600 300
3/0 700 350
1/0 800 400
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6-6 Motor Overload.

(a) Overload devices shall be provided to protect each
motor, motor controller, and branch-circuit conductor
against excessive heating due to motor overloads or failure
to start.

(b) Resetting of the overload device shall not restart the
motor,

Exception:  Where there s only a single motor of two horsepower
or less on the machine, an overload veset operator mounted on the
motor shall be permitted ta restart the motor provided that the dis-
tance between the overload reset operator and the machine start
pushbutton operator is 12 in. (300 mm) or less, and a suitable
warning label is attached on or adjacent to the overload reset
operator.

(c) The minimum number and location of running over-
current units shall be determined from Table 6-6(c).

Table 6-6(c) Running Overcurrent Units

Number and Location of
Overcurrent Units (such

Kind of as trip coils, relays, or
Motor Supply System thermal cutouts)
I-phase ac 2-wire, 1-phase ac or I in either conductor
or dc dc ungrounded
I-phase ac 2-wire, 1-phase ac or 1 in ungrounded
or dc dc, one conductor conductor

grounded
I-phase ac 3-wire, 1-phase ac or
or dc de. grounded-neutral
3-phase ac Any 3-phase

1 in cither ungrounded
conductor
*3, one in cach phase

*Exception:  Unless protected by other approved means

NOTE:  For 2-phase power supply svstems see the Natwonal Electhnal
Code, Section 430-37.

6-7 Motor Overload, Special Duty. Short-time rated
motors or high-reversing duty motors that cannot be ade-
quately protected by external overload devices shall be
protected by a thermal device mounted in the motor and
sensitive to the temperature of the motor, or to both motor
temperature and current.

Motors that are an integral part of a refrigeration com-
pressor of the hermetic or semihermetic type shall he pro-
tected per the compressor manufacturer's recommenda-
tions.

6-8 Resistance Heating Branch Circuits.

(a) If the branch circuit supplies a single nonmotor-
operated load rated at 16.7 amperes or more, the overcur-
rent device rating shall not exceed 150 percent of the load
rating.

(b) Electric machines employing resistance-type heating
elements rated at more than 48 amperes shall have the
heating elements subdivided. Each subdivided load shall
not exceed 48 amperes and shall be protected at not more
than 60 amperes.

Exception: A single sheath-tvpe heating element requiring more
than 48 amperes shall be protected at not more than 125 percent
of the load where the element is integral with and enclosed within
the machine housing.

(c) The supplementary overcurrent protective devices
shall be: (1) installed within or on the machinery or pro-
vided as a separate assembly: and (2) accessible but need
not be readily accessible: and (3) suitable for branch-circuit
protection.

(d) The main conductors supplying these overcurrent
protective devices shall be considered branch-circuit con-
ductors.

6-9 Control Circuit Conductors.

(a) General. A control circuit tapped from the load side
of the branch-circuit short-circuit and ground-fault protec-
tive device(s) and functioning to control the load(s) con-
nected to thar branch circuit shall be protected against
overcurrent in accordance with this section. Such a tapped
control circuit shall not be considered to be a branch cir-
cuit and shall be permitted to be protected by either a sup-
plementary or branch-circuit overcurrent protective
device(s).

b) Conductor Protection.
(

(1) Conductors larger than No. 14 shall be protected
against overcurrent in accordance with their ampacities.
The ampacities for control circuit conductors No. 14 and
larger shall be those given in Table 13-5(a).

(2) Conductors of Nos. 18, 16, and 14 shall be con-
sidered as protected by an overcurrent device(s) of not
more than 20 amperes rating.

Exception No. 1 for (1) and (2) above:  Conductors that do not
extend heyond the enclosure shall be considered protected by the
load branch-civcuit short-circutt and ground-fault protective
device(s) wheve the rating of the protective device(s) is not more
than 400 percent of the ampacity of the control circuit conductor
for conductors No. 14 and larger, or not more than 25 amperes

Sfor No. 18 and 40 amperes for No. 16. The ampuacities for conduc-

tors No. 14 and lavger shall be the values given in Tuble 13-5(u).

Exception No. 2 for (1) and (2) above:  Conductors of No. 14
and larger that extend beyond the enclosure shall be considered
protected by the load branch-circuit short-corewdt and ground-fanli
protective device(s) where the rating of the protective device(s) is
not more than 300 percent of the ampacity of the control corcuit con-
ductors. The ampacities shall be the values given in Table 13-5(a).

Exception No. 3 for (1) and (2) above:  Conductors supplied by
the secondary side of a single-phase transformer having a 2-wire
(single-voltage) secondary shall be considered protected by overcur-
rent protection provided on the primary (supply) side of the trans-
Jormer, prowded this protection s in accordance with Section 6-12

and does not exceed the value determuned by mudtiplying the sec-

ondary conductor ampacity by the secondary-to-primary voltage
ratio. Transformer secondary conductors (other than 2-wire) are
not considered to e protected by the primey overcurvent protection.

Exception No. 4 for (1) and (2) above:  Conductors of control
circaats shall ‘be considered protected by the moloy branch-circuil
short-cirewit and ground-faudt protective device(s) where the open-
ing of the control circuit woudd create a hazavd, as for example,
the control cireuit of a magnetic chuck and the like.
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6-10 Lighting Branch Circuits. Overcurrent protection
for lighting branch-circuits shall not exceed 15 amperes.

6-11 Power Transformer. As used in this section, the
word “transformer”™ shall mean a power transformer or
polyphase bank of two or three single-phase power trans-
formers opel'u.[ing. as a l'lﬂi[ to supply power to loads other
than control circuit devices.

(a) Promary.  Each 600-volt or less transformer shall be
protected by an individual overcurrent device on the pri-
mary side rated or set at not more than 125 percent of the
rated primary current of the transtormer.

Exception No. 1: Where the rated primary current of a trans-
Jormer is 9 amperes or more and 125 percent of this current does
not correspond to a standard rating of a fuse or nonadjustable
cirewit breaker, the next higher stundard rating shall be pernuited.
Where the rated primary curvent is less than ‘) amperes, an over-
current device rated or set at not more than 167 percent of the
primary curvent shall be permitted.

Where the rated promary curvent is less thaw 2 amperes, an
overcurrent device rated or set at not more than 300 percent shall
be permtted.

Exception No. 2: An indroidual vvercurrent device shall not be
required where the primary circwd overcurrent device provides the
protection specified in this section.

Exceplion No. 3: As provided m (b) below.

(b) Primary and Secondary. A transtormer, 600 volts or
less. having an overcurrent device on the secondary side
rated or sct at not more than 125 percent of the rated sec-
ondary current of the transformer shall not be required to
have an individual overcurrent device on the primary side
if the primary feeder overcurrent device is rated or set at a
current value not more than 250 percent of the rated pri-
mary current of the transformer.

A transformer, 600 volts or less, equipped with coordi-
nated thermal overload protection by the manufacturer
and arranged to interrupt the primary current shall not be
required to have an individual overcurrent device on the
primary side if the primary feeder overcurrent device is
rated or set at a current value not more than 6 nmes the
rated current of the transformer for transformers having
not more than 6 percent impedance, and not more than 4
times the rated current of the transformer for ransformers
having more than 6 but not more than 10 percent imped-
ance.

Exception:  Where the yvated secondary curvent of a transformer is
9 amperes or move and 125 percent of this curvent does not corre-
spond 1o a standard rating of «a fuse or nonadjustable circuit
breaker, the next ugher standard yating shall be permatied.

Where the vated secondary curvent 1 less than 9 amperes, an

overcurvent device vated oy set at not more than 167 pevcent of the
rated secondary curvent shall be permitied.
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6-12 Control Circuit Transformer.

(a) Where a control circuit transformer is provided, the
transformer shall be protected in accordance with Table
6-12.

Exception No. 1. Where the control circial transformer is an
integral part of the motor controller and is located within the
motor controller enclosure. and where an overcurrent device(s)
rated or set at not more than 200 percent of the rated secondary
current of the transformer is provided 1 the secondary circut.

Exception No. 2: Where the transformer supphes a Class
power-limited. Class 2, or Class 3 yemote-control civeuil.

N

Exception No. 3: Ouvercurrent protection shall be omitted where
the opening of the control cireuit wordd create a hazard, as for
example, the control civcuit of a magnetic chuck and the like.

(h) Where the circuit is grounded, the protective
device(s) shall be located only in the ungrounded side.

(¢) Where multple overcurrent protective devices are
used to protect individual branch circuits, and the sum of
the current ratings of these overload protective devices
exceeds the current allowed in Table 6-12. a single over-
load protective device complying with Table 6-12 shall be
placed in the circuit ahead of the muliple protective
devices. The rating or setting of the overcurrent protective
device shall not exceed the values in Table 6-12 for the rat-
ing of the control transformer.

(d) Control circuit voltage derived from a power trans-
tormer shall be permitted.

Table 6-12 Control Transformer Overcurrent Protection
(120 Volt Secondary)

Control Transformer Size, Maximum Rating,

Volt-Amperes Amperes

30 0.5

100 1.0

150 1.6

200 2.0

250 R

300 3.
200 3
750 8
1000 10
1250 12
1500 15
2000 20
3000 30
5000 50

NOILE: For tansformers larger than 5000 volt-amperes, the protecine

device rating shall be based on 125 percent of the secondary canrent taung
of the tansformer.

6-13 Common Overcurrent Device. ‘I'he use of the same
overcurrent device to provide the protection calted for in
Sections 6-9, 6-10, 6-11, and 6-12 shall be permirtted.
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6-14 Undervoltage Protection.

(a) In cases where a voltage drop below a specified level
can cause malfunctioning of the electrical equipment, a
minimum voltage device or detector that ensures appropri-
ate protection at a predetermined voltage level shall be
provided.

(b) The electrical equipment shall be designed to pre-
vent automatic restart of any machine motion or cycles
after power has been restored to required operating levels.

Exception No. [:
guarded.

Blower motors where moving parts are fully

Exception No. 2:

Exception No. 3: Pumps utilized to maintain the raw materials
i a workable condation.

Exception No. 4:

Coolant pumps.

Compressor pumpdown circuits.

(¢) In an unsupported extrusion system such as blown
film, sheet, or pipe, and where the operation of the
machine can allow for an interruption of the voltage dur-
ing a fraction of a second, a delayed no-voltage device shall
be permitted. The delaved interruption and the reclosing
shall in no way hinder instantaneous interruption by the
control and operating devices (limit switches. relays, push-
buttons, etc.).

6-15 Adjustable-Speed Drive System. The incoming
branch circuit or feeder to power conversion equipment
included as part of an adjustable-speed drive system shall
be based on the rated input to the power conversion equip-
ment. Where the power conversion equipment provides
overload protection for the motor, additional overload
protection is not required.

6-16 Motor Overspeed Protection. Unless the inherent
characteristics of the motor, or the controller or both are
such as to limit the speed adequately, drive systems motors
shall include protection against motor overspeed.

Overspeed protection means include, but are not neces-
sarily limited to. the following:

(@) A mechanical overspeed device incorporated in the
drive to remove armature voltage on motor overspeed.

(h) An electrical overspeed detector that will remove
armature voltage on motor overspeed.

(¢) Field loss detection to remove armature voltage
upon the loss of field current.

{(d) Voltage-limiting speed-regulated drives that operate
with constant full field. In this case. protection is obtained
individually for the loss of field or tachometer feedback;
however, protection against simultaneous loss of field and
tachometer is not provided.

The sate operating speed of the driven equipment may
be less than that of the motor. In this case, the user should
coordinate with the drive manufacturer to obtain the most
suitable means of limiting operation to safe operating
speed.

6-17 Equipment Overspeed Protection. Where the safe
operating speed of the equipment is less than that of the

drive motor, means shall be provided to limit the speed of

the equipment.

Chapter 7 Control Circuits

7-1 Source of Control Power. The source of supply for
all control circuits shall be taken from the load side of the
main disconnecting means.

Exception:  Power supply to memory elements and their support
logic requiring power at all times to maintain the storage of infor-
mation shall be permitted to be taken from the line side of the main
disconnecting means or olther power source. The marking require-
ments of Section 2-5(a) shall apply.

7-2 Control Circuit Voltages.

(a) Alternating-current (ac) control voltage shall be 120
volts or less, single phase, obtained from a transformer
with an isolated secondary winding.

Exception No. I: Other voltages shall be permitted. where neces-
sary, for the operation of electronic, precision, static, or similar
devices used in the control civeuit.

Exception No. 2: Exposed, grounded control circuits shall be
permitted when supplied by a transformer having a primary rat-
ing of not more than 120 wvolts, a secondary rating of nol maore
than 25 wvolts, and a capacity of not more than 50 volt-amperes.

