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Summary of Topics

This revision of ANSI/UL 508A dated July 28, 2022 reissues the July 21, 2022 revisions to correct
paragraph 1.1 by deleting the second paragraph which was erroneously included.

The topics of the July 21, 2022 revisions are noted below for reference:

« Limit for Ambient Temperature; 1.1, 52.1
e Deletion of Requirements for Elevator Control Panels; 1.2, 1.25, Section 80

¢ Incjude Reference in Scope to UL 67 Regarding Panelboard Construction; 1.12, [1.26,
Appendix A

e Clarification of Branch and Feeder Circuit Spacings; 10.2

* Removal of SIS as an Example of Conductor Type Not Readily Available; 17.3, 11.4

J Cljrification of the Requirements for an Air Outlet,from a Forced Ventilation Sysitem
Located in the Area Occupied by an Operator; 21.2.2, Figure 21.1

» Alignment with NFPA 79 for GFCI for Receptacles; 66.4.4

» Alignment with NFPA 79 and NEC Regarding the Term Used to Indicate the Full-joad
Curnent; 2.26, 28.3.3, 29.6.1, 29.6.2,°31.3.1, Table 31.1, 31.4.1, 31.4.2, 33.2.1, 33.5.1,| Table 33.2,
42.2|3.2, 45.2.1, 49.1, 49.2, 50.1,(Table 50.1, Table 50.2, Table 52.1, 66.5.5, 67.1.1, 99.4.3, 98.1.2

e Clarification of 31.3.3 for 'Self-protected Combination Motor Controllers; 31.3.3
* Migprint in Paragraph 32.3.1
* Revision of Requirements for Feeder Taps for Motor Loads; 32.5.1

* Addition-of Reactors Covered by UL 508; 36.3.1, 36.3.2

* Manual Motor Starters as Overcurrent Protection for Control Transformers; 40.1.6, 40.2.3,
40.3.7

* UPS with Supercapacitors; 47.3.2
e Clarification of Overload Relay Heater Table Marking Requirement; 58.1

e Alternate Enclosure Types; Table 19.2, 62.4, 62.5, 64.3

e Enclosure Access; 66.1.2, 66.1.3, 66.1.3.1, 66.1.3.2, 67.4.2, 67.4.3

* Deletion of Marking Requirement; 67.1.2
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* RFI/EMI Filters Rated Greater Than 400A; Table SB4.1
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* Table SB4.2 Correction of Class RK1 It Let-through Values at 50kA

* SCCR Marking of Required Overcurrent Protective Device; SB4.2.3, SB5.1.1, SB5.1.3
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PART1-G

ENERAL USE INDUSTRIAL CONTROL PANELS

INTRODUCTION

1 Scope

1.1

These requirements cover industrial control panels intended for general industrial use, operating

from a voltage of 1000 volts or less. This equipment is intended for installation in ordinary locations, in
accordance with the National Electrical Code, ANSI/NFPA 70 and where the ambient temperature shall be
between 5°C (41°F) and 40°C (104°F), unless marked with an ambient temperature rating.

1.2 Thesirequirements also cover industrial control panel enclosures and industrial c<1ntro| panels

primarily in
service equ
manageme
machinery
machinery.

electrical equipment for aquatic playgrounds, permanently installed electrical equipment asq

commercia

equipment gssociated with commercial and large residential swimming(ools and in-ground sp

1.3 This ¢
controllers,
such as pu
and control
or containe

1.4 An in
motors, he
wiring diag
mounted r¢
within the in

1.5 An eV
control pan
the require
complete pi

1.6 The ¢
panels are

nded for flame safety supervision of combustible fuel type equipment, crané or
ipment use, marine use, air conditioning and refrigeration equipment, cequipm
ht applications, fountain control, irrigation equipment control, and far.control
ncluding metalworking machine tools, power press controls, and-pfastic injec
Also covered are industrial control panels intended for contrélof permaner

water park rides, wave pools and similar installations, and“permanently install

quipment consists of assemblies of two or more power circuit components, su
overload relays, fused disconnect switches, and circuit breakers, or control circuit

Ehbuttons, pilot lights, selector switches, timers;’and control relays, or a combinat
circuit components, with associated wiring, and terminals. These components are
| within, an enclosure, or are mounted on a.sub-panel.

ustrial control panel does not include an evaluation of the controlled equipm
ters, lighting, and other loads cennected to power circuits. Unless specifically

motely from the panel and:connected via a wiring systems or equipment field in
dustrial control panel.

aluation of the adeguacy of the controls and protective devices contained in
b| for supervision and proper functioning of the controlled loads or equipment is no
ments in thissstandard. Such evaluations are covered by the standards appli
ece of utilization equipment.

valuation of a pre-fabricated building, structure, or platforms supplied with indu
not'covered by the requirements in this standard.

oist control,
ent for load
of industrial
ion molding
tly installed
ociated with
ed electrical
as.

ch as motor
omponents,
on of power
mounted on,

ent such as
oted on the

am of the industrial control.panel, an industrial control panel does not includ¢ equipment

stalled on or

AN industrial
t covered by
cable to the

strial control

1.7 Fire pump controllers are covered by the Standard for Fire Pump Controllers, UL 218.

1.8 Equipment intended for use in hazardous locations, as defined in the National Electrical Code,
ANSI/NFPA 70, are covered by the Standard for Explosion-Proof and Dust-Ignition-Proof Electrical
Equipment for Use in Hazardous (Classified) Locations, UL 1203.

1.9 Industrial control panels incorporating intrinsic safety barriers and intended for connection to circuits
residing in hazardous locations are covered by the Standard for Industrial Control Panels Relating to
Hazardous (Classified) Locations, UL 698A.

1.10 Motor control centers, including motor control center sections and units, or equipment intended for
field installation into a motor control center are covered by the Standard for Motor Control Centers, UL
845.
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1.11 Assemblies of electrical control units or equipment containing electrical control units for fire-
protective signaling systems are covered by the Standard for Control Units and Accessories for Fire Alarm
Systems, UL 864.

1.12 A freestanding assembly of overcurrent protective devices and busses for control of electric light
and power circuits or equipment intended for field installation in dead-front switchboards shall be
evaluated to the Standard for Switchboards, UL 891.

1.13 Equipment intended to supply automatic illumination, power, or both, to critical areas and
equipment essential to safety of human life is covered by the Standard for Emergency Lighting and Power
Equipment, UL 924.

1.14 Contr for Electric

Spas, Equipj

ol equipment for use with swimming pools and spas is covered by the Standard
ment Assemblies, and Associated Equipment, UL 1563.

1.15 Porta
attachment
television sf
Portable Po

ble control panels containing switches, overcurrent protection, and)‘'cord comnected via
blugs and receptacles for use at carnivals, circuses, fairs, exhibitionshalls, motion|picture and
udios, theaters, construction sites and similar locations are.covered by the Standard for
ver-Distribution Equipment, UL 1640.