Exception No. 3: Any electromechameal magnetic device having
an inrush current exceeding 20 amperes at 120 volts shall be per-
mitled to be energized at line voltage through contactor or relay
contacts. The contactor or relay contacts shall break both sides of
the line voltage corcwt to the magnetic device. The relay coll shall
be connected to the control circuat.

(b) Direct-current (d¢) control voltage shall be 250 volts

or less.

Exception:  Other voltuges shall be permutted, where necessary,

for the operation of electronic, precision, static, or somiluy devices

wused i the control circual.

7-3 Grounding of Control Circuits. Grounded or
ungrounded control circuits shall be permitted as provided
in Section 17-7. Ground faults on any control circuit shall
not cause unintentional starting or dangerous movements,
or prevent stopping of the machine.

7-4 Connection of Control Devices.

(a) All operating coils of electromechanical magnetic
devices and indicator lamps (or transformer primary wind-
ings 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: Electrical interlock contacts on multispeed
motor controllers where the wiring to these conlacts does not extend
beyond the control enclosure.

Exception No. 2: Overload relay contacts where the wirnmg to
these contacts does not extend beyond the control enclosure.

-

Exception No. 3: Contacts of multipole control civeuit switching
devices that somultaneously open both sides of the control civcuit.

Exception No. 4: Ground test swiching device contacts in
ungrounded control circuats.
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Exception No. 5:
ungrounded circuits.

Solenoid test switching device contacts in

Exception No. 6: Coils or contacts used in electronic control cir-
cuits where the wiring to these coils or conlacts does not extend
beyond the control enclosure.

Exception No. 7: “Run’ pushbuttons for two-hand operation,
such as for presses having ground detection circuils and overcur-
rent protection in each conductor.

(b) Contacts shall not be connected in parallel to
increase ampacity.

7-5 Stop Circuits.

(a) Stop functions shall be initiated through deenergiza-
tion rather than energization of control devices.

(b) Stop functions shall override their related start func-
tions.

(c) Each machine shall incorporate an emergency stop
circuit with at least one manually operated emergency stop
device. (See Section 7-G for requirements of the emergency stop
creuit.)

Exception:  Where the emergency stop function duplicates the
normal or zone (where provided) stop function, a separaie emer-
gency stop function shall not be required.

(d) A zone stop is an optional stop function that may be
requested for applications of robots or similar equipment,
where protection is required, that may be used where safe-
guards and human detection devices are required. (See Sec-
tion 7-7 for requirements of the zone stop circwat.)

NOTE: In IEC 204-1. ths stop function is a safety stop.

(e) A normal stop circuit(s) shall be provided to stop
motion under normal operating conditions. [See Section 7-8
for requirements of the normal stop circuit(s).)

7-6 Emergency Stop.

(a) The emergency stop circuit shall function by remov-
ing power to actuators that cause hazardous conditions as
quickly as possible without creating other hazards (i.e., by
providing means requiring no external power).

(b) The functioning of any braking system fitted to the
machine to stop it more rapidly shall not be prevented by
actuating the emergency stop circuit.

(¢) The emergency stop function shall override all other
functions and operations in all modes.

(d) The emergency stop circuit shall:

(1) operate by deactivation or deenergization and on
loss of the electrical supply.

(2) have only hardware based components (i.e., it
shall not rely on software to operate), although it may be
possible to initiate the circuit from the software of the pro-
grammable electronic svstem.

(3) signal the programmable electronic system that

an emergency stop has been executed.
(e) Where the affected machine is associated with other
machines working in a coordinated manner that have indi-
vidual programmable electronic systems or a supervisory
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programmable electronic system, provisions shall be made
to signal the other programmable electronic systems that
an emergency stop has been executed.

(H Each machine shall have provisions to connect exter-
nal emergency stop devices, safeguards, or interlocks to the
emergency stop circuit.

(g) Where a separate emergency stop device is pro-
vided, it shall be necessary to reset the emergency stop cir-
cuit manually before any machine motion may be initiated.
The resetting of the emergency stop circuit by itself shall
not initiate any motion.

7-7 Zone Stop. The zone stop circuit shall function as a
controlled stop followed by removal of power to the
machine actuators that can cause a hazardous condition.

The zone stop circuit shall override all other functions
and operations in all modes except emergency stop. The
zone stop circuit may be either hardware or software
based. It can be initiated from a hardware device, the logic
or software of the machine controller, or over a communi-
cations network or link. It shall signal the logic or software
that such a condition exists. For a group of machines work-
ing in a coordinated manner and having more than one
machine controller, provisions shall be made to signal the
other controllers that a zone stop has been executed.

Provisions to connect safeguards, zone sensors (e.g., pre-
sense sensing devices), or interlocks to this circuit shall be
provided. It shall be necessary to reset the power to the
machine actuators before any operation that could result in
a hazardous condition is initiated. The resetting of the
power to the machine actuators by itself shall not initiate
any operation.

7-8 Normal Stop.

(a) The normal stop(s) shall function as a controlled
stop.

(b) The stop circuit(s):
(1) shall override all other tunctions and operations
in all modes except emergency stop.

(2) shall be permitted to be either hardware or soft-
ware based.

(3) shall be permitted to be initiated from a hard-
ware device, the logic or software of the machine program-
mable electronic system, or over a communications net-
work or link

(4) shall signal the logic or software that a normal
stop has been executed.

(¢) Where the affected machine is associated with other
machines working in a coordinated manner that have indi-
vidual programmable electronic systems or a supervisory
programmable electronic system, provisions shall be made
to signal the other programmable electronic systems that a
normal stop has been executed.

7-9 Start Circuits.

(a) The start of a cycle or operation shall only be possi-
ble where all the safety measures for personnel, the
machine, and the work in progress are fulfilled.
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(b) Suitable interlocks shall be provided to secure cor-
rect sequential starting of cycles and operations.

7-10 Hold to Run Circuits. Where used, hold to run cir-
cuits [e.g., jog, inch circuit(s)], shall be designed to require
continuous actuation of the control device(s) to achieve
operation (i.e., machine motion), particularly when a haz-
ardous condition is present.

7-11 Operating Modes. Each machine shall be permitted
to have one or more operating modes (e.g., teach for
robots) that are determined by the type of machine and its
application.

Where hazardous conditions can arise from mode selec-
tion, such operation shall be protected by suitable means
(e.g., key operated switch, access code). Mode selection by
itself shall not initiate operation. A separate action by the
operator shall be required.

Safeguards shall remain effective for all operating
modes.

7-12 Feed Interlocked with Spindle Drive. Interlocking
shall be provided so that the spindle drive motor control-
ler is activated before the tool is driven into the workpiece.

7-13 Machinery Door Interlocking. Hinged or sliding
doors providing ready access to compartments containing
belts, gears, or other moving parts that may expose haz-
ardous conditions shall be interlocked through limit
switches or other means to prevent operation of the equip-
ment when the doors are not closed.

7-14 Motor Contactors and Starters. Motor contactors
and starters that initiate opposing motion shall be both
mechanically and electrically interlocked to prevent simul-
taneous operation.

7-15 Relays and Solenoids. Relays and solenoids that are
mechanically interlocked shall be electrically interlocked.

7-16 Setup Mode. Where necessary for setup purposes
and when under supervised control, interlocks shall be
permitted to be bypassed by qualified personnel provided
that other protective interlocks for the safety of personnel
shall remain operational.

7-17 Two-Hand Control Circuits. Where used to initiate
potentially hazardous motion, two-hand control circuits
shall:

(a) be protected against unintentional operation.

(b) have the pushbutton contacts connected in series
and shall be arranged by design and construction or sepa-
ration, or both, to require the concurrent use of both
hands to initiate the machine operation.

(c) incorporate an antirepeat feature for machines that
would present a hazard if an unintended repeat cycle
occurred.

NOTE: See ANSI B11 series standards.

Chapter 8 Control Equipment

8-1 Connections. Means for making conductor connec-
tions shall be provided on or adjacent to all control devices
mounted in the control enclosure.

8-2 Subpanels. Subpanels with concealed or inaccessible
internal wiring or devices shall be mounted and wired to
be removable.

8-3 Manual and Electromechanical Motor Controllers.

(a) Each motor controller shall be identified and shall be
capable of starting and stopping the motor(s) it controls
and, for alternating current motors, shall be capable of
interrupting the stalled rotor current of the motor(s) per
the manufacturer’s listed ratings. Controllers rated in
horsepower shall be used for motors rated 4 HP or larger.
The motor controller shall be sized in accordance with
Table 8-3(a).

Exception:  Other motor controllers shall be permitted provided
they are identified as suitable for the intended use and protected in

I accordance with marked ratings.

NOTE: See definition of Identified in Appendix A.

Table 8-3(a) Horsepower Ratings for Three-Phase, Single-
Speed, Full Voltage Magnetic Controllers for Nonplugging and
Nonjogging Duty

Service-Limit  Tpree-Phase Horsepower at

Current
Size of Motor Rating 200 230 460/575

Controller Amperes* Volts Volts Volts
00 11 1Ve 14 2

0 91 . 3 3 5

1 32 7k 7k 10

2 52 10 15 25

3 104 25 30 50

4 156 40 50 100

5 311 75 100 200

6 621 150 200 400

7 932 — 300 600

8 1400 — 450 900

9 2590 — 800 1600

Reference ANSI/NEMA [CS-2-88, Table 2-321-1.
*The service-limit current ratings shown in Tables 8-3(a) and 8-3(c) repre-
sent [h(_' maximuim rms current, in ampcres, lh(‘_‘ C(Jn[l'()“el' may bC CXPCC[Cd
to carry for protracted periods in normal service.

(b) Alternating current motor controllers shall open all
of the supply conductors leading to associated motors.

(c) Where machine operation requires a motor control-
ler to repeatedly open high motor current, such as in plug-
stop, plug-reverse, or jogging (inching) duty, requiring
continuous operation with more than five openings per
minute, the controller shall be de-rated in accordance with
Table 8-3(c).

Exception:  Other motor controllers shall be permitted provided
they are identified as suwitable for the intended use and protected in

V accordance with marked ratings.

NOTE: See definition of Identified in Appendix A.
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Table 8-3(c) Horsepower Ratings for Three-Phase,
Single-Speed, Full Voltage Magnetic Controllers for
Special Duty Applications

Continuous Horsepower at 60 Hertz Service-Limit
Current Current
Size of Rating* 200 230 460 or 575 Rating**
Controller Amperes Volts Volts Volts Amperes
0 18 1V 1 2 21
i 27 3 3 3 39
2 45 T4 10 15 52
3 90 15 20 30 104
4 135 25 30 60 156
35 270 60 75 150 311
6 540 125 150 300 621
9 2950 300 1600 2590

Reference ANSI/NEMA TGS 2-88, Table 2-321-3

NOTE.  Refer to ANSENEMA 1CS 2-88 for horsepower ratings of sigle-
phase, reduced voltage, or muluspeed motor controller application,

*The contmuous-curtent ratmgs shown i Tables -3¢0 and 8-310) repre-
sent the maximum rms current, in amperes, the controller mayv be expected
to carry connmuously without exceeding the temperature rises permitted by
Part 1CS [-109 of NEMA Standards Publicaton No. 1CS 1.

[ he service-humt carvent ratmgs shown in Tables 8-3(ay and 8-3¢0) repre-
sent the maxmium s corrent, m amperes, the conroller may be expeaed
to carry for protracted pertods o normal service A service-himat covrent
ratings. temperature rises may exceed those obtained by testing the control-
ler at its continuous current ratmg. The current rating of overload relass or
the tup carrent of other motor protective devices used shall not exceed the
service-limut current rating of the controller.

(d) Several motors shall be permitted to be operated
from one motor controller where separate overload protec-
tion is provided for each motor, and the horsepower rating
of the controller is not exceeded.

8-4 Marking on Motor Controllers. A controller for a
motor rated Y& horsepower or more shall be marked with
the voltage, phase, horsepower rating, and such other data
as may be needed to properly indicate the motor tor which
1t is suitable.

Chapter 9 Control Enclosures and Compartments

9-1 Type.

(a) Enclosures and compartments shall be nonventilated
with construction and sealing suitable for the intended
environment.

Exception:  Equifment requuring ventilation shall be permitted to be:
L. howsed in a separate ventilated portion of the encloswre
or (‘mn[mr[nu'n[, or

2. housed in a separate ventilated enclosure or compartment.

(b) Ventilated enclosures and compartments shall be
constructed to prevent the entrance of any deleterious sub-
stance normal to the operating environment and shall pre-
vent the escape of sparks or burning material.

9-2 Nonmetallic Enclosures. Nonmetallic enclosures
identified for the purpose shall be permitted. For ground-
ing provisions, see Section 17-3.