1.16 Equig
covered by
Use With Di

1.17 Enclg
covered by

1.18 Emer
by the Stang

1.19 Equig
is covered b

1.20 Contr
and intende
Information

1.21 Contr
or unattend

ment for the control of fuel cells, photovoltaic systemds, or utility interactive S
he Standard for Inverters, Converters, Controllers andunterconnection System Eg
stributed Energy Resources, UL 1741.

sures or pedestals containing terminals_fér) connection of power circuit con
he Standard for Termination Boxes, UL 1773.

gency alarm equipment or control panels containing emergency alarm equipment
ard for General-Purpose SignalingyDevices and Systems, UL 2017.

y the Standard for Gas and/Vapor Detectors and Sensors, UL 2075.

ol panels containing predominately communication equipment, such as telephong
H for installation in accordance with Chapter 8 of the NEC, is evaluated to the §
Technology Equipment — Safety — Part 1. General Requirements, UL 60950-1.

ol equipment intended for use in physical access control systems, which provide
bd means of monitoring or controlling traffic through portals of a protected area

ystems are
uipment for

Huctors are

are covered

ment for gas or vapor detection or control panels containing gas or vapor detection equipment

equipment
tandard for

AN attended
for security

purposes; 0

I in)key management systems, which regulate or control access to the use of

b device by

electrical, electronic or mechanical means, are covered by the Standard for Access Control System Units,
UL 294.

1.22 Electrically operated or mechanically operated control equipment or enclosures intended for theft
deterrent or warning purposes, such as detectors, security containers or alarms for merchandise or
property, are covered by the Standard for Antitheft Alarms and Devices, UL 1037.

1.23 Equipment primarily intended to energize or de-energize electrical loads to achieve the desired use
of electrical power is covered by the Standard for Energy Management Equipment, UL 916. Such
equipment is intended to control electrical loads by responding to sensors or transducers monitoring
power consumption, by sequencing, by cycling the loads through the use of preprogrammed data logic
circuits, or any combination thereof.
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1.24 Control panels, control units, and other various electrical circuits employed within a control circuit
device intended for support functions, maintain operation and limiting safety control features for use in a
Stationary Engine Driven Assembly or similar power production equipment (generator) control applications
are covered by the Standard for Controllers for Use in Power Production, UL/ULC 6200.

1.25 Industrial control panels intended for control of elevators, dumbwaiters, escalators, moving walks,
inclined lifts, and associated equipment are evaluated to the requirements contained in ANSI/ASME
A17.1, American National Standard Safety Code for Elevators and Escalators, and ANSI/ASME A17.5,
Elevator and Escalator Electrical Equipment.

1.26 An assembly of overcurrent protective devices and busses for control of electric light and power

circuits, proyided as partof anm mdustriatcontrot panet, shattbe evatuatedto the Standard for Ranelboards,
UL 67.

2 Glossary
2.1 For thg purpose of this standard, the following definitions apply.
2.2 APPL|ANCE - A piece of utilization equipment that incorporates bath eontrols and loads|

2.3 BRANCH CIRCUIT — The conductors and components felldwing the last overcurreft protective
device prot¢cting a load.

2.4 BRANCH CIRCUIT PROTECTION — Overcurrent protection with an ampere rating| selected to
protect the branch circuit. For a motor branch circuit, the.evercurrent protection is required for pvercurrents
due to short circuits and faults to ground only, see 2.5vand 2.23 and 2.29. For motor overloafl protection,
see 2.39.

2.5 BRANCH CIRCUIT PROTECTIVE DEVICE — A fuse or circuit breaker that has been eyaluated to a
safety standard for providing overcurrent protection. See 2.23 and 2.30.

2.6 CLASPB 1 CIRCUIT — A control~circuit on the load side of overcurrent protective devide where the
voltage dogs not exceed 600 volts, and where the power available is not limited, or control ¢ircuit on the
load side offpower limiting supply, such as a transformer.

2.7 CLASPB 1 WIRING:==\€Conductors of a Class 1 Circuit.
2.8 CLASPB 2 CIRCUIT — A control circuit supplied from a source having limited voltage (30 \{rms or less)

and currenf| capacity, such as from the secondary of a Class 2 transformer, and rated for use with Class 2
remote-confrolor signaling circuits.

2.9 CLASS 2 WIRING — Conductors of a Class 2 circuit.

2.10 COMBINATION MOTOR CONTROLLER - One or more devices assembled to provide
disconnecting means, branch circuit protection, motor control, and motor overload protection for a single
motor circuit.

211 CONTROL CIRCUIT — A circuit that carries the electric signals directing the performance of a
controller, and which does not carry the main power circuit. A control circuit is, in most cases, limited to 15
amperes.

2.12 CONTROL TRANSFORMER - A transformer whose secondary supplies power to control circuit
devices only (excluding loads).
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213 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.

2.14 COVER - An unhinged portion of an enclosure that covers an opening.

2.15 DISCONNECT SWITCH — A device that disconnects all ungrounded conductors of a circuit from
their electrical supply.

2.16 DOOR — A hinged portion of an enclosure that covers an opening.

217 DUTY, INTERMITTENT — Operation for alternate intervals of:

a) Lgad and no load; or
b) Ldad and rest; or

c) Load, no load, and rest.

2.18 ENCHOSED INDUSTRIAL CONTROL PANEL — An industrial eonhtrol panel provided with an
enclosure af the factory.

219 FEEQER CIRCUIT — The conductors and circuitry on.-‘the supply side of the branch circuit
overcurrent protective device.

2.20 FIELID INSTALLED EQUIPMENT — Devices to be installed after an industrial contfol panel is
built/labeled

2.21 FIELD WIRING — Conductors to be installéd by others to connect the industrial conffol panel to
source(s) of|supply, remote control devices, apd [oads.

2.22 FIELD WIRING TERMINAL — A-terminal provided in an industrial control panel to terfminate field
wiring.

2.23 FUSH, BRANCH CIRCUIETYPE — A fuse of Class CC, CF, G, H, J, K, L, R, and T. These fuses are
able to provide branch circuit protection.

2.24 FUSH, SEMICONDUCTOR TYPE — A fuse designed for the protection of semicondudtor devices.
These fuseg are able)to provide branch circuit protection of motor circuits containing power| conversion
equipment gs in 311.3.

2.25 FUSE SUPPLEMENTARY TYPE — MiScelfaneous type and miniature type 1uses. 1hese fuses are

able to provide supplementary protection only.

2.26 GENERAL-USE RATING — A rating, expressed in volts and amperes, assigned to a device that is
intended to control:

a) A load with a continuous or inrush current rating not exceeding the ampere rating of the device;
b) When ac rated, a load that has a power factor of 0.75 to 0.80 (inductive); and

c) When dc rated, a load that is resistive (noninductive).

2.27 HEATER TABLE - Table supplied by the manufacturer of an overload relay having replaceable
current elements that provides additional instructions as to the proper installation.
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2.28 INDUSTRIAL CONTROL PANEL FOR GENERAL USE — A control panel intended to be installed in
accordance with the general use requirements in Chapter 4 of the National Electrical Code, ANSI/NFPA
70.

2.28A INTERLOCK (for safeguarding of industrial machinery) — An arrangement that interconnects
guard (s) or device (s) with the control system or all or part of the electrical energy distributed to the
machine.

2.28B INTERRUPTING RATING — The highest current at rated voltage that a device is identified to
interrupt under standard test conditions.

2.29 INSTANTANEOUS TRIP CIRCUIT BREAKER — A circuit breaker in which no delay, is introduced
into the tripping action of the circuit breaker. These circuit breakers are able to provide mgtorfranch circuit
protection Wwhen evaluated as a part of a combination motor controller as in 31.1.1.

2.30 INVHRSE-TIME CIRCUIT BREAKER — A circuit breaker in which a defayis introduced into the
tripping actjon of the circuit breaker. The delay decreases as the magnitude)of the currert increases.
These circujt breakers are able to provide branch circuit protection.

2.31 ISOUATED SECONDARY CIRCUIT — A circuit derived fromJan isolating source |[(such as a
transformen optical isolator, limiting impedance, or electro-meechanical relay) and havirlg no direct
connection [back to the primary circuit (other than through the grounding means). A secondatly circuit that
has a direc{ connection back to the primary circuit is evaluated as part of the primary circuit.

— A device external to the industrial controkpanel that is connected to the power gircuit.

-VOLTAGE LIMITED ENERGY CIRCUIT — A control circuit involving a peak|open-circuit
potential of[not more than 30 volts ac rms, 42.4.yolts peak, or 60 volts dc supplied by a primdry battery or
by an isolated secondary circuit, and where.the current capacity is limited by an overcurrent fevice, such
as a fuse, gr by the inherent capacity of the.secondary transformer or power supply, or a compination of a
secondary [winding and an impedanege;”A circuit derived from a line-voltage circuit by gonnecting a
resistance ih series with the supply circuit to limit the voltage and current is not identified as g low-voltage
limited energy circuit.

2.34 MANUAL SELF-PROTECTED COMBINATION MOTOR CONTROLLER - A sglf-protected
combinatiof motor controller that is operable only by manual means.

2.35 MOTIOR STARTER — An assembly of an overload relay and a contactor.

2.36  ONEFPORT SPD — An SPD having provisions (terminals, leads, plug) for connectipn to the ac
power circuit but no provisions (terminals, leads, receptacles) for supplying current to ac power loads.

2.37 OPEN INDUSTRIAL CONTROL PANEL — An industrial control panel that includes internal wiring,
field wiring terminals, and components mounted on a subpanel without a complete enclosure. The
enclosure is intended to be supplied/completed at the installation.

2.38 OVERCURRENT PROTECTION — A device designed to open a circuit when the current through it
exceeds a predetermined value. The ampere rating of the device is selected for a circuit to terminate a
condition where the current exceeds the rating of conductors and equipment due to overloads, short
circuits and faults to ground.

2.39 OVERLOAD PROTECTION — Protection required for motor circuits that will operate to prohibit
excessive heating due to running overloads and failure to start.
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2.40 PILOT DUTY RATING — A rating assigned to a relay or switch that controls the coil of another relay
or switch.

2.41 POWER CIRCUIT — Conductors and components of branch and feeder circuits.

2.42 POWER TRANSFORMER - A transformer whose secondary winding supplies power to loads or a
combination of loads and control circuit devices operating at the secondary voltage.

243 SELF-PROTECTED COMBINATION MOTOR CONTROLLER — A combination motor controller that
contains coordinated overload and short circuit protection, and also provides disconnecting means and
remotely-operable motor controller. Coordinated protection is able to be inherent or obtained by correct
selection of Fomponents or accessory parts in accordance with the manufacturer’s instructions

2.44 SHORT CIRCUIT CURRENT RATING — The prospective symmetrical fault current at a nominal
voltage to which an apparatus or system is able to be connected without sustaining damage exXceeding the
defined accgptance criteria.

2.45 SUPRLEMENTARY PROTECTION — A device intended to provide additional protection subsequent
to branch cifjcuit protection. They have not been evaluated for providing branch circuit protectiop.

2.46 SUPRLEMENTARY PROTECTOR — A manually resettable,'device designed to open the circuit
automatically on a predetermined value of time versus current)or’voltage within an appliarjce or other
electrical equipment. It is also able to be provided with manual means for opening or closing the circuit.
These devices are able to provide supplementary protectionconly.

2.47 SURGE PROTECTIVE DEVICE (SPD) — A device composed of at least one non-linearcomponent
and intendeg for limiting surge voltages on equipment by diverting or limiting surge current andl is capable
of repeating these functions as specified. SPDs were previously known as Transient Voltage Surge
Suppressorg or secondary surge arresters.

2.48 SURGE PROTECTIVE DEVICE\(SPD) ELECTRICAL RATINGS:

a) NOMINAL DISCHARGE - CURRENT (In) — Peak value of the current, selegted by the
manyifacturer, through-the* SPD having a current waveshape of 8/20 where the SIPD remains
functjonal after 15 surges.

b) MAXIMUM GONTINUOUS OPERATING VOLTAGE (MCOQOV) rating — The maximum| continuous
operating voltage that may be applied between the terminals of a surge protective devide (SPD).

c) NDRMAL OPERATING VOLTAGE RATING — The voltage rating assigned to an $PD by the
manyifacturer. For an SPD, other than a Component-SPD, it is generally equal to the ngminal value
of the voltage of the circuit (for example, 120, 208, 240, 347, 480, or 600 Vrms).

2.49 SURGE PROTECTIVE DEVICE (SPD) TYPE DESIGNATIONS — SPD Type designations are as
follows:

TYPE 1 — Permanently connected SPDs intended for installation between the secondary of the
service transformer and the line side of the service equipment overcurrent device, as well as the
load side, including watt-hour meter socket enclosures and intended to be installed without an
external overcurrent protective device.

TYPE 2 — Permanently connected SPDs intended for installation on the load side of the service
equipment overcurrent device — including SPDs located at the branch panel.
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TYPE 3 — Point of utilization SPDs, installed at a minimum conductor length of 10 meters (30 feet)
from the electrical service panel to the point of utilization, for example cord connected, direct plug-
in, receptacle type and SPDs installed at the utilization equipment being protected. The distance of
10 meters (30 feet) is exclusive of conductors provided with or used to attach SPDs.

TYPE 4 COMPONENT ASSEMBLIES — Component assembly consisting of one or more Type 5
components together with a disconnect (integral or external) or a means of complying with the
limited current tests.

TYPE 1, 2, 3 COMPONENT ASSEMBLIES — Consists of a Type 4 component assembly with
internal or external short circuit protection. These types are tested and rated based on the intended

appl

ication as either Type 1, 2 or 3 SPD’s.

TY
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power circy
power load
considered

2.52 WIR
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4 Compo
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requiremen
products cd

4.2 Acon

P'lE 5 — Discrete component surge suppressors, such as MOVs that may be modnte

ected by its leads or provided within an enclosure with mounting smneans
inations.

GSTEN RATING — A rating assigned to devices intended to controliincandescent |z

it and provisions [terminals, leads, receptacles(s)] for supplying current to one
5. SPDs provided with a minimum of two adjacent terminals for each circuit condu
and tested as a two-port SPD.

F BENDING SPACE — The amount of space reguired between a field wiring tern
all directly opposite the terminal, to provide ghough space for field wiring conducto

l References

bs referring to the latest editionlof that code or standard.
hents

t as indicated in 4.2) ‘a component of a product covered by this standard shall cor
s for that compaonent. See Appendix A for a list of standards covering component
vered by this-standard.

ponentis‘not required to comply with a specific requirement that:

a) Invalyes a feature or characteristic not required in the application of the comp

i on a PWB,
and wiring

mp loads.

-PORT SPD — An SPD having provisions (terminals, leads,“plug) for connectipn to the ac

or more ac
ctor may be

hinal and an
Irs.

ndated reference to a code or stahdard appearing in the requirements of this stanglard shall be

nply with the
5 used in the

bnent in the

product covered by this standard, or

b)Is

superseded by a requirement in this standard.

4.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

4.4 Specific components are incomplete in construction features or restricted

in performance

capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

4.5 A component that complies with the requirements of Appendix B, or Appendix D is able to be used in
a product covered by this standard.
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5 Units of Measurement

5.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

5.2 For calculations involving amperes, calculations resulting in a fraction of less than 0.5 shall be
rounded down to the next whole number. Calculations resulting in a fraction of 0.5 or more shall be
rounded up to the next whole number.