9-3 Compartment Location. Compartments for built-in

control shall be completely isolated from coolant and oil
reservoirs. The compartment shall be readilv accessible
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and completely enclosed; it shall not be considered
enclosed where it is open to the floor, the foundation upon
which the machine rests. or other compartments of the
machine that are not clean and dry.

9-4 Wall Thickness. The walls of compartments shall be
not less than the following: .0625 in. (1.5 mm) for sheet
steel; Y5 in. (3.2 mm) for cast metal; or ¥39 in. (2.38 mm)
for malleable iron.

9-5 Dimensions. The depth of the enclosure or compart-
ment including doors or covers shall not be less than the
maximum depth of the enclosed equipment plus the
required electrical clearances.

9-6 Doors. Enclosures or compartments shall have one
or more hinged doors that shall swing about a vertical axis
and shall be held closed with captive fasteners or vault-type
hardware. The thickness of metallic doors shall not be less
than that indicated in Section 9-4. The width of doors shall
not exceed 40 in. (1016 mm).

Exception:  Where the motor(s) on the machine totals two horse-
power or less, covers held on with captive serew-type fasteners shall
be pernulted.

9-7 Gaskets. Where gaskets are used, they shall be of an
oil-resistant material and shall be securely attached to the
door or enclosure.

9-8 Interlocks. Any door(s) that permits access to live
parts operating at 50 volts or more shall be so interlocked
that the door(s) cannot be opened unless all power is dis-
connected.

Exception No. 1: External interlocking circuats operating al less
than 150 wvolis need not be disconnected provided that the circuil
conductors are identified with a yellow-colored insulation us
desertbed in Section 14-1{a) and a warning marking Is attached
to the door in accordance with Section 2-5(a).

Exception No. 2: 1t shall be permitted o provide means for qual-
ified persons to gain access withowt removing power. The interlock-
ing shall be reactivated awtomatically when the door(s) is closed.

-

Exception No. 3. Where an attachment plug is used as the dis-
connecting means and a warning mavking is attached to the door
i accordance with Section 2-3(h).

Exception No. 4: Where the motor(s) on the machine totals two
horsepower or less. wn external, non-interlocked disconnecting
means shall be permitted provided that the disconnecting means 1s
withm sight and readily accessible, the control enclosure door or
cover is marked with « warnmg mdicating that the power shall be
removed by the disconnecting means before the enclosire is opened,
and further provided that a tool 1s requived to open the enclosure.

9-9 Interior Finish. The imnterior of control enclosures
and exposed surfaces of panels mounted therein shall be
finished in a light color.

Exception:  An enclosed motor controller for a single motor.
9-10 Warning Mark. All control enclosures and compart-
ments that do not clearly show thev contain electrical
devices and that are not electrically interlocked shall be
marked with a black or red lightning flash on vellow back-
ground within a black or red triangle as shown in Appen-
dix €, Section C-1.
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9-11 Print Pocket. A print pocket sized to accommodate
electrical diagrams shall be attached to the inside of the
door of the control enclosure or compartment. Single door
and multidoor enclosures shall have at least one print
pocket.

Chapter 10 Location and Mounting of Control
Equipment

10-1 General Requirements.

(a) Control equipment shall be mounted and located so
that it will not interfere with machine adjustments or main-
tenance.

(b) Pipelines, tubing, or devices for handling air, gases,
or liquids shall not be located in enclosures or compart-
ments containing electrical control equipment.

Exception:  Equipment for cooling electronic devices.

10-2 Control Panels.

(a) All devices mounted on the control panel and con-
nected to supply voltage, or to both supply and control
voltages, shall be grouped separately from devices con-
nected only to control voltages.

Exception:  Where supply voltage is 150 volts or less.

(b) Terminal blocks for power circuits shall be grouped
separately from control circuits.

Exception:  Grouped power terminals shall be permitted to be
mounted adjacent to grouped control terminals.

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

(d) The stationary part of each multiconductor control
cable plug/receptacle shall be mounted to provide unob-
structed access.

(€) The panel shall not be set to such depth from the
door frame or other projecting portion of machine as to
interfere with inspection and servicing.

() Starters, contactors, and other control devices shall
be front mounted on a rigid metal panel. Equipment shall
be mounted so that any component can be replaced with-
out removing the panel. No components shall be mounted
behind door pillars unless adequate space is provided for
replacement and servicing.

(g) Test points, where provided, shall be mounted to
provide unobstructed access, plainly marked to correspond
with markings on the drawings, adequately insulated, and
sufficiently spaced for connection of test leads.

10-3 Subpanels and Electronic Subassemblies. Sub-
panels and electronic subassemblies mounted on the con-
trol panel or on other supporting means, e.g., rack or
shelf, shall be mounted so that adequate space 1s provided
for replacement and servicing.

10-4 Control Enclosure. The enclosure shall be
mounted in a manner and position to guard it against oil,

dirt, coolant, and dust, and to minimize the possibility of

damage from floor trucks or other moving equipment.

10-5 Clearance in Enclosures and Compartments.

(a) Enclosures or compartments for mounting control
panels shall provide adequate space between panel and
case for wiring and maintenance.

(b) Exposed, nonarcing, bare, live parts within an enclo-
sure or compartment, including conduit fittings, shall have
an air space between them and the uninsulated walls of the
enclosure or compartment, of not less than % in.
(12.7 mm). Where barriers between metal enclosures or
compartments and arcing parts are required, they shall be
of flame-retardant, noncarbonizing insulating materials.

10-6 Machine-Mounted Control Equipment.

(a) Control equipment, such as limit switches, brakes,
solenoids, position sensors, etc., shall be mounted rigidly in
a reasonably dry and clean location, shall be protected
from physical damage, and shall be free from the possibil-
ity of accidental operation by normal machine movements
or by the operator. Such equipment shall be mounted with
sufficient clearance from surrounding surfaces to make its
removal and replacement easy and shall have a suitable
enclosure for the termination of conduit as well as provi-
sions for making electrical connections.

Exception No. 1: A solenoid sealed in an individual oil-filled
container shall be permitted.

Exception No. 2:  Prewired devices, such as limit switches, prox-
imity switches, elc., provided with an identified cable need not be
equupped with prowisions for termination of conduit.

(b) All limit switches or position sensors shall be installed
so that accidental overtravel by the machine will not dam-
age the limit switch or sensor.

(¢) Solenoids for operating devices shall be mounted so
that liquids shall drain away from the electrical component
enclosure.

10-7 Rotary Control Devices. Devices such as potentiom-
eters and selector switches having a rotating member shall
be mounted to prevent rotation of the stationary member.
Friction alone is not sufficient.

Chapter 11 Operator’s Control Stations and
Equipment

11-1 Pushbuttons, Selector Switches, Indicating Lights.

(a) All pushbutton and selector switch operators, indi-
cating (pilot) lights, and illuminated pushbuttons shall be
of the oiltight type.

Exception:  Machines identified for the environment.

(b) Pushbutton operators, indicating (pilot) light lenses,
and illuminated pushbutton lenses shall be color coded in
accordance with Table 11-1.

1. The color RED shall be used for Stop, Emergency
Stop, or Off operators only.

2. The preferred color of Start or On operators is
GREEN, except that BLACK, WHITE, or GRAY shall be
permitted.
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3. Pushbuttons that, when pressed, act alternately as
Start and Stop or On and Off shall be BLACK, WHITE, or
GRAY. RED or GREEN shall not be used.

4. 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 prefer-
ence for BLACK.

5. 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.

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

(c) Emergency pushbutton operators shall be of the
palm or mushroom type.

(d) Pushbutton operators used to initiate a stop function
shall be of the extended operator or mushroom head types.

(e) Pushbutton operators used to initiate a start function
or movement of machine elements (shdes, spindles, carri-
ers, etc.) shall be constructed or mounted to minimize
inadvertent operation.

Exception:  Mushroom-type operators shall be permitted to initiate
start functions when installed in accordance with Section 7-17.

11-2 Emergency Stop Controls.

(a) Emergency stop pushbuttons shall be located at each
operator control station and at other operating stations
where emergency shutdown shall be required.

(b) Stop and emergency stop pushbuttons shall be con-
tinuously operable from all control and operating stations
where located.

11-3 Foot-Operated Switches.

(a) Foot-operated switches shall be protected to prevent
accidental actuation by falling or moving objects and from
unintended operation by accidental stepping onto the
switch.

11-4 Control Station Enclosures. All operator control
station enclosures shall be dusttight, moisturetight, and

oiltight.

Exception:  Non-oltight control station enclosures shall be per-
nitted on machines where switable for the environment.

11-5 Arrangement of Control Station Components. 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
pushbuttons on punch presses.

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

11-6 Legends. A legend shall be provided for each con-
trol station component to identify its function and shall be
located so that it can be read easily by the equipment oper-
ator from the normal operator position. The legends shall
be durable and suitable for the operating environment.
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Table 11-1 Color Coding for Pushbuttons, Indicator (Pilot)
Lights, and Illuminated Pushbuttons.

Color  Device Type Typical Function Examples

RED Pushbutton  Emergency Stop,
Stop, Oft

Emergency Stop button,
Master Stop button, Stop
()i 0ne or more motors.

Pilot Light Danger or alarm, Indication that a protec-
abnormal condition  tive device has stopped the
requiring immediate machine, e.g., overload.

attention

Machine stalled because of
overload, etc. (use of RED
tluminated pushbutton
shall not be permitted for
emergency stop).

Hlumnated
Pushbutton

YELLOW Pushbutton  Return, Emergency  Return of machine ele-

(AMBER) Return, Inter- ments to safe position,
vention—suppress override other functions
abnormal conditions previously selected. Avoid

unwzmch changes.
Pilot Light Attention, caution/  Automatic cyclc or motors
margmal condition.  running; some value (pres-
Change or impend-  sure, temperature) is
ing change of condi- approaching its permissible
tions limit. Ground fault indica-
tion. Overload that 1s per-
niitted for a limited time.
[Numinated  Attention or Some value (pressure,
Pushbutton  caution/Start of an  temperature) is approach-
operation intended g its permissible limie,
1o avoid dangerous  pressing button ro over-
conditions ride other functions previ-
ously selected.

GREEN  Pushbutton  Start-On General or machine start;
start of cycle or partial
sequence; start of one or
more motors; start of aux-
iliary sequence; energize
control circuits.

Pilot Light  Machine Ready: Indication of safe condi-
Safety non or authorizauon to
proceed. Machine ready
or operaton with all con-
ditions normal or cvele
complete and machine
ready to be restarted.
Hlummated  Machine or Unit Start or On after author-
Pushbutton  ready for operation/  zation by light; start of one
Start or On or more motors for auxil-
rary funcuons; start or
energization of machine
clements.

BLACK  Pushbutton  No specific function  Shall be permitted to be

assigned used for any funcuon
except for buttons with the
sole function of Stop or
Oft, inching or jogging.

WHITE  Pushbutton  Any function not Control of auxiliary func-

or covered by the tions not directly related

CLEAR above to the working cycles.

Pilot Light Normal Condiuon  Normal pressure, tempera-
Confirmation ture.

[luminated  Confirmation that o Energizing of auxiliary

Pushbutton  circuit has been function or arcuit not
energized or func- related to the working
tion or movement of cycle: start or presclcclmn
the machine has of direction of feed motion
been started/Start- or speeds.
On, or any preselec-
ton of a function

BLUE Pushbutton,  Any function not
or Pilot Light,  covered by the

GRAY or Hlumi-
nated Push-
button

above colors

For illuminated pushbuttons the function(s) of the hight is separated from
the funcuon(s) of the button by a virgule (/).
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11-7 Location of Control Stations.

(a) All stations shall be mounted in locations that will
minimize exposure to oil, coolant, and other contaminants.

(b) Controls shall be within normal reach of the
machine operator and shall be so placed that the operator
does not have to reach past spindles or other moving parts.

(c) Controls shall be located so that unintentional oper-
ation by normal movement of the machine, operator, or
work will be unlikely.

11-8 Pendant Stations.

(a) Pendant operator control station enclosures shall be
otlught.

(b) A wobble stick or rod operator at the bottom of the
station shall be permitted for Emergency Stop controls.

(c) Pendant pushbutton stations shall be supported by
suitable means other than the flexible electrical conduit or
multiconductor cable.

(d) Grounding and bonding shall comply with Sections
17-2, 17-3, 17-4, and 17-6.

Chapter 12 Accessories and Lighting

12-1 Attachment Plugs and Receptacles External to the
Control Enclosure.

(a) Attachment plug and receptacles shall be listed for
the applied voltage and shall be of the locking type where
rated greater than 20 amps. Where used on 300 volts or
more, they shall be skirted and constructed to contain any
arc generated when a connection is made or broken.