6 Terminology

6.1 For thg purpose of this standard, the terms illustrated in Figure 6.1, Figure 6.2, and Figyre 6.3 shall
apply.
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Figure 6.1

Description of terminology

S3772

1 Load (provigled in field)

2 Field wiring|terminals

3 Alternate fidld terminals
4 Field wiring
5 Power circujt internal wiring

6 Overload rejay & heater elements
7 Contactor/(ontroller

8 Starter

9 Combinatioph motor controllet

10 Branch cirguit protection
11 Fused disqonnect switch or circuit breaker

12 Control trapsformer

13 Control trapsfermer fuse/supplementary protection

14 Control transformer ground (for 1000 VA max ¢
transformer)

15 Control circuit devices and wiring/Class 1 circu
secondary circuit

16 Solenoid or other control device — provided in fi
17 Supplementary protection

18 Class 2 transformer

19 Class 2 circuit

20 Power transformer fuse/branch circuit protectio
21 Power transformer — for motor load and control
22 Control circuit/Class 1 circuit/common control g
23 Equipment ground and equipment ground term
24 Bonding conductor/bonding jumper

25 Grounding electrode conductor terminal

bntrol

t/isolated

d

o8

h
circuit
rcuit

nal

26 Grounding electrode conductor (provided in fie
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Figure 6.2

Description of control circuits and power circuits
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Figure 6.3

Description of branch circuits and feeder circuits

Feeder Circuit

:

o
-
| |

o/0

—900 —— 4
Branch Ig_'
Circuit

Circuit
# 1 # 2
S3774
CONSTRUCTION
ALL PANELS
7 Genera

7.1 Anindustrial control panet shall:

a) Be construeted so that it complies with the rules for installation and use of such epuipment as
giveh in the National Electrical Code, ANSI/NFPA 70; and

b) Empley. materials and components that are determined to be usable in the applicatio

>

8 Protection Against Corrosion

8.1 Iron and steel parts shall be protected against corrosion by enameling galvanizing, plating, or other
equivalent means. This applies to all springs and other parts required for proper mechanical operation.

Exception: This requirement does not apply to:

a) Bearings, thermal elements, sliding surfaces of a hinge, shaft, or similar part, where such
protection is impracticable;

b) Small parts of iron or steel, such as washers, screws, bolts, or similar parts, when the parts are
not current carrying or relied upon to support or maintain the relative position of uninsulated live
parts or components; and
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¢) Parts made of stainless steel.
9 Support and Securement of Live Parts

9.1 Provisions shall be made for securely mounting components to a supporting surface. A bolt, screw,
or other part used to secure a part of a component shall not also be used to secure the component to the
supporting surface.

9.2 Alive screwhead or nut on the underside of an insulating base shall be prohibited from loosening by
means of a star or lock washer and shall be insulated from the mounting surface by an insulating barrier
that complies with Section 12, Insulating Barriers, or by through air and over surface spacings specified in
Section 10, Hpacings.

9.3 An unipsulated live part, including a terminal, or a component with uninsulatedlive pz
secured to
shifting in pg

rts shall be
ts supporting surface by a method other than friction so that it is prohibited from turning or
sition. Turning or shifting of a live part is able to be prohibited by the use)of:
a) v

0 or more screws or rivets securing the component or part to the mounting surface;

b) Nd
asa

n-circular shoulders or mortises that abuts an adjacent partier mechanical stop megmber such
mounting rail;

c) N
mou

n-circular shoulders or mortises that fit through an.opening of the same shape
ting surface for a panel-mounted component or part;

cut into the

d) A flowel, pin, lug, or offset that mates with a hol&;recess or offset in the mounting surface; or

e) A gonnecting strap or clip fitted into an adjacent part.

94 Foral
9.3, the part|

ve part or a component with uninsulated live parts that are secured by means othg¢r than as in
or component shall comply with the following:

a) The mounting screw or nuf, when provided, is loosened (one component or part g
allow movement;

t a time) to

b) Is

fuse
and

c) A9

belo

subjected to typical)operation of the device, such as switch operation, relamping
Feplacement operation, or rotated to the extent limited by the mounting screw or o

a result_of (a) and (b), the spacings between the uninsulated live parts shall not

strair|| transmitted to the terminals due to operation or rotation.

bperation or
her means;

be reduced

v the requirements in Section 10, Spacings, and the internal wiring shall not be gamaged or

10 Spacings

10.1

29.2.2(a), 29.3.7, 29.3.9, and 36.2.3, spacings at and within a component or device shall be investigated

based on the requirements for that component or device.

I 10.2 Unless otherwise specified in this standard, spacings between uninsulated live parts of adjacent
components, between uninsulated live parts of components and grounded or accessible dead-metal parts,
between uninsulated live parts of components and the enclosure, and at field wiring terminals, shall be:

a) According to Table 10.1 or Table 10.1A for the following:
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1) Field wiring terminals of a feeder tap terminating in a branch circuit protective device in a

remote subpanel included on the panel schematic;

2) Field wiring terminals of a branch circuit, control circuit (including the control circuits of
power circuit components), or an instrumentation circuit;

3) Factory wired terminals of feeder circuits, feeder tap circuits, branch circuits, control
circuits, and instrumentation circuits;

4) Bus bars in a branch circuit constructed and rated according to the requirements in

29.6.2 or Appendix D of this standard.

b) Apcordingto Tabte 10-2 for the fottowing:

Exception:
the branch
installer in g

1) Field wiring terminals for input or output of feeder circuits, except for(voltages of 251 —

1000V, a 12.7mm (1/2 in) spacing through air to grounded parts is permitted; an

2) Bus bars in a feeder circuit constructed and rated according to the-requireme

or Appendix D of this standard.

Spacings at field wiring terminals for the supply connection to\an industrial control |
Circuit protective device, protecting a branch circuit in the panel, is omitted and prg
ccordance with 60.1, shall be permitted to comply withi_Table 10.1.

Minimum required spacings in branch and control circuits

Table 10.1

d

nts in 29.6.2

banel, where
vided by the

Minimum spacing, inch (mm)

A B C
Potential inJolved in volts - - - -
rms dc or dc General industrial control l?e\{lces hzflvmg All
equipment limited ratings? circuits®
51-150 | 151-300 | 301-600 | 51-300 | 301-60( 0-50
Between any|uninsulated Through air oroil | 1/8°(3.2) | 1/4 (6.4) 3/8 (9.5) 1/16° 3/16° 1/16°
live part and pn uninsulated (1.6) (4.8) (1.6)
live part of ogposite polarity, b b
uninsulated drounded part Qver surface 1/4 (6.4) 3/8 (9.5) 1/2(12.7) | 1/8°(3.2) 3/8 (9.5) 1412
other than th¢ enclosure, or (1.6)
exposed methl part"9
Between anyluninsulated Shortest distance 1/2(12.7) | 1/2(12.7) | 1/2(12.7) 1/4 (6.4) 112 (12.7 1/4 (6.4)
live part and fhe walls$\of-a
metal enclosyire including
fittings for copduitor
armored cable2

NOTES -

1 A slot, groove, or similar gap, 0.013 inch (0.33 mm) wide or less in the contour of insulating material is to be disregarded for the
purpose of measuring over surface spacings.

2 An air space of 0.013 inch (0.33 mm) or less between a live part and an insulating surface is to be disregarded for the purpose of
measuring over surface spacings.