(b) Attachment plugs and receptacles shall be provided
with a grounding pole and so constructed that the ground-
ing pole is made before any current-carrying poles are

made, and is not broken until all current-carrying poles of

the attachment plug have been disconnected. A grounding
pole shall not be used as a current-carrying part.

(c) Attachment plugs and receptacles shall be designed
to prevent the entrance of oil or moisture when in the
operating position. Means shall be provided to cover the
receptacle when the plug is removed.

Exception:  Where temperatuves requirve the use of high-
temperature attachment plugs and receptacles.
12-2 Receptacles Internal to the Control Enclosure.

(a) Receptacles internal to the control enclosure shall be
permitted only for the following:

1. Maintenance equipment.

2. AC power distribution within the enclosure to
electronic assemblies designed and approved for cord and
plug connection.

(b) Receptacles shall be of the parallel-blade grounding-
type rated 125 volts, 15 amperes.

{c) Receptacles shall be supplied from a 120-volt ac
source and shall have overcurrent protection not exceed-
ing 15 amperes.

(d) Receptacles for maintenance equipment shall be sep-
arate from receptacles for other purposes and shall have
individual overcurrent protection not exceeding 15
amperes.

(e) The source of power shall be the equipment control
transformer, a separate isolating transformer, or, in the
case of receptacles for maintenance equipment only, one of
the maintenance lighting circuits permitted in 12-3(b)3 and
12-3(b)5.

() The receptacles shall not be accessible when the
equipment doors or covers are in the closed position.

12-3 Control Panel, Instrument, and Machine Work
Lights.

(a) The lighting circuit voltage shall not exceed 150 volts
between conductors.

(b) Lights shall be supplied from one of the following
sources:

1. A separate isolating transformer connected to the
load side of the machine disconnecting means. Overcur-
rent protection shall be provided in the secondary circuit.

2. A grounded 120-volt machine control circuit with
separate overcurrent protection for the lighting circuit.

3. The plant lighting circuit shall be permitted for
the supply of a maintenance lighting circuit in control
enclosures only.

4. Where the motor(s) on the machine totals two
horsepower or less, it shall be permitted to connect the
machine work light to the plant lighting circuit.

5. A separate isolating transtormer connected to the
line side of the machine disconnecting means shall be per-
mitted for the supply of a maintenance lighting circuit in
control enclosures only.

6. The line side of the main disconnecting means
where a separate primary disconnecting means, isolating
transformer, and secondary overcurrent protection are
furnished in an enclosure and mounted within the control
enclosure, adjacent to the main disconnecting means.

(¢) The conductors to stationary lights used as an inte-
gral part of the machine shall be Type MTW, and the con-
ductors within the fixtures shall be not smaller than No. 18
AWG.

(d) Flexible cords shall be Type SO, STO, STOW, or
SJO, SJOW, SJTO and shall not incorporate in-line

switches.

(e} Grounding shall comply with the provisions of Sec-
tion 17-8.

(f) Machine work lights shall not contain switches or
receptacles where exposed to hquids or condensing mists
unless identified for the purpose.

(g) Stroboscopic effects from lights shall be avoided.

{h) Reflectors and protectors shall be supported by a
bracket and not the lampholder.
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Chapter 13 Conductors

13-1 General.

(a) These requirements cover thermoplastic Type
MTW, THHN, THW, and THWN 600-V wires and cables
as specified in NFPA 70, Natwonal Electrical Code, 1987 edi-
tion, UL 1063-1990, Machine-Tool Wires and Cables, and
ASTM Standards B 8-86, Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or Soft, B 33-81 (R-1985),
Tinned Soft or Annealed Copper Wire for Electrical Purposes, B
174-71 (R-1985), Bunch-Stranded Copper Conductors for Elec-
trical Conductors, and B 286-89, Copper Conductors for Use in
Hookup Wire for Electronic Equipment. The insulation and the
finished wires and cables shall be suitably flame retardant
and have temperature limits and characteristics as listed
below:

1. MTW-—Moisture-, Heat-, and Oil-Resistant Ther-
moplastic
60°C (140°F) Wet Locations
90°C (194°F) Dry Locations

2. THHN-—Heat-Resistant Thermoplastic
90°C (194°F) Dry Locations

3. THW—Moisture- and Heat-Resistant Thermoplastic
75°C (167°F) Dry and Wet Locations

4.  THWN—Moisture- and Heat-Resistant Thermoplastic
75°C (167°F) Dry and Wet Locations

(b) Multiconductor flexible cords, Type SO, STO,
STOW or SJO, SJOW, SJTO, shall be permitted.

(c) Mineral-insulated (metal-sheathed) cable, Type MI,
shall be permitted. Temperature range—85°C (185°F) Dry
and Wet Locations.

13-2 Conductors.

(a) Conductors of AWG sizes 22 through 4/0 and MCM
sizes 250 through 1000 shall be only of stranded soft-
annealed copper. Conductor cross-sectional area, dc resis-
tance, and stranding is listed in Table 13-2(a).

Table 13-2(a) Single Conductor Characteristics

Cross-Sectional Area DC Resistance Minimum Number
Size Nominal at 25°C Stranding (ASTM Class) Constant Flex
(AWG/kcmil) (CM/mm’) (ohms/1000 ft) Nonflexing Flexing (ASTM Class/AWG Size)
22AWG 640/0.324 17.2 7¢" 7(") 19(M/34)
20 1020/0.519 10.7 10(K) 10(K) 26(M/34)
18 1620/0.823 6.77 16(K) 16(K) 41(M/34)
16 2580/1.31 4.26 19(C) 26(K) 65(M/34)
14 4110/2.08 2.683 19(C) 41(K) 41(K/30)
12 6530/3.31 1.68 19(C) 65(K) 65(K/30)
10 10380/5.261 1.060 19(C) 104(K) 104(K/30)
8 16510/8.367 0.6663 19(C) N (-)
6 26240/13.30 0.4192 19(C) N (-)
4 41740/21.15 0.2636 19(C) I\ )
3 52620/26.67 0.2091 1HC) ) ()
2 66360/33.62 0.1659 19(C) N -)
1 83690/42.41 0.1315 19(B) M ()
1/0 105600/53.49 0.1042 19(B) N (-)
2/0 133100/67.43 0.08267 19(B) N (-)
3/0 167800/85.01 0.06658 19(B) ) (-)
4/0 211600/107.2 0.05200 19(B) 0\ -)
250kemil /127 0.04401 37(B) \ -)
300 /152 0.03667 37(B) ] -)
350 /177 0.05144 37(B) I\ (-)
400 /203 0.02751 37(B) N -
450 /228 0.02445 37(B) () -)
500 /253 0.02200 37(B) N\ -)
550 /279 0.02000 61(B) N -)
600 /304 0.01834 61(B) N -)
650 /329 0.01692 61(B) \ )
700 /355 0.01572 61(B) N (-)
750 /380 0.01467 61(B) N (-)
800 /405 0.01375 61(B) I\ (-)
900 /456 0.01222 61(B) v (-)
1000 /507 0.01101 61(B) N (-)

(A, B)  ASTM Class Designation B and C per ASTM B 8-86.
(K)  Class Designanon K per ASTM B 174-71 (R-1980).

(") A class designation has not been assigned to this conductor, but it 15 designated as size 22-7 m ASTM B 286-74 (R-1979) and is composed of strands 10 mils

m diameter (No. 30 AWG).
() Nonflexing construction shall be permitted for Hexing service.
(-)  Constant flexing cables not constructed in these sizes.
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Exception No. 1: Conductors with insulation characteristics con-

sistent with the provisions of this chapter but with stranding other

than that specified in Table 13-2(a) shall be permitted on individ-
wal devices that are purchased completely wived (i.e., motor start-
ers, elc.).

Exception No. 2: Conductors subject to temperatures, voltages,
environmental conditions, or flexing exceeding the ratings listed in
this chapter shall have suitable characteristics.

(b) Where constant flexing service is required, conduc-
tor stranding shall conform to Table 13-2(a).

(¢) Solid conductors AWG 24-30 of soft-annealed copper
shall be permitted for use within control enclosures when
not subject to flexing.

(d) Printed wire assemblies of flame-retardant material
shall be permitted in place of conductor assemblies pro-
vided they are within control enclosures and are mounted
in such a way to minimize flexing or stress.

(e) Shielded conductors shall consist of stranded,
annealed copper of 25 AWG or larger for single conduc-
tors used in subassemblies and 22 AWG or larger ftor all
other uses. The conductors shall be in accordance with
Tables 13-2(a) and 13-4(¢) and shall have a metallic shield
and an oil- and moisture-resistant outer covering such as
vinyl plastic.

() Special conductors such as RG-/U transmission cable
shall be permitted where necessary for the proper func-
tioning of the equipment.

13-3 Conductor Sizing.

Conductors shall not be smaller than:
(2) POWET CIFCURLS Lovvviiiiiiieee oo eeceeeieiieeeeeivees No. 14

(b) Lighting and control circuits on the machine and in

PACEWAYS covvi ettt No. 16

Exception:  In a jucketed. multiconductor cable assembly, No. 18
shall be permitied.

(¢) Control circuits within control enclosures or opera-
LOT SEALIOTIS L.oiiivtiiiiiiiit i e eae e s e e ee e e e et neeeaaeees No. I8

(d) Electrontc programmable Control 1/O; and static
control:

(1) Conductors in raceways ... No. 24

Exception:  In « jacketed, multiconductor cable assembly, No. 30
or larger shall be permitted.

(2) Conductors within control enclosures....... No. 26

Exception:  For jumpers and special wiring applications (e.g.,
solderless wrap or wire-chp type connections or shielded conduc-
tors), conductors No. 30 or larger shall be permitted.

13-4 Wire Insulation.

(@) Where “thermoplastic™ or “PVC’™ appears in this
standard, the intention is to designate a synthesized com-
pound whose characteristic constituent is polyvinyl chlo-
ride or a copolymer of vinyl chloride or vinyl acetate. Every
wire requiring insulation and intended for use as a single
conductor or in a cable shall be insulated for its entire length
with properly compounded homogeneous PVC material.

(b) The color of the insulation shall be solid, or it shall
have one or more stripes of different colors.

(c) The average and the minimum thickness of the insu-
lation in constructions A and B shall be in accordance with
Table 13-4(c).

(d) Construction B shall have a nylon jacket applied
directly over the insulation. The jacket shall be snug on the
insulation and shall be at least as thick as indicated in Table
13-4(c).

(e) Wire insulation shall be identified and adequate for
the voltage on that conductor. Where the conductors are run
with or adjacent to other conductors, all conductors shall
have insulation rated for the maximum voltage involved.

Exception:  Bare conductors such as capacitor or resistor leads,

Jumpers between terminals, etc., shall be permitted where the

method of securing provides electrical clearance.

Table 13-4(c) Single Conductor Insulation
Thickness of Insulation
In Mils*
[Average/Minimum (Jacket)]

Wire Size A B
20AWG 30/27 15/13(4)
20 30/27 15/13(4)
18 30/27 15/13(4)
16 30/27 15/13(4)
14 30/27 15/13(4)
19 30/27 15/13(4)
10 30/27 20/18(4)
8 15/40 30/27(5)
6 60/54 30/27(5)
1.9 60754 40/36(6)
1-4/0 80/72 50/45(7)
250-500MCM 95/86 60/54(8)
550-1000 110/99 70/63(9)

(*y UL 1063 Table 1.1 NEC Construction
A-No outer covermg
B-Nylon covering

13-5 Conductor Ampacity.

(a) The continuous current carried by conductors shall
not exceed the values given in Table 13-5(a).

(b) Motor circuit conductors shall have an ampacity not
less than 125 percent of the full-load current rating of the
highest rated motor in the group plus the sum of the full-
load current ratings of all other connected motors and
apparatus in the group that may be in operation at the
same time.

(¢) Combined load conductors shall have an ampacity
not less than 125 percent of the full-load current rating of
all resistance heating loads plus 125 percent of the tull-load
current rating of the highest rated motor plus the sum of
the full-load current ratings of all other connected motors
and apparatus that may be in operation at the same time.

(d) The maximum size of a conductor selected from
Table 13-5(a) and connected to a motor controller shall not
exceed the values given in Table 13-5(d).