@ See 10.5.

b The spacing between field wiring terminals of opposite polarity and the spacing between a field wiring terminal and a grounded
dead metal part shall be at least 1/4 inch (6.4 mm) when short-circuiting or grounding of such terminals results from projecting

strands of wire. For circuits involving no potential greater than 50 volts rms ac or dc, spacings at field wiring terminals are able to
be 1/8 inch (3.2 mm) through air and 1/4 inch (6.4 mm) over surface.

Table 10.1 Continued on Next Page
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Table 10.1 Continued

Potential involved in volts
rms ac or dc

Minimum spacing, inch (mm)
A B C
General industrial control Devices having All
equipment limited ratings® circuits?
51-150 | 151-300 | 301-600 | 51-300 | 301-600 0-50

4 Spacings do

€ Applicable tqg
less than 1/8 i

fThese spaci
thickness of n

9 These spaci
mounted. Def

° For the purpose of this requirement, a metal piece or component attached or mounted to the enclosure is evaluated as a part of
the enclosure when deformation of the enclosure reduces the spacings between uninsulated live parts or between uninsulated live
parts and metal parts.

not apply within a low-voltage limited energy circuit or a Class 2 circuit.
pdevices Wit Sheet metat enclosures Tegardiess of watt thitkness and castmetat enclosures witha wal]
hch (3.2 mm).

gs are also applicable between any uninsulated live parts and the walls of a cast metal enclosute'with
inimum 1/8 inch (3.2 mm) for devices with a limited rating complying with 10.5.

hgs are also applicable between an insulated live part and the wall of a metal enclosure te which the co
brmation of the enclosure shall not reduce spacings.

nponent is

thickness of

wall

Table 10.1A
Minimum required spacings in branch circuits rated 601 — 1000 V

Voltage, Vi
dc

Minimum Spacinhg; in (mm)

Between any uninsulated live p3
walls of a metal enclosure includ
for conduit or armored cg

Between any uninsulated live part and an

uninsulated live part of opposite polarity;

uninsulated grounded part other than the
enclosure, or exposed metal

ns ac or

rt and the
ng fittings
ble

Through Air Over-Surface Through Air Over

Surface

601 -1

DOO 0.55 (14.0) 0:85 (21.6) 0.80%(20.3)2 1.0(

(25.4)

@ The through
grounded me

air spacing shall not be less than 1/2 ineh(between live parts of a circuit breaker or fusible disconnectin
al.

) means and

Table 10.2
Spacings in feeder circuit

Voltagq

Minimum spacing, inch (mm)

Between live
grounded mg
through air
surfa

. Between live parts of opposite polarity
involved

Through air Over surface

parts and
tal parts,
hnd over

Ce

125

251

126 — 250

1/2 (13
1/2 (12

3/4 (19.1)
1-1/4 (31.8)
2(50.8)

orless 1/2 (12.7)
3/4 (19.1)

1(25.4)

—1000

13 (25.4)°

7
7

NOTE — An isolated dead metal part, such as a screw head or a washer, interposed between uninsulated parts of opposite polarity
or between an uninsulated live part and grounded dead metal is evaluated as reducing the spacing by an amount equal to the
dimension of the interposed part along the path of measurement.

@ The through-air spacing shall not be less than 1/2 inch between live parts of a circuit breaker or fusible disconnecting means and
grounded metal, and between grounded metal and the neutral of an industrial control panel rated 277/480 volt, 3-phase, 4-wire.

10.3 Spacings between isolated circuits at different potentials shall be in accordance with those required
for the higher potential circuit.
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10.4 A through air spacing of 5/8 inch (15.9 mm) shall be provided between the terminals of an oil-filled
capacitor and any uninsulated live part at opposite polarity, of a different (isolated) circuit, or to grounded
metal parts. The spacing shall be measured in a direction perpendicular to the end cap.

10.5 The spacings specified in column B of Table 10.1 are applicable to equipment:

a) Rated 1 horsepower (746 W output) or equivalent FLA, or less, 720 volt-amperes break pilot
duty or less; or not more than 15 amperes at 51 — 150 volts, 10 amperes at 151 — 300 volts, or 5
amperes at 301 — 600 volts.

b) Of the type described in (a) which controls more than one load when the total load connected to
the line at one time does not exceed 2 horsepower (1492 W output), 1440 volt-amperes, or have a
currgnt rating greater than 30 amperes at 51 — 150 volts, 20 amperes at 151 — 300| volts, or 10
amperes at 301 — 600 volts.

10.6 The ppacings between live parts and metal parts that are intended to be.grounded, |such as the
heads of mounting screws that pass through an insulating panel, shall be evaluated as grqunded parts
within an erjclosure.

10.7 For gn enclosed panel without conduit openings or knockouts, spacings not less than the minimum
specified in| 11.1 shall be provided between uninsulated live parts and-a conduit bushing insfalled at any
location int¢nded to be used during installation. A permanent marking on the enclosure, a tdmplate, or a
full-scale drpwing furnished with the equipment is able to be uséd t6 identify such locations as jn 53.6.

10.8 The gpacings for a discrete fuseholder shall be as follows:

a) A fuseholder used for fuses providing required branch circuit protection or f¢eder circuit
protection shall comply with the spacings specified in column A of Table 10.1;

b) A fuseholder used for fuses providing supplementary protection within the brancH circuit shall
comply with the spacings specified in Table 10.1.

10.9 The $pacings for connectors, reteptacles, attachment plugs, inlets and cable assembli¢s described
in 28.2.5, 2B.6.1, 28.6.6 and 28.¢.1-provided in a feeder circuit, branch circuit or control circyit and rated
600V or lesp shall be a minimum=3/64 inch (1.2 mm) for a device rated 250 V or less, and a I]inimum 1/8
inch (3.2 mm) for a device rated more than 250 V, between the following:

a) UpinsulatedAive* parts of opposite polarity;

by persens when the device is installed as intended, including a metal surface on whigh the device

b) Ah uninsulated live part and a dead-metal part that is likely to be grounded or exposgd to contact
is mpunted in the intended manner or a metal face plate used with a flush receptacle. [T

11 Conduit Bushings

11.1  An enclosure with openings for wiring systems, where provided, shall have a flat surrounding
surface for proper seating of a conduit bushing. Each opening shall be so located that installation of a
bushing having dimensions as specified in Table 11.1 does not result in spacings between uninsulated live
parts and the bushing of less than the minimum requirement. When multiple size knockouts are provided,
spacings shall be determined using the largest bushing size accommodated unless the equipment is
marked to specify maximum usable size.
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Table 11.1
Dimensions of bushings
Trade size of conduit, Bushing dimensions, inches (mm)
inches Overall diameter Height
1/2 1 (25.4) 3/8 (9.5)
3/4 1-15/64 (31.4) 27/64 (10.7)
1 1-19/32 (40.5) 33/64 (13.1)
1-1/4 1-15/16 (49.2) 9/16 (14.3)
1-1/2 2-13/64 (56.0) 19/32 (15.1)
2 2-45/64 (68.7) 5/8 (15.9)
2-1/4 3-7/32 (81.8) 3/4 (19.1)
3 3-7/8 (98.4) 13/16 (20.6)
3-1/4 4-7/16 (112.7) 15/16 (43.8)
4 4-31/32 (126.2) 1 (45.4)
4-1/] 5-35/64 (140.7) 1-1/16 (7.0
5 6-7/32 (158.0) 1<3/16 (30.2)
6 7-7/132 (183.4) 1-1/4 (31.8)
12 Insulatjng Barriers
12.1  When an insulating material is used as a barrier.in'6rder to comply with the required ovgr surface or

through air gpacings, or both, the required spacings.in-Section 10, Spacings, shall be appliefl by tracing

over the surface of the insulator and through air to the edges of the insulator.