Exception:  Where other motor controllers are used, the maxvnum
conductor size shall not exceed that specified by the manufachurer.
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Table 13-5(a) Conductor Ampacity Based on
Copper Conductors with 60°C and 75°C Insulation
in an Ambient Temperature of 30°C

Ampacity In
Conductor Size AWG  Cable or Raceway  Control Enclosure

60°C 75°C 60°Ct

30 — 0.5 0.5

28 — 0.8 0.8
26 — 1 1
24 2 2 2
22 3 3 3
20 5 5 5
18 7 7 7
16 10 10 10
14 15 15 20
12 20 20 25
10 30 30 40
8 40 50 60
6 55 65 80
4 70 35 105
3 85 100 120
2 95 115 140
1 110 130 165
0 125 150 195
2/0 145 175 225
3/0 165 200 260
40 195 230 300
250 215 255 340
300 240 285 375
350 260 310 420
400 280 335 455
500 320 380 515
600 355 420 575
700 385 460 630
750 400 475 655
800 410 490 680
900 435 520 730
1000 455 545 780

7 Sizing of conductors m wiring harnesses or wiring channels shall be
based on the ampacity for cables.

NOTE 1 Wire types listed in Secuon 13-1 shall be permitted o be used at
the ampaciies as hsted in this table

NOTE 2° For ambient temperatures other than 30°C, see NEC Table
310-16 correction factors.

NOTE 3: The sources tor the ampacities m this table are Table 310-16 and
310-17 of the NVEC.

Table 13-5(d) Maximum Conductor Size for
Given Motor Controller Size*

Maximum Conductor Size

Motor Controller Size AWG or MCM
00 14
0 10
1 8
2 4
3 0
4 000
) 500

*See ANSINEMA [CS 2-1983 Table 2, 110-1,

13-6 Wire Markings.

(a) A durable legend printed on the outer surface of the

insulation of construction A, on the outer surface of the

nylon jacket of construction B, on the outer surface of the
insulation under the jacket of construction B (only if clearly
legible through the nylon), or on the outer surtace of the
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jacket of a multiconductor cable shall be repeated at inter-
vals of no more than 24 in. (610 mm) throughout the
length of the single-conductor or the multiconductor cable.

Exception:  Size smaller than Number 18 shall be permitted to be
marked on the reel or smallest unit of shipping carton.

(b) The legend shall include the manufacturer’s name or
trademark, the wire, type, voltage rating, and gage or size.

(¢) Where the conductor size is AWG 16-10 and the
stranding is intended for flexing service, the legend shall
include “flexing” or “Class K.”

Chapter 14 Wiring Methods and Practices

14-1 General Requirements.

(a) Conductors shall be identified at each termination to
correspond with the identification on the diagrams and
shall be color coded as follows:

BLACK—Line. load, and control circuits at line voltage.
RED—AC control circuits, at less than line voltage.
BLUE—DC control circuits.

YELLOW —Interlock control circuits supplied from an
external power source.

NOTE: The international and European standards
require the use of the color ORANGE for this purpose. (See
TEC 204-1 for specific requirements.)

GREEN (with or without one or more yellow stripes)—
Equipment grounding conductor where insulated or covered.

NOTE: The international and European standards
require the use of the bicolor GREEN-AND-YELLOW for
this purpose. (See [EC 204-1 for specific requirements.)

WHITE or NATURAL GRAY—Grounded circuit con-
ductor.

NOTE: The international and European standards
require the use of the color LIGHT BLUE for this purpose.
(See TEC 204-1 for specific requarements.)

Exception No. 1: Internal wiring on mdividual devices pur-
chased completely wired.

Exception No. 2: Where insulation is used that is not available
in the colors required.

Exception No. 3: Where multiconductor cable is used.

Exception No. 4: Conductors used to connect electronic, preci-
ston, static, or similar devices or panels.

Exception No. 5: Where local conditions require that the control
circuit be grounded, it shall be sufficient to use a green (with or
without one or more yellow stripes) or a bare conductor from the
transformer terminal o a grounding terminal on the control panel.
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Exception No. 6:  Additional colors shall be permitted to be used
to facilitate dentification between control panels and devices on
the equipment; however, black shall be used for all wiring at line
voltage.

{b) Conductors and cables shall be run without splices
from terminal to terminal.

Exception:  Splices shall be permitted to leads attached to elecin-
cal equipment, such as motors and solenoids, and shall be insu-
lated with oil-resistant electrical tape or insulation equivalent to
that of the conductors.

(¢) Terminals on terminal blocks shall be plainly ident-
fied to correspond with markings on the diagrams.

(d) Shielded conductors shall be so terminated to pre-
vent fraying of strands and to permit easy disconnection.

(e) Identification tags shall be made of oil-resistant
material. Where wrap-type adhesive strips are used, they

shall be of a length not less than twice the circumterence of

the wire. Sleeve-type tags shall be applied so they will not
slip off the wire.

(f) Terminal blocks shall be wired and mounted so the
internal and external wiring does not cross over the termi-
nals. Not more than two conductors shall be terminated at
each terminal connection.

Exception:  More than two conductors shall be permtted where
the terminal is identified.

14-2 Panel Wiring.

(a) Panel conductors shall be supported where neces-
sary to keep them in place. Wiring channels shall be per-
mitted where made of a {flame-retardant insulating mate-
rial.

(b) Where back-connected control panels are used,
access doors or swingout panels that swing about a vertical
axis shall be provided.

(¢) Multiple-device control panels shall be equipped
with terminal blocks or with attachment plugs and recepta-
cles for all outgoing control conductors.

14-3 Machine Wiring.

(a) Conductors and their connections external to the
control panel enclosure shall be totally enclosed in suitable
raceways or enclosures as described in Chapter 15, unless
otherwise permitted in this section.

(b) Fittings used with raceways or multiconductor cable
shall be liquidtight.

Exception:  Liquidtght fittings shall not be required where flexi-
ble metal conduit 1s permitted by Exception to Section 14-3(d).

(¢) Liquidtght flexible conduit or multiconductor cable
shall be used where necessary to employ flexible connec-
tions to pendant pushbutton stations. The weight of pen-
dant stations shall be supported by chains or wire rope
external to the flexible conduit or multiconductor cable.

(d) Liquidtight flexible conduit or multiconductor cable
shall be used for connections involving small or infrequent
movements. They shall also be permitted to complete the
connection to normally stattonary motors, limit switches,
and other externally mounted devices.

Exception:  Where subjected to temperatures exceeding the limls

Sor hquidtight flexible metal condwat, flexible metal condwt shall be

permitted.

(e) Connections to frequently moving parts shall be
made with conductors for flexing service as shown in Table
13-2(a). Flexible cable and conduit shall have vertical con-
nections and shall be installed to avoid excessive flexing
and straining.

Exception:  Hovizontal connections shall be permitted where the

flextble cable or conduit is adequalely supported.

() Where flexible conduit or cable is adjacent to moving
parts, the construction and the supporting means shall
prevent damage to the flexible conduit or cable under all
conditions of operation.

Exception:  Prewired devices such as limit: swilches, proximity
switches, etc., provided with an identified cable need not be
equipped with provisions for termination of condwit.

(g) All conductors of any ac circuit shall be contained in
the same raceway.

(h) Conductors connected in ac circuits and conductors
connected in dc circuits shall be permitted in the same
raceway regardless of voltage, provided they are all insu-
lated for the maximum voltage of any conductor in the
raceway.

(i} Connection through a polarized grounding-type
attachment plug and receptacle shall be permitted where
equipment is removable. The male plug shall be connected
to the load circuit.

(j) Where construction is such that wiring must be dis-
connected for shipment, terminal blocks in an accessible
enclosure or attachment plugs and receptacles shall be pro-
vided at the sectional points.

(k) The installation of flexible conduit and cable shall be
such that liquids will drain away from the fittings.

(I) Where liquidtight flexible metal conduit is used for
flexible applications, fittings shall be identified.

14-4 Wire Connectors and Connections.

(a) Pressure connectors shall be used to connect conduc-
tors to devices with lug-type terminals that are not
equipped with saddle straps or equivalent means of retain-
g conductor strands.

Exception No. 1: Solder connections shall be permutted to he used
within the protective shell of « plug or receptacle and for internal
connections of a subassembly that can be vemoved for bench service
[see Section 14-4(h)].

Exception No. 2: - Wive-wrapped connections shall be permitted to
be used where corcumstances permit and wheve applied by use of a
tool specifically recommended for the purpose.

(b) Soldered connections shall conform to the following:

1. For manually soldered connections, rosin shall be
used as flux.

2. Where printed circuit boards or other component
assemblies are dip or wave soldered, special fluxes shall be
permitted to be used following techniques developed spe-
cificallv for these methods of fabrication.
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3. All parts shall be pretinned before soldering
unless the part is specifically plated to ensure a good solder
joint (e.g., MS-type connectors having gold-plated contacts).

4. Each soldered connection shall be made with the
least amount of solder that will assure a secure, high-
conductivity connection.

5. Insulation shall not be damaged by soldering.

6. Components that may be damaged by heat shall
be suitably shielded from heat during soldering.

Chapter 15 Raceways, Junction Boxes,
and Pull Boxes

15-1 General Requirements.

(a) All sharp edges, flash, burrs, rough surfaces, or
threads with which the insulation of the conductors may
come in contact shall be removed from raceways and fit-
tings. Where necessary, additional protection consisting of
a flame-retardant, oil-resistant insulating material shall be
provided to protect conductor insulation.

(b) Drain holes of V4 in. (6.4 mm) shall be permitted in
raceways, junction boxes, and pull boxes subject to accu-
mulations of o1l or moisture.

NOTE: Raceways and junction boxes are provided for
mechanical protection only. See Chapter 17 for acceptable
means of equipment grounding.

15-2 Percent Fill of Raceways. The combined cross-
sectional area of all conductors and cables shall not exceed
50 percent of the interior cross-sectional area of the race-
way. The fill provisions shall be based on the actual dimen-
sions of the conductors or cables used.

15-3 Rigid Metal Conduit and Fittings.

(a) Rigid metal conduit and fittings shall be of galva-
nized steel, meeting the requirements of ANSI Standards
C80.1-1983, Specification for Rigid Steel Conduit, Zinc Coaled,
and ANSI/NEMA FB 1-1983 (Rev. Sept. 1984), Futtings and
Supports for Condwit and Cable Assemblies, or of a corrosion-
resistant material suitable for the conditions. Dissimilar
metals in contact that would cause galvanic action shall not
be used. Conduit shall be protected against corrosion
except at the threaded joints.

Exception:  Threads at joints shall be permitted to be coated with
an identified electrically conductive compound.

(b) Conduit smaller than 4-in. electrical trade size shall
not be used.

(c) Conduit shall be securely held in place and sup-
ported at each end.

(d) Fittings shall be threaded unless structural difhcul-
ties prevent assembly. Where threadless fittings must be
used, conduit shall be securely fastened to the equipment.

(e) Running threads shall not be used.

(f) Where conduit enters a box or enclosure, a bushing
or fitting providing a smoothly rounded insulating surface
shall be installed to protect the conductors from abrasion,
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unless the design of the box or enclosure is such to afford
equivalent protection. Where conduit bushings are con-
structed wholly of insulating material, a locknut shall be
provided both inside and outside the enclosure to which
the conduit is attached.

Exception:  Where threaded hubs or bosses that are an integral
part of an enclosure provide a smoothly rounded or flared entry for
conductors.

(g) Conduit bends shall be so made that the conduit will
not be injured and the internal diameter of the conduit will
not be eftectively reduced. The radius of the curve of any
field bend shall be not less than shown in Table 15-3(g).

Table 15-3(g) Minimum Radius of Conduit Bends

Size of Conduit Radius of Bend Done Radius of Bend Done

(In.) by Hand (In.)" by Machine (In.)?
Va 4 4
Y4 5 41/

1 6 X4
1y 8 Vi
1V 10 141

2 12 914

24 15 10t
3 18 13

34 2] 15
4 24 16

414 27 20
5 30 24
6 36 30

For SI unus: (Radius) 1in. = 254 mim.

NOTE 1: For ficld bends done by hand, the radius is measured to the
mner edge of the bend.

NOTE 2: For a single-operation (one-shot) bendimg machine designed for
the purpose, the radius is measured to the center ine of the conduit.

(h) A run of conduit shall contain not more than the
equivalent of four quarter bends (360 degrees, total).

15-4 Intermediate Metal Conduit. Intermediate metal
(steel) conduit shall be permitted and shall be installed in
conformance with the provisions of Sections 15-3(b)
through (h).

15-5 Electrical Metallic Tubing. Electrical metallic
(steel) tubing shall be permitted and shall be installed in
conformance with the provisions of Sections 15-3(b)
through (h).

15-6 Schedule 80 Rigid Nonmetallic Conduit

(a) Rigid nonmetallic conduit Schedule 80 and fittings
shall be listed.

(b) Conduit smaller than V4-in. electrical trade size shall
not be used.

(¢) Conduit shall be securely held in place and sup-
ported as follows:
Maximum Spacing

Conduit Size (In.) Between Supports (Ft)

141 3
1/-2 5
21A-3 6
RLZE) 7

6 8
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In addition, conduit shall be securely fastened within 3 ft
(914 mm) of each box, enclosure, or other conduit termina-
tion.