12.2 Insulg

a) THe material shall be:

b) THe material is-able to be in direct contact with uninsulated live parts; and

ting material used as specified in(12.1 shall comply with the following requirements:

1) An insulating material described in Table 12.1; or

2) Tubing or sleeving complying with 29.2.3 and rated for the voltage involved;

c) THe matefial does not serve to physically support or maintain the position of an uninsulated live

part.

Exception: /

material that does not comply with 12.2 shall be investigated as an insulating barrier in

accordance with the requirements in the Standard for Industrial Control Equipment, UL 508.

Table 12.1
Generic materials for use as barriers

Minimum thickness
Generic material
inches (mm)
Aramid Paper 0.010 (0.25)
Electrical Grade Paper 0.028 (0.71)

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Minimum thickness
Generic material
inches (mm)
Epoxy 0.028 (0.71)
Mica 0.006 (0.15)
Mylar (PETP) 0.007 (0.18)
RTV 0.028 (0.71)
Silicone Rubber 0.028 (0.71)
Vulcanized Fiber 0.028 (0.71)
13 Insulating Materials
13.1  An ipsulating material that is used for the direct support of an uninsulated live par{, such as a
standoff or |nsulating base for a bus bar, current shunt, or terminal, shall comply.with 13.2. A naterial is in
direct supp¢rt of an uninsulated live part when:
a) Itjis in direct physical contact with the uninsulated live part; and
b) Itfserves to physically support or maintain the relative position of the uninsulated live|part.
Exception: A material in direct contact only with uninsulateéd\live parts of a low-voltage lirhited energy
circuit or a €lass 2 circuit is not required to comply with 13.h
13.2 Insulpting material used as specified in 13.1 shall comply with the following requirements:
a) The material shall be an insulating material described in Table 13.1; and
b) The dimensions of the insulating material shall comply with the required spacings of Section 10,
Spatgings.
Exception: A material that doeswnot comply with 13.2 shall be investigated as an insulating material in
accordancdg with the requirements in the Standard for Industrial Control Equipment, UL 508.
Table 13.1
Generic materials for direct support of uninsulated live parts
Minimum thickness
Generie-material inches {mm
Diallyl phthalate 0.028 (0.71)
Epoxy 0.028 (0.71)
Melamine 0.028 (0.71)
Melamine-phenolic 0.028 (0.71)
Phenolic 0.028 (0.71)
Unfilled nylon 0.028 (0.71)
Unfilled polycarbonate 0.028 (0.71)
Urea formaldehyde 0.028 (0.71)
Ceramic, porcelain, and slate no limit no limit
Beryllium oxide no limit no limit
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14 Grounding — General

14.1  An industrial control panel shall have provision for grounding all noncurrent carrying metal parts that
are exposed or that are able to be contacted by persons during normal operation or adjustment of the
equipment and that are able to become energized due to a breakdown of insulation, loose wiring
connection, or electrical disturbance. Grounding (bonding) braids shall be listed according to UL 467 and
sized according to 15.1.

14.2 An industrial control panel shall be provided with a field wiring terminal for the connection of an

equipment grounding conductor. The terminal shall comply with:
ign 28, Field
b) THe requirements in the Standard for Grounding and Bonding Equipment, UL 467.
14.3 The gquipment grounding terminal shall have electrical continuity withyall metal garts of the
enclosure, qr subpanel for open type equipment, by means of metal-to-metal contact or by means of an
internal bongling conductor that complies with 15.2.
14.4 An influstrial control panel that is not intended to be permanéntly connected to the building power
supply shallbe provided with a flexible cord that:
a) Complies with 28.5;
b) Cpntains a grounding conductor that is connécted to the grounding prong of the|attachment
plug;jand
c) Has the grounding conductor connected“to the enclosure as in 14.1 and 14.2 and terminated
with Wiring methods described in 29.3.4.—29.3.9.
15 Groundgling — Size of Terminal orBonding Conductor
15.1 A fieldl wiring terminal for connection of an equipment grounding conductor shall acconjmodate the
conductor sjze required by Table* 15.1 based upon the overcurrent protection provided for|field wiring
conductors $upplying panelithatis:
a) The rating ef‘the branch circuit protection marked on the industrial control pangl, or wiring
diagram, or @s‘calculated from the requirements in Section 31, Branch Circuit Protection, when
bran¢h cireuit protection is not provided in the panel; or
b) Ap ‘ampere rating equal to the ampacity of the anticipated field wiring size calqulated from

Section 28, Field Wiring, when the branch circuit and/or feeder protection is provided in the panel.

Exception: The terminal for the equipment grounding conductor is not required to retain a wire larger than
the field wiring conductors supplying the panel.
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Table 15.1
Size of equipment grounding conductor terminal
Maximum ampere rating of Size of equipment grounding or bonding conductor, minimum
ov&_ar_current protection for field Copper Aluminum
wiring conductors supplying
panel, see 15.1 AWG or kcmil (mm?) AWG or kcmil (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)
300 4 (21.2) 2 (33.6)
400 3 (26.7) 1 (42.4)
500 2 (33.6) 140 (53.5)
600 1 (42.4) 2/0 (67.4)
800 1/0 (53.5) 3/0 (85.0)
1000 2/0 (67.4) 4/0 (107.2)
1200 3/0 (85.0) 250 kemil (127)
1600 4/0 (10%.2) 350 (177)
2000 250 kemil (127) 400 (203)
2500 350 (177) 600 (304)
3000 400 (203) 600 (304)
4000 500 (253) 800 (405)
5000 700 (355) 1200 (608)
6000 800 (506) 1200 (608)
15.2 The pize of an internal.bending conductor shall not be less than the size specified in Table 15.1 or
the size of the field wiring conductor supplying the industrial control panel, whichever is smallef.
Exception: Where an¢internal over-current device is installed to protect control circuit conductors for door
mounted equipment,)the ampere rating of this over-current device can be used to size ffthe bonding
conductor fpr enétosure doors.
16 TransformeramdPower Supply Seconmdary Grounding

16.1 A secondary circuit that contains field wiring terminals and is supplied from a power transformer,
control transformer, or power supply shall have the secondary grounded under any of the following

conditions:

a) When the secondary voltage is less than 50 volts; and

1) The supply to the primary is over 150 volts to ground; or

2) The supply to the primary at any voltage is ungrounded;

b) When the secondary voltage is 50 volts or greater and the secondary circuit is able to be
grounded so that the maximum voltage to ground on the ungrounded conductors does not exceed

150 volts;
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c) When the secondary is a 3-phase, 4-wire, wye connected in which the center point of the wye is
used as a circuit conductor; or

d) When the secondary is a 3-phase, 4-wire, delta connected in which the midpoint of one phase
winding is used as a circuit conductor.

16.2 For a transformer or power supply that is required to be grounded in accordance with 16.1, the
secondary circuit shall be factory connected by a system bonding jumper to the enclosure and the
grounding electrode conductor terminal. The size of the system bonding jumper shall be as specified in
75.1.4, based on the secondary rating. A grounding electrode conductor terminal sized to retain the
required grounding electrode conductor in accordance with 75.1.4, based on the secondary rating, shall be

provided in the_enclosure nnni‘:\inihg the transformer or power QIIpp'y and-marked as Qpnr‘ifind

n 54.10.

Exception N
supplies on
system bon
not otherwis

Exception N
control pang
is able to £
grounding e

16.3 Wher
600Y/347V,
shall be gro
circuit, and ]

16.4 Fora
be groundeq
devices to

conductor, s

0. 1: When the transformer or power supply is rated not more than 1000 (velt-a
y control circuits, the grounding electrode conductor terminal is able to be omif
Hing jumper shall not be smaller than a 14 AWG (2.1 mm?) copper conductor. TH
e required to be larger than the phase conductors connected to the tfagsformer se

0. 2: Where multiple separately derived systems are provided within the sani
| enclosure, a single grounding electrode conductor terminalsuitable for a 3/0 AW

mperes and
fed and the
e jumper is
condary.

e industrial
5 conductor

e supplied in the industrial control panel as the field wifing connection for the common

ectrode conductor.

components marked with a slash voltage .rating, such as 120/240V, 48(
are provided on the secondary side of a power transformer or power supply, the

Y/277V, or
secondary

inded as in 16.1(b), 16.1(c), or at the center'point of the wye for a 3 phase, 3 wir¢ secondary

6.2.

power circuit or control circuit supplied from a secondary circuit voltage that is no
asin 16.1 and is rated 100 V or\more, the secondary circuit shall be provided with

provide an audible or visualiindication when a ground fault occurs in any

uch as a panel mounted indicator light or display, or one that interrupts the circuit

required to
monitoring
ingrounded
n the event

of a ground ffault, such as a ground-.fault protective device. For a monitoring device that does pot interrupt
the circuit, a|lground fault shall nefiresult in the bypassing of safety shutdown devices.

Exception: A control circuitssupplied from a control transformer or power supply with secondary circuit
voltage ratefd 100 V or.mere that has no provisions for field wiring connections is not requiref to comply
with 16.4.

16.5 An influstrial control panel that contains a transformer or power supply with a 3-phase, B-wire delta
secondary, as“described in 16.1(d), and provided with field wiring terminals for loads to bd connected
between a phase and the neutral, shall comply with 29.3.14.

17 Identification of Grounding and Grounded Circuit Conductors and Terminals

17.1 A pressure wire connector intended for connection of a field-installed equipment grounding

conductor shall be marked in accordance with 54.5.

17.2 A wire-binding screw terminal intended for connection of a field-installed equipment grounding
conductor not larger than 10 AWG (5.3 mm?) shall be colored green or marked in accordance with 54.5.

17.3
one or more

yellow stripes and no other conductor shall be so identified.

Insulated grounding and bonding conductors shall be identified by the color green with or without
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Exception No. 1: Insulated conductors sized 4 AWG (21.2 mm®) or larger and having insulation colored
other than as in 17.3, and insulated conductors that are not manufactured in this color, shall be identified at
each termination point by a green marking, such as tape wrapped around the conductor.

Exception No. 2: Integral leads of components are not required to meet this requirement.

17.4 Insulated grounded circuit conductors connected to the grounded side of a transformer secondary
circuit containing field wiring terminals as in Section 16, Transformer and Power Supply Secondary
Grounding, shall be identified by the color white or gray or by three continuous white stripes on other than
green insulation along its entire length.

Exception No. 1: Insulated conductors sized 4 AWG (21.2 mm®) or larger and having instlgtion colored
other than gs in 17.4, and insulated conductors that are not manufactured in this color, shallbg identified at
each termirlation point by a white marking, such as tape wrapped around the conductor.
Exception No. 2: Integral leads of components are not required to meet this reqliirement.
Exception No. 3: Insulated conductors of a multi-conductor cable colared’other than as in 17.4 shall be
identified afleach termination point by a white marking, such as tape wrapped around the conductor.
17.5 Whefe more than one grounded circuit conductor is idéntified within an industrial cpntrol panel,
each grounfled circuit conductor shall be:
a) Identified by:
1) A means that complies with 17.4; or.
2) An outer covering of white or~gray with a colored stripe other than green rdnning along
the length of the insulation; and
b) Identified by means in (a) thatis’different than the grounded circuit conductors of angther system
and jho other conductors in the.industrial control panel shall be so identified.
17.6 A grqunded circuit conductor of a flexible cord shall be identified by one of the following|means:
a) Alwhite or gray‘outer finish;
b) Albraid withyan outer finish colored white or gray; or
c) Al white-or gray tracer woven into the braid of contrasting color and no other contfuctor in the
cord having a tracer

ENCLOSED PANELS
18 Enclosures

18.1  An open industrial control panel intended to be installed completely within an enclosure in the field
shall comply with the requirements in Sections 7 — 17 and Sections 28 — 61. Portions of an open industrial
control panel that serve to complete an ultimate enclosure after installation shall additionally comply with
Sections 18 — 27 and 62 — 64.

18.2 Two or more open type industrial control panels having partial enclosures intended to be assembled
together in the field in order to form a completely enclosed industrial control panel shall be evaluated as an
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enclosed device and comply with Sections 18 — 27. Each open type section shall be marked in accordance
with 53.4.

18.3 An enclosed industrial control panel shall comply with Sections 18 — 27 and the enclosure shall
comply with:

a) The requirements in the Standard for Enclosures for Electrical Equipment, Non-Environmental
Considerations, UL 50, and the Standard for Enclosures for Electrical Equipment, Environmental
Considerations, UL 50E; or

b) The industrial control panel enclosure requirements in Sections 62 — 64.

18.4 A dogr shall be provided on an enclosure that contains:
a) Pqwer circuit fuses;

b) Circuit breakers located within power circuits which require renewal of-te€setting from inside the
enclgsure;

c) M¢tor overload protective devices which require renewal or resetting from inside thg enclosure;
or

d) Dgvices, such as timers or chart recorders, for which servi¢ing or resetting is requireq.

Exception: A door is not required for an enclosure:

a) T¢ which access is required only in the event of a burnout of a current element or similar
component on short circuit;

b) In|which the only fuse enclosed is a control-circuit fuse, when the fuse and controf-circuit load
are within the same enclosure; or

c) In| which a means is provide@ for resetting all overload-protective devices from |outside the
enclgsure.

d) When the removable cever is flanged and is interlocked with the external operating Handle of the
discqnnecting means.'so) that power is removed from all components in the enclosurg before the
covel can be remaved’in order to replace fuses or to reset overload protective devices.

18.5 The ¢nclosure~shall be constructed so that all doors are able to be opened to a minjmum of 90
degrees frorn the«¢closed position.

19 Enclosure’Openings

19.1  All openings provided for conduit connections in the field shall be of standard dimensions. When
provided, conduit fittings shall comply with the Standard for Conduit, Tubing, and Cable Fittings, UL 514B.
For enclosures other than Type 1, as noted in column 1 of Table 19.1, the conduit openings and fittings
shall additionally comply with the requirements specified in column 2 of Table 19.1.

Exception: A conduit fitting that does not comply with Table 19.1 is able to be evaluated to the
performance requirements in the Standard for Enclosures for Electrical Equipment, Environmental
Considerations, UL 50E, corresponding to the required enclosure type rating.
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Table 19.1

Openings for conduit connections in enclosures with environmental rating other than Type 1

Enc

(Column 1)

Conduit instructions

(Column 2)

losure type

2, 3R, 3RX

a) All holes for conduit shall be below all uninsulated live parts; or

fittings having an environmental rating that complies with Table 19.2; or

¢) The enclosure shall be marked as in 53.2 with instructions for the installer to
complying with (a) or (b).

b) Conduit openings above the lowest uninsulated live parts shall be provided with conduit

apply fittings

3,3S,38X, 3

4.4X.5. 12, 12K d) All holes for conduit shall be provided with conduit fittings having an environ

that complies with Table 19.2 or as specified by the enclosure manufacturer:o

e) The enclosure shall be marked as in 53.3 with instructions to apply fittings ¢

(d).

mental rating

bmplying with

6, 6P f) All holes for conduit shall be provided with conduit fittings having/an environental rating
that complies with Table 19.2.
13 g) All holes for conduit shall be provided with conduit fittings having an environmental rating

that complies with Table 19.2; or

h) No conduit openings shall be provided.