(d) Expansion fittings shall be installed to compensate
for thermal expansion and contraction. (Table 10, Chapter
9, NEC, 1990 edition.)

(e) Where a conduit enters a box or other fitting. a
bushing or adaptor shall be provided to protect the wire
from abrasion unless the design of the box or fitting is such
as to provide equivalent protection.

(H) Conduit bends shall be so made that the conduit will
not be injured and the internal diameter of the conduit will
not be eftectively reduced. The radius of the curve of any
field bend shall be not less than shown in Table 15-3(g).

(g) A run of conduit shall contain not more than the
equivalent of four quarter bends (360 degrees, total).

(h) All joints between lengths of conduit, and between
conduit and couplings, fittings, and boxes, shall be made
with fittings designed for the purpose.

15-7 Liquidtight Flexible Metal Conduit and Fittings.

(a) Liquidtight flexible metal conduit shall consist of an
oil-resistant, liquidught jacket or lining in combination
with flexible metal reinforcing tubing.

(b) Fittings shall be of metal and shall be designed for
use with liquidtight flexible metal conduit.

(c) Liquidtight flexible metal conduit smaller than %-in.
electrical trade size shall not be used.

(d) Liquidtight flexible metal conduit shall be permitted
to be of the extra flexible construction.

(e) Flexible conduit shall be installed in a manner that
liquids will tend to run off the surface instead of draining
toward the fittings.

15-8 Liquidtight Flexible Nonmetallic Conduit and Fittings.

(a) Liquidtight flexible nonmetallic conduit is a raceway
of circular cross section of various types:

1. A smooth, seamless inner core and cover bonded
together and having one or more reinforcement lavers
between the core and cover.

2. A smoother inner surface with integral reinforce-
i . 8
ment within the conduit wall.

3. A corrugated internal and external surface with
or without integral reinforcement within the conduit wall.

This conduit is oil-, water-, and flame-resistant and, with

fittings, is approved for the installation of electrical con-
ductors.

(b) The conduit shall be resistant to kinking and shall

have physical characteristics comparable to the jacket of

multiconductor cable.

(¢) The conduit shall be suitable for use at temperatures
of 80°C in air and 60°C in the presence of water, oil, or
coolant.

(d) Fittings shall be identified for their intended use.

(e) Liquidtight flexible nonmetallic conduit smaller than
Ys-1n. trade size shall not be used.

(f) Flexible conduit shall be installed in such a manner
that liquids will tend to run off the surface instead of drain-
ing toward the fittings.

15-9 Flexible Metal (Nonliquidtight) Conduit and Fittings.

(a) Flexible metal conduit shall consist of flexible metal
tubing or woven wire armor,

(b) Fittings shall be of metal and shall be designed for
use with flexible metal conduit.

(¢) Flexible metal conduit smaller than %s-in. electrical
trade size shall not be permitted.

Exception:  Thermocouples and other sensors.

15-10 Wireways.

(a) Exterior wireways shall be permitted where rigidly
supported and clear of all moving or contaminating por-
tions of the machine.

(b) Metal thickness shall be not less than No. 14 MSG.

{c) Covers shall be shaped to overlap the sides; gaskets
shall be permitted. Covers shall be attached to wireways by
hinges or chains and held closed by means of captive
screws or other suitable fasteners. On horizontal wireways,
the cover shall not be on the bottom.

(d) Where wireway is furnished in sections, the joints
between sections shall fit tightly but need not be gasketed.

(e) Only openings required for wiring or drainage shall
be provided. Wireways shall not have unused knockouts.

15-11 Machine Compartments and Raceways. Compart-
ments or raceways within the column or base of a machine
shall be permitted to enclose conductors, provided the
compartment or raceway is isolated from coolant and oil
reservoirs and is entirely enclosed. Conductors run in
enclosed compartiments and raceways shall be secured and
arranged so they will not be subject to physical damage.

15-12 Junction and Pull Boxes. Junction and pull boxes
shall not have unused knockout or openings and shall be
constructed to exclude such materials as dust, flvings, oil,
and coolant.

15-13 Motor Terminal Boxes. Motor terminal boxes
shall enclose only connections to the motor and motor-
mounted devices, such as brakes, temperature sensors,
plugging switches, or tachometer generators.
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Chapter 16 Motors and Motor Compartments

16-1 Access. Each motor and its associated couplings,
belts, and chains shall be mounted where they are accessi-
ble for maintenance and not subject to damage.

16-2 Mounting Arrangement.

(a) The motor mounting arrangement shall be such that
all motor hold-down bolts can be removed and replaced
and terminal boxes reached. Unless bearings are perma-
nently sealed, provision shall be made for lubricating the
bearings. The motor nameplate shall indicate where per-
manently sealed bearings are used.

(b) Sufficient air circulation shall be provided so that the
motor will not exceed its rated temperature rise at rated
operating conditions.

{(c) All motor-driven couplings, belts, and chains shall be
easily replaceable.

(d) Pulley hubs on belted drives shall not extend beyond
the end of the motor shatft.

16-3 Direction Arrow. Where reverse rotation can pro-
duce an unsafe condition, a direction arrow shall be
installed. The arrow shall be adjacent to the motor and
plainly visible.

16-4 Motor Compartments. Motor compartments shall
be clean, dry, and adequately vented directly to the exte-
rior of the machine. There shall be no opening between
the motor compartment and any other compartment that
does not meet the motor compartment requirements.
Where a conduit or pipe is run into the motor compart-
ment from another compartment not meeting the motor
compartment requirements, any clearance around the con-
duit or pipe shall be sealed.

16-5 Marking on Motors. Motors shall be marked in
accordance with Section 430-7 of NFPA 70, National Electri-
cal Code, 1990 edition.

Chapter 17 Grounded Circuits and
Equipment Grounding

17-1 Genetal. This chapter applies to grounded circuits
and the protective or grounding circuit of the equipment.
The grounding circuit consists of conductors, structural
parts of the electrical equipment and machine, or both,
that are all electrically connected or bonded together at a
common point.

17-2 Grounding Conductors.

(a) Conductors used for grounding and bonding pur-
poses shall be copper. Stipulations on stranding and flex-
ing as outlined in this standard shall apply. [See Section 13-3
and 14-3(f).].

(b) Grounding conductors shall be insulated, covered,
or bare and shall be protected against physical damage.
Insulated or covered grounding conductors shall be iden-
tified with a continuous green color with or without one or
more vellow stripes.
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Exception: It shall be permitted to use other color conductors
provided the insulation or cover is appropriately identified at all
points of access.

(c) The minimum size of the grounding conductor shall
be as shown in Table 17-2(c). Column “A” indicates maxi-
mum rating or setting of the overcurrent device in the cir-
cuit ahead of the equipment.

Table 17-2(c) Size of Grounding Conductors

Column “A”, Amperes Copper Conductor Size, AWG

10 16* or 18*
15 14, 16*, or 18*
20 12, 14%, 16%, or 18*
30 10
10 10
60 10

100 8

200 6

300 4

400 3

500 2

600 1

800 0

1000 2/0

1200 3/0

1600 4/0

*Permutted only in multiconductor cable where connected to portable or
pendant equipment.

(d) [t is permissible to use machine members or struc-
tural parts of the electrical equipment in the grounding
circuit provided that the cross-sectional area of these parts
is at least electrically equivalent to the minimum cross-
sectional area of the copper conductor required.

17-3 Equipment Grounding. The machine and all
exposed, noncurrent-carrying conductive parts, material,
and equipment, including metal mounting panels that are
likely to become energized and are mounted in nonmetal-
lic enclosures, shall be effectively grounded.

17-4 Exclusion of Switching Devices. The grounding
circuit shall not contain any switches or overcurrent pro-
tective devices. Links or plugs in the grounding circuit
shall be permitted if properly labeled or interlocked with
the control circuits.

17-5 Grounding Terminal. The entire grounding circuit
or network shall be interconnected such that a single point
for an external connection will be conductively connected
to all grounded parts. A terminal suitable for connecting
an external grounding conductor shall be provided at this
point.

Exception:  Where an attachment plug and receptacle are used as
the disconnecting means, Section 5-11(f) shall apply.

17-6 Continuity of the Grounding Circuit.

(a) The continuity of the grounding circuit shall be
ensured by effective connections through conductors or
structural members.

(b) Bonding of equipment with bolts or other identified
means shall be permitted where paint and dirt are
removed from the joint surfaces or effectively penetrated.
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(c) Moving machine parts, other than accessories or
attachments, having metal-to-metal bearing surfaces shall
be considered as bonded. Sliding parts separated by a non-
conductive fluid under pressure shall not be considered as
bonded.

(d) Portable, pendant, and resilient mounted equipment
shall be bonded by separate conductors. Where multicon-
ductor cable is used, the bonding conductor shall be
included as one conductor of the cable.

(e) Raceways, wireways, and cable trays shall not be used
as grounding or bonding conductors.

() When a part is removed, the continuity of the
grounding circuit for the remaining parts shall remain
intact.

17-7 Control Circuits. Control circuits shall be permit-
ted to be grounded or ungrounded. Where grounding is
provided, that side of the circuit common to the coils shall
be grounded at the control transformer if alternating cur-
rent or at the power supply terminal if direct current. For
color coding of conductors see Section 14-1(a).

Exception No. 1: Expospd control circuits as permitted by Section
7-2(a), Exception No. 2, shall be grounded.

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

17-8 Lighting Circuits.

(@) One conductor of all machine lighting and mainte-
nance lighting circuits shall be grounded. The grounded
conductor(s) shall be identified with a white or natural gray
insulation.

(b) Where the lighting circuit is supplied by a separate
isolation transformer, the grounding shall occur at the
transformer. Where the equipment maintenance lighting
circuit is supplied directly from the plant lighting circuit,
the grounding shall occur at the grounding terminal.

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

Chapter 18 Electronic Equipment

18-1 General. This chapter applies to all types of elec-
tronic equipment including programmable electronic sys-
tems, subassemblies, printed circuit boards, electronic com-
ponents, and other miscellaneous solid state equipment.

18-2 Basic Requirements.

(a) The provisions of Chapter 3 apply to electronic
equipment.

(b) Subassemblies shall be readily removable for inspec-
tion or replacement.

(c) Transient suppression and isolation shall be pro-
vided where this equipment generates transient or electri-
cal noise that can affect the operation of the equipment.

(d) Power supplies for electronic units that require
memory retention shall have battery back-up of sufficient
capacity to prevent memory loss for a period of at least 72 hr.

(e) Loss of memory contents shall prohibit the initiation
of any hazardous conditions whose operation is dependent
on memory contents.

(f) Outputs controlled by programmable electronic sys-
tems shall be protected from overload and short circuit
conditions (see Section 18-3(b) for grounding requirements).

18-3 Programmable Electronic Systems.

(a) Programmable electronic systems shall be designed
and constructed so that the ability to modify the applica-
tion 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:  For reasons of safety, the manufacturer or suppler
shall be permitted to retain the right not to allow the user to alter
the program.

(b) All input/output racks (remote or local), processor
racks, and power supplies shall be electrically bonded
together and connected to the grounding circuit (see Section
17-2) in accordance with the manufacturer’s specifications.
Where specified by the manufacturer, components and
subassemblies shall be effectively bonded to the grounding
circuit in accordance with the manufacturer's recommen-
dations.

Chapter 19 Referenced Publications

19-1 The following documents or portions thereof are
referenced within this standard and shall be considered
part of the requirements of this document. The edition
indicated for each reference is the current edition as of the
date of the NFPA issuance of this document.

19-2 NFPA Publication. National Fire Protection Associ-
ation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.

NFPA 70, National Electrical Code, 1990 edition

19-3 ANSI Publications. American Natonal Standards
Institute, Inc., 1430 Broadway, New York, NY 10018.

ANSI C80-1-1983. Specification for Rigid Steel Conduit,
Zine Coaled

ANSI C84.1-1982, Voltage Ratings for Electrical Power Sys-
tems and Equipment (60 Hz)

ANSI Y32.2 1982, Graphical Symbols for Electrical and Elec-
tronics Diagrams

19-4 NEMA Publication. National Electrical Manufac-
turers Association, 1201 L Street NW, Washington, DC
20037.

NEMA FB 1-1983 (Rev. Sept. 1984), Fittings and Supports

Jfor Conduit and Cable Asseniblies
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Appendix A Glossary of Terms

This Appendix is not a part of the requivements of this NFPA docu-
ment, but s included for mformation purposes only.

Accessible (As Applied to Equipment). Admitting
close approach: not guarded by locked doors, elevation, or
other effective means. (NFPA 70, National Electrical Code,
1990 edition.)

Accessible, Readily (Readily Accessible). Capable of
being reached quickly for operation, renewal, or inspec-
tions, without requiring those to whom ready access is req-
uisite to climb over or remove obstacles or to resort to por-
table ladders, chairs, etc. (See “Accessible.”) (NFPA 70,
Natiwonal Electrical Code, 1990 edition.)

Actuator (Machine). A power mechanism used to effect
motion.

Adjustable Speed Drives. An electrical device or group
of electrical devices that alters the drive motor output
speed over a range in a controlled manner. This includes
ac and dc voltage modes and frequency mode controls.
Belt, chain, or roller shifting controllers are not included.

Alphanumeric. Pertaining to a character set that con-
tains both letters and digits, but usually some other charac-
ters such as punctuation marks. (ANSI/IEEE Standard No.
100-88.)

Ampacity. The current in amperes a conductor can
carry continuously under the conditions of use without
exceeding its temperature rating. (NFPA 70, National Elec-
trical Code, 1990 edition.)

Attachment Plug (Plug Cap) (Cap). A device that, by
insertion in a receptacle, establishes connection between
the conductors of the attached flexible cord and the con-
ductors connected permanently to the receptacle. (NFPA
70, National Electrical Code, 1990 edition.)

Bonding. The permanent joining of metallic parts to
form an electrically conductive path that will assure electri-
cal continuity and the capacity to conduct safely any cur-
rent likely to be imposed. (NFPA 70, National Electrical
Code, 1990 edition.)

Branch Circuit. The circuit conductors between the
final overcurrent device protecting the circuit and the out-
let(s). (NFPA 70, National Electrical Code, 1990 edition.)

Circuit Breaker. A device designed to open and close a
circuit by nonautomatic means and to open the circuit
automatically on a predetermined overcurrent without
injury to itself when properly applied within its rating.
(NFPA 70, National Electrical Code, 1990 edition.)

Circuit Interrupter. A nonautomatic operated device
designed to open (under abnormal conditions) a current-
carrying circuit without injury to itself.
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Conduit.

Rigid Metal Conduit. A raceway specially constructed for
the purpose of the pulling in or the withdrawing of wires
or cables after the conduit is in place and made of metal pipe
of standard weight and thickness permitting the cutting of
standard threads. (ANSI/IEEE Standard No. 100-1984.)

Intermediate Metal Conduit. A metal raceway of circular
cross section with integral or associated couplings, connec-
tors, and fittings approved for the installation of electrical
conductors. (NFPA 70, Nahwnal Electrical Code, 1990 edition.)

Rigid Nonmetallic Conduit. A type of conduit and fittings
of suitable nonmetallic material that is resistant to moisture
and chemical atmospheres, flame retardant, resistant to
impact and crushing, and resistant to distortion from heat
or low temperatures under conditions likely to be encoun-
tered in service. (NFPA 70, National Electrical Code, 1990
edition.)

Control Circuit. The circuit of a control apparatus or
system that carries the electric signals directing the perfor-
mance of the controller but does not carry the main power
current. (NFPA 70, National Electrical Code, 1990 edition.)

Control Circuit Transformer. A voltage transformer
utilized to supply a voltage suitable for the operation of
control devices. (ANSI/TEEE Standard No. 100-1984.)

Control Circuit Voltage. The voltage provided for the
operation of shunt coil magnetic devices.

Control Compartment. A space within the base. frame,
or column of the machine used for mounting the control
panel. (ANSI/IEEE Standard No. 100-1984.)

Control Enclosure. The housing for the control panel,
whether mounted on the machine or separately mounted.

Controlled Stop. The stopping of machine motion by
reducing the command signal to zero (0) but retaining
power to the machine actuators during the stopping process.

Controller. A device or group of devices that serves to
govern, in some predetermined manner, the electric
power delivered to the apparatus to which it is connected.
For the purpose of this standard, a controller is any switch
or device normally used to start and stop a motor by mak-
ing and breaking the motor circuit current. (NFPA 70,
National Electrical Code, 1990 edition.)

Device. A unit of an electrical system that is intended
to carry but not utilize electric energy. (NFPA 70, National
Electrical Code, 1990 edition.)

Disconnecting Means. A device, or group of devices,
or other means by which the conductors of a circuit can be
disconnected from their source of supply. (NFPA 70,
National Electrical Code, 1990 edition.)

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. (NFPA 70, National Elec-
trical Code, 1990 edition.)
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Dwelling Unit. One or more rooms for the use of one
or more persons as a housekeeping unit with space for eat-
ing, living, and sleeping, and permanent provisions for
cooking and sanitation. (NFPA 70, National Electrical Code,
1990 edition.)

Electric Controller. A device or group of devices that
serves to govern, in some predetermined manner, the elec-
tric power delivered to the apparatus to which it is con-
nected. (ANSI/IEEE Standard No. 100-1984.)

Electromechanical. Applied to any device in which
electrical energy is used to magnetically cause mechanical
movement.

Electronic Control. That part of the electrical equip-
ment containing circuitry whereby conduction of electrons
takes place through a vacuum, gas, or semiconductor sub-
stance.

Equipment. Includes material, fittings, devices, appli-
ances, fixtures, apparatus, and the like used as a part of, or
in connection with, an electrical installation. (NFPA 70,
National Electrical Code, 1990 edition.)

Exposed (As Applied to Live Parts). Capable of being
inadvertently touched or approached nearer than a safe
distance by a person. It is applied to parts not suitably
guarded, 1solated, or insulated. (NFPA 70, National Electri-
cal Code, 1990 edition.)

Feeder. All circuit conductors between the service
equipment or the source of a separately derived system
and the final branch-circuit overcurrent device. (NFPA 70,
National Electrical Code. 1990 edition.)

Flame Retardant. So constructed or treated that it will
not support or convey flame. (ANSI/IEEE Standard No.
100-1984.)

Grounded. Connected to earth or to some conducting
body that serves in place of the earth. (NFPA 70, Naiional
Electrical Code, 1990 edition.)

Grounded Conductor. A system or circuit conductor
that is intentionally grounded. (NFPA 70, National Electrical
Code, 1990 edition.)

Grounding Conductor. A conductor used to connect
equipment or the grounded circuit of a wiring system to a
grounding electrode or electrodes. (NFPA 70, Natiwonal
Electrical Code, 1990 edition.)

Grounding Conductor, Equipment. The conductor
used to connect the noncurrent-carrying metal parts of
equipment, 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 sep-
arately derived system. (NFPA 70, Natwnal Electrical Code,
1990 edition.)

Grounding Electrode Conductor. The conductor used
to connect the grounding electrode to the equipment
grounding conductor, to the grounded conductor, or both,
of the circuit at the service equipment or at the source of a
separately derived system. (NFPA 70. National Electrical
Code, 1990 edition.)

Identified (As Applied to Equipment). Recognizable as
suitable for the specific purpose, function, use, environ-
ment, application, etc., where described in a particular
code requirement. (See “Equipment.”)

NOTE: Suitability of equipment for a specific purpose,
environment, or application may be determined by a quali-
fied testing laboratory, inspection agency, or other organi-
zation concerned with product evaluation. Such identifica-
tion may include labeling or listing. (NFPA 70, National
Electrical Code, 1990 edition.)

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,” etc., of another
equipment, one of the equipments specified is to be visible
and not more than 50 ft (15.24 m) distant from the other.
(NFPA 70, National Electrical Code, 1990 edition.)

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

Interconnected Conductors. Refers to those connec-
tions between subassemblies, panels, chassis, and remotely
mounted devices and does not necessarily apply to internal
connections of these units.

Intermittent Duty. Operation for alternate intervals of
(1) load and no load; or (2) load and rest; or (3) load, no
load, and rest. (NFPA 70, National Electrical Code, 1990 edi-

ton.)

Interrupting Capacity. Interrupting capacity is the
highest current at rated voltage that the device can inter-
I‘Up[.

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. (ANSI/
1EEE Standard No. 100-1984.)

Locked-Rotor Current. The steady-state current taken
from the line with the rotor locked and with rated voltage
(and rated frequency in the case of alternating-current
motors) applied to the motor. (ANSI/IEEE Standard No.
100-1984.)

Moisture Resistant. So constructed or treated that
exposure to a moist atmosphere will not readily cause dam-
age. (ANSI/IEEE Standard No. 100-1984.)

Motor-Circuit Switch. A switch intended for use in a
motor branch circuit.

NOTE: It is rated in horsepower, and it is capable of
interrupting the maximum operating overload current of a
motot of the same rating at the rated voltage. (ANSI/IEEE
Standard No. 100-1984.)

Operating Overload. The overcurrent to which elec-
tric apparatus is subjected during the normal operating
conditions that it may encounter.

NOTE 1:  The maximum operating overload is considered

to be six times normal full-load current for alternating cur-
rent industrial motors and control apparatus; four times
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normal full-load current for direct-current industrial
motors and control apparatus used for reduced-voltage
starting; and ten times normal full-load current for direct-
current industrial motors and control apparatus used for
full-voltage starting.

NOTE 2: 1t should be understood that these overloads are
currents that may persist for a very short time only, usually
a matter of seconds. (ANSI/IEEE Standard No. 100-1984.)

Overcurrent. Any current in excess of the rated cur-
rent of the equipment or the rated ampacity of the conduc-
tor. It may result from overload, short circuit, or ground
fault. (NFPA 70, National Electrical Code, 1990 edition.)

Overload. Operation of equipment in excess of nor-
mal, full-load rating, or of a conductor in excess of rated
ampacity that, when it persists for a sufficient length of
time, would cause damage or dangerous overheating. A
fault, such as a short circuit or a ground fault, is not an
overload. (See “Overcurrent.”) (NFPA 70, National Electrical
Code, 1990 edition.)

Panel. An element of an electric controller consisting
of a slab or plate on which various component parts of the
controller are mounted and wired. (ANSI/IEEE Standard
No. 100-1984.)

Power Wiring. The circuit used for supplying power
from the supply network to equipment or components
used for the productive operation.

NOTE: A motor is one example of equipment or compo-
nent used for productive operation.

Precision Device. A device that will operate within
prescribed limits and will consistently repeat operations
within those limits.

Programmable Electronic System (PES). A system
based on one or more central processing units (CPUs),
connected to sensors or actuators, or both, for the purpose
of control or monitoring.

NOTE: The term PES includes all elements in the system
extending from sensors to other input devices via data
highways or other communication paths to the actuators or
other output devices.

Qualified Person. One familiar with the construction
and operation of the equipment and the hazards involved.
(NFPA 70, National Electrical Code, 1990 edition.)

Raceway. An enclosed channel designed expressly for
holding wires, cables, or busbars, with additional functions
as permitted in this standard.

NOTE: Raceways may be of metal or insulating material,
and the term includes rigid metal conduit, rigid nonmetal-
lic conduit, intermediate metal conduit, liquidtight flexible
metal conduit, liquidught flexible nonmetallic conduit, flex-
ible metallic tubing, flexible metal conduit, electrical non-
metallic tubing, electrical metallic tubing, underfloor race-
ways, cellular concrete floor raceways, cellular metal foor
raceways, surface raceways, wireways, and busways. (NFPA
70, National Electrical Code, 1990 edition.)

1991 Edition

Receptacle. A contact device installed at the outlet for
the connection of a single attachment plug. (NFPA 70,
National Electrical Code, 1990 edition.)

Relay. An electric component designed to interpret
input conditions in a prescribed manner and, after speci-
fied conditions are met, to respond to cause contact oper-
ation or similar abrupt change in associated electric control
circuits.

NOTE 1: Inputs are usually electric but may be mechani-
cal, thermal, or other types. Limit switches and similar
devices are not relays.

NOTE 2: A relay consists of several units, each responsive
to specified inputs, the combination providing the desired
performance characteristic.

Short-Time Rating. The rating defining the load that
can be carried for a short and definitely specified time,
with the machine, apparatus, or device being at approxi-
mately room temperature at the time the load is applied.

Splashproof (Industrial Control). So constructed and
protected that external splashing will not interfere with
successful operation. (ANSI/IEEE Standard No. 100-1984.)

Static Device. A device that has no moving parts, as
associated with electronic and other control or
information-handling circuits.

Subpanel. An assembly of electrical devices connected
together that forms a simple functional unit in itself.

Tight (Suffix). So constructed that the specified mate-
rial is excluded under specified conditions. (ANSI/IEEE
Standard No. 100-1984.)

Undervoltage Protection. The effect of a device that
operates on the reduction or failure of voltage to cause and
maintain the interruption of power.

NOTE: The principal objective of this device is to prevent
automatic restarting of the equipment. Standard undervolt-
age or low-voltage protection devices are not designed to
become effective at any specific degree of voltage reduction.