19.2 Openings for wireways shall be provided with a cover plate or supplied with the wir
reway shall comply with the Standard for Wireways, Auxiliary Gutters, and Associated Fittings,

provided, wj
UL 870.

19.3 Openings provided in enclosures for mounting.components shall be covered with
r such mounting. Openings providedsfor components, including ventilation ¢
windows, shall be closed with companents that have been evaluated for one of the enclosure
heading of column 2 of Table 19,2. The assembled enclosure is derated to the en
ted in the table corresponding to.the type rating of the empty enclosure from colur

intended fq
observation
Types in th
rating indic
type rating

Exception:
requiremen|
50E, corres

pf the component from column’2that results in the lowest rating.

A component that does'not comply with Table 19.2 is able to be evaluated to the

ponding to the required enclosure type rating.

(s in the Standard fer\Enclosures for Electrical Equipment, Environmental Consid

eway. When

components
penings, or

closure type

hn 1 and the

berformance
erations, UL
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Table 19.2
Enclosure rating/derating table
Enclosure Component rating
Type (Column 2)
(Column 1)
1 2 3R Wet Loc RainTight RainProof Weather BRX 3 38
Proof

1 1 1 1 1 1 1 1 1 1

2 2or1? 2 2 2 2 1 1 2 2 2
3R 1 2 3R 3R 3R 3R 3RP 3R 3R 3R
3RX 1 2 3R 3R 3R 3RP 3RP BRX 3R 3R

3 1 2 3R® 3R® 3R® 3RP§ 3R® 3R 3 3
3S 1 2 3R® 3R® 3R® 3RP® 3RP® 3R 3¢ 3s
3SX 1 2 3R® 3R® 3R® 3RP® 3RP® BRX 3S
3X 1 2 3R® 3R® 3R® 3RP® 3RP® BRX 3s°¢

4 1 2 3R® 3R® 3R® 3RP® 3RP® 3R 3

4x 1 2 3R® 3R® 3R® 3RP® 3RP® BRX 3 3
4X Indoor 1 2 5f 5f 5f 1 1 5f 5f 5f

Use Only

5 1 2 5 5 5 1 1 5 5 5

6 1 2 3R® 3R® 3R® 3R® 3R® 3R® 3 3

6P 1 2 3R® 3R°® 3R® 3R® 3R® RX® 3 3

12 1 2 5f 5f 5f 1 1 5f 5f 5f
12K 1 1 1 5 5f 1 1 1 5f 5f

13 1 1 1 5f 5f 1 1 1 5f 5f
38X 3X 4 4x 4X Indoor 5 6 6P 12 12K 13

Use Only

1 1 1 1 1 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2 2 2 2 2

3R 3R 3R 3R 3R 1 1 3R 3R 1 1 1

3RX 3RX 3RX 3R 3RX 1 1 3R 3RX 1 1 1

3 3 3 3 3 5f 5f 3 3 1 1 1

3S 3S 3s° 3s° 3s° 5f 5f 3s°¢ 3s°¢ 1 1 1

3SX 3SX 3sx¢ 3d 3sx¢ 54f 59f 3scd 3sx°d 1 1 1

3X 3X 3X 3 3X 5f 5f 3 3X 1 1 1

Table 19.2 Continued on Next Page
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Table 19.2 Continued
Enclosure Component rating
Type (Column 2)
(Column 1)
4 3 3 4 4 5f 5f 4 4 1 1 1
4X 3RX 3RX 4 4X 4X Indoor 5f 4 4X 1 1 1
Use Only
4X Indoor 5f 5f 5f 4X Indoor 4X Indoor 5f 5f A% ndoor 1 1 1
Use Only Use Only Use Only Use Only
5 5 5 5 5 5 5 5 5 5
6 4 5 5 6 6 1
6P 3X 3X 4X 4X Indoor 5f 6 6P 1 1 1
Use Only
12 5f 5 5f 5f 5f 5f 5f 5f 12 12 12
12K 1 1 5f 5f 5f 5f 5f 5f 12K 12K 12K
13 1 1 5f 5f 5f 5 5f 5f 12 12 13
@ Type 1 Components, ventilation openipgs, or windows under a drip shield are allowed to be used’as Type 2.
b Components marked Weatherproof, of Rainproof are allowed to be installed below all other live parts in enclosure.
¢ Components with external operating miechanisms must be Type 3S or 3SX for use on @S, otherwise rating becomes Type 3.
4 Components with external operating hechanisms must be Type 3SX for use on 3SX} otherwise rating becomes Type 3.

¢ Must add drain, and locking mechanism or require tool entry.

fMust add locking mechanism or requir|

e tool entry.

INd 70:TT - ¥202/2IV
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19.4 Deleted
Table 19.3
Alternate enclosure ratings
Table deleted

19.5 No covering is required across the bottom of a floor-mounting enclosure when the lower edge of the
enclosure is within 6 inches (152 mm) of the floor and when exposed live parts within the device are at
least 6 inches above the highest portion of the lower edge of the enclosure.

19.6 Enclgsures intended for use with conduit hubs, closure plates and other equipment int
field installgd shall be marked or provided with instructions that identify the equipment’n

maintain th
necessary €
field installe

j equipment.

20 Accesgibility of Live Parts

20.1 The

enclosure aId:
a)u
than

b) M
mea

oving parts of components inside of the ‘enclosure, such as a fan blade. The
sured in a straight line from any point around the edge of the opening to uninsulat¢d live parts

bnded to be
bcessary to

environmental integrity of the enclosure. This may be accomplished by idgntifying the
nvironmental type designation or by identifying the specific manufacturer and m

bdels of the

minimum distance specified in Table 20.1 shall be grovided between an opg¢ning in an

insulated live parts of components inside of the enclosure where the circuit voltage is greater
30 Vac or42.4V dc; and

distance is

or moving parts.

Exception: A construction as described in*19.5 is not required to comply with this requirement.

Minimum distance from an‘opening to a p:r?:?:\%ﬁ?\;ilng risk of electric shock or personal injury
Minimum distance from opening to uninsulated live part or
Minor dimension of opening® moving part

inthes (mm) inches (mm
Less fhan 1/8 (Less than 3.18) 1/2 (12.9)
/2 (12.7) 4 (101.6)
1P (25.4) 6-1/2° (165.0)
1-1/2° (38.1) 8-3/8° (212.7)
2P (50.8) 11-5/8° (295.3)
over 2 and not more than 3° (over 50.8 ang g;Jt more than 30° (762.0)

76.

@ The minor dimension of an opening is the diameter of the largest cylindrical probe having a hemispherical tip that is able to be
inserted through the opening. The opening is evaluated without removable filters.

b Interpolation shall be used to determine intermediate distances between the table requirement and the previous entry specified
in this table. Where the intermediate distance = (distance for previous entry) + (difference between intermediate minor dimension
and minor dimension of previous entry) x (difference between required distance and distance