Ventilated. Provided with a means to permit circula-
tion of air sufficient to remove excess heat, fumes, or
vapors. (NFPA 70, National Electrical Code, 1990 edition.)

Wet Location. Installations underground or in con-
crete slabs or masonry in direct contact with the earth, and
locations subject to saturation with water or other liquids,
such as vehicle washing areas, and locations exposed to
weather and unprotected. (NFPA 70, National Electrical
Code, 1990 edition.)

Wireway. A sheet-metal trough with hinged or remov-
able covers for housing and protecting electric wires and
cable and in which conductors are laid in place after the
wireway has been installed as a complete system. (NFPA
70, National Electrical Code, 1990 edition.)



APPENDIX B/APPENDIX C 79-35

Appendix B Examples of Industrial Machinery Appendix C Graphical Symbols

Covered by NFPA 79

This Appendix is not a part of the requirements of this NFPA docu-

ment, but is included for information purposes only.
B-1 Machine Tools

1. Metal Cutting
2. Metal Forming

B-2 Plastics Machinery

Injection Molding Machines
Extrusion Machinery

Blow Molding Machines
Specialized Processing Machines

Thermoset Molding Machines

S S e

Size Reduction Equipment
B-3 Wood Machinery

1. Woodworking Machinery
2. Laminating Machinery

3. Sawmill Machines
B-4 Assembly Machines
B-5 Material Handling Machines

1. Industrial Robots

2. Transfer Machines
B-6 Inspection/Testing Machines

1. Coordinate Measuring Machines

2. In-Process Gaging Machines

This Appendix 1s not a part of the requivements of this NFPA docu-
ment, but 1s included for mformation purposes only.

C-1 Warning Sign on Enclosures
(Based on 417-IEC-5036)

C-2 Equipment Grounding Terminal
(417-1EC-5019)

C-3 Grounded Terminal
(417-1EC-5017)

C-4 Start or On
(417-1EC-5007)

C-5 Stop or Off
(417-1EC-5008)

C-6 Alternatively Act as Start
and Stop or On and Off
(417-1EC-5010)

C-7 Movement When Pressed
and Stop Movement When
Released (Jogging)

(417-1EC-5011)

SASA®
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Appendix D Sample Electrical Diagrams

This Appendix is not a part of the requirements of this NFPA document, but is included for information purposes only.

ELEMENTARY (SCHEMATIC) DIAGRAM

DIsSC
‘\
1 1 FU
L1o—-o\1\o——m
]
460 V ' 2FU HYDRAULIC
37 LZG—M PUMP MOTOR
60 ~ H 5 HP
3FU
L3 0——0
40 AMP
COOLANT
PUMP MOTOR
1/4 HP
SPINDLE MOTOR
15 HP
8 AMP
F
4Fu 2PB
1PB MOTORS START
P 10L oL oL
MASTER STO ] a 2 3 7 m 2| HYDRAULIC & COOLANT
1 —o Al‘Li \luf \'1‘1. . Y] PUMP MOTOR
STARTER 2
™Moo 2m
2 p—— — } SPINDLE MOTOR
STARTER 2
4
3
3PB SPINDLE START
4 SPINDLESTOP 4 | _4PB 10 L8 11 ™\
4 a 1l o © Q SPINDLE START
~o \e/ 5
1CR SPINDLE DIRECTION 6.9
i LEVER ENGAGED
5 1
1en 12 1S0L 2
. . ENGAGES SPINDLE
6 .-———.{‘ "‘/\r CLUTCH
1PS 13 SET FOR 3SEC /7 DELAYS ENGAGEMENT
7 - w OF FEED CLUTCH 8
'} TR
1TR
o 4 o 14 o N2ser ENGAGES FEED
SPINDLE SPEED CLUTCH
1CR DEC; o g1NC
: 3s0OL
o St S e | o—xlSS '8 ,k/1 INCREASE SPINDLE
! "(SPRING CENTERED) SPEED
] [}
7
10 * o o |r ! N2 21 becrease spinpLE
SPEED
noy Y
4 2

This sample diagram is based on an electromechanical relay logic system. The present state of the art utilizes programmable logic ladder diagrams or computer-generated logic ladder

diagrams.
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Figure D-1.
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PANELS AND CONTROL STATION L AYOUT

ITI 9
573 0 MOTORS SPINDLE
s 3 g 1 START START
[ 1] > 12
™ 3oL v [212 2 v 3 4PB
IM DIsSC ~ 213 ] @ ~[ e
Tl 15
372 6 | o
373 17 = MOTORS SPINDLE
8 STOP sToP
10L IFU 2FU 3FU i 19
: 2 () ()
2 | > 22
ez e
o 3 -
1is2" SQ : o SPINDLE SPEED LUBE
——— " DEC NG| | FAILURE
1Tl
2 —-—::25 MASTER TERMINAL BOX PANEL
T - E 211 ILr
ICR G[z12]>
r— | " [2r3]S
o ATI <
. © 377
91/2 F375 CONTROL STATION
L]
o 2
9 3
1t/2° SQ =N q
S 9
- 10
1]
12
2TR 3TR 3 2
6" — s
o 16
I AMT |5V DESCRIPTION
19 ] PART NO. SHEET|SHEETS JOWG No, Purchasers
912" 2 xvioo  [SHET] I dwg No
P22 | DES-8Y [DET.BY [TITLE
— J4.1.C w.T.
J ! cnecwen sarery]l  SAMPLE ELECTRICAL DIAGRAMS
BY ps {OXpN
OATE |SCALE | PLANT XYZ MACHINE CO
MAIN CONTROL PANEL 8-2-66 DIVISION :

Figure D-2.
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SAMPLE ELECTRICAL DIAGRAMS

SEQUENCE OF OPERATION
A. Machine Operation: press "MOTORS START” pushbutton “ZPB’’. Motors Start.

) 2
SET FOR O MIN
23 ~~~ "7 TTTT—" 1
! A CLUTCH 4 LX 12| LygricaTiON
t V‘ T—] INTERVAL TIMER
1 2TR 1
a Zzi 18 L'_\LY " B ™ : 13 15 16
ACTUATED BY T "oco pziz !
LUBE PRESSURE I - 22
{ 2TR2 1
3! L 2o NOID
LT REEEES ’\, LUBE SOLE
_ IFs 20 14 L2 21 SETFORASSEC /3 2] pELAYS LUBE
® 5‘" LUBE OiL ¢ el \TR/ FAILURE INDICATION
4 3TR LEVEL bwm e 4 - '”‘f;\’ 7
7 L LUBE FAILURE

B Select spindle speed by turning selector switch 1SS to “INC’*, energizing "3 SOL", to increase

or to “DEC", energizing "4 SOL", to decrease setting.

C. With correct spindle direction selected, limit switch T1LS" is actuated. Press "'SPINDLE START"’
pushbutton ““4PB’’ energizing relay ""1CR’" which energizes 1 SOL". Spindle starts and pressure
switch ""1PS” is actuated "“1PS* energizes “1TR" and after a time delay ‘2 SOL" 1s energized

permitting movement of machine elements at selected feed rates.

D Pressing “SPINDLE STOP” pushbutton “3PB" stops spindle and feeds movements simultaneously.

E. Lubrication Operation:

F. Pressure Switch "2PS" Is Closed.
1. Timer ““2TR" clutch 1s energized when motors start.
2. Contact ""2TR-1" cioses and energizes timer maotor “MTR" starting fube timing period.
3. Contact “2TR-3" closes and energizes timer "*3TR".

G Timer “2TR” Times Qut,

1. Contact "2TR-1" opens, deenergizing timer motor “MTR"’,

2 Contact “2TR-2" closes, energizing ‘5 SOL"

3. Contact “2TR-3" opens, deenergizing timer "3TR"",

4. Lubrication pressure actuates pressure switch *'2PS'’, de-energizing and resetting timer
“2TR". Contacts ‘"2TR-1"", 2TR-2" and "'2TR-3" open.

5. Contact "2TR-2" opening, deenergizes ‘'5 SOL"',

H. Reduced lubrication pressure deactuates pressure switch “2PS” and sequence repeats.

SWITCH OPERATION
1LS {4) Actuated by spindle direction lever engaged
1PS (11} Operated when spindle clutch engaged
2PS (13) Operated by normal lube pressure

1FS {16} Operated by adequate lube supply

For panels and control station layout see Sheet 2

For hydraulic diagram see
For lubrication diagram see

Last wire number used 2_2 U\‘
Last relay number used 1CR ‘

Supplier’s dwg. no.

_ A\
Supplier'sname DESC_—

Purchase order no M__

Serial no. of machine TYP 121314

AMT| STM DESCRIPTION

These diagrams used for machine no. PART NO XY 100 ISHZEEYI

SHEZTS [ DWG No Purchosers
dwg Ngo

DES BY | DET BY
Jic wT
CHECKED |SAFETY
8Y g [OX pN

SAMPLE ELECTRICAL DIAGRAMS

DATE SCALE { PLANT
8-2-66 OIVISION

XYZ MACHINE CO.

Figure D-3.



SEQUENCE OF OPERATIONS

WITH MASTER DISCONNECT ON AND SAFETY GUARDS IN PLACE, DPERATOR PRESSES THE MASTER
START BUTTON TO ENERGIZE CRM (MASTER RELAY) (OPERATOR THEN PUSHES 11104PB (HYD MTR START)
ENERGIZING 01213M AND THE HYDRAULIC PUMP

OPERATOR SELECTS MANUAL OPERATION BY PRESSING THE "MANUAL’ PUSHBUTTON

BY PRESSING BOTH THE DUAL CONTROL COMMON PALM BUTTON AND THE APPROPRIATELY MARKED PUSHBUTTON
THE OPERATOR MAY ADVANCE THE SLIDE, RETURN THE SLIDE, UNCLAMP OR POSITION THE SLIDE FOR TOOL
CHANGE THE OPERATOR UNCLAMPS THE PART

OPERATOR SELECTS AUTO MODE BY PRESSING FIRST THE RESET PUSHBUTTON THEN PRESSING THE

PUSHBUTTON MARKED *AUTO"

5 OPERATOR LOADS A PART THEN PRESSES BOTH PALM BUTTDNS (DUAL CONTROL AND CLAMP/CYCLE),

ENERGIZING 01202 QUTPUT AND CLAMPING THE PART

6 CPERATOR RELEASES BOTH BUTTONS THEN PRESSES THEM AGAIN, ENERGIZING 02007 TO START THE CYCLE

7 01211M ENERGIZES, STARTING THE SPINDLE, 01204 HB OUTPUT RELEASES ADVANCING THE SLIDE

8 WITH SLIDE FuLLY ADVANCED, 11004LS IS ACTUATED, ENERGIZING 030 TIMER, OPERATOR MAY NOW

is)
RELEASE THE BUTTONS 030TR TIMES DUT 01204 IS DE ENERGIZED, AND 01205HA ENERGIZES, RETURNING

THE SUIDE UNTIL 11003L5 IS ACTUATED, DE-ENERGIZING 01205
9 01203 ENERGIZES, PART IS UNCLAMPED

10 CYCLE REPEATS FROM STEP 35

11001 LS

e 11002 LS

€0

E2
E3
Ea

ES

LIST OF DRAWINGS

Iws NO

N

1 MTR SWITCH

DESCRIPTION

LINE NUMBER
NO NC

LS
2Ls

U oy

ELE!
MAC|

11004L.S
01207LS
SOL 01212HA 01203HB
\ SOL 01204HA 0120SHB 11002F§

DL 01206HA 01207HB
11085 PS S 1 PB

11003 LS

2 MIR 012134 11017PB

1110SPB

01207 LS

GUARD LIMIT

GUARD LIMIT

DIRTY FILTER ELEMENT
SLIDE RETURNED
SLIDE ADVANCED
TODL CHG O-TRAVEL
HYDRAULIC DIL LEVEL
CLAMP PRESSURE
MASTER STOP

MASTER START
EMERGENCY STOP
RESET

MANUAL

DUAL COMTROL COMMON
CLAMP-CYCLE PALM
UNCLAMP

ADVANCE SLIDE

$TART HYD MASTER
STOP HYD MASTER

215 217
215 218
303
305
305
219 409
304
307
213
212
a1s
308
309
313
314 315
316 317
318
a9
320
351
352
355
35¢

0]

OPERATOR'S

CLAMP-CYCLE- STATION
11013 PB

TITLE
SPECIAL DRILL MACHINE
ELECTRICAL SCHEMATIC

PL_ HARDWARE
ELECTRICAL SCHEMATIC

PC INPUT WIRING DIAGRAM
PC DUTPUT WIRING DIAGRAM

P C DOCUMENTATION

1ddV

a XIAN

uolp3 1664

Figure D-4.
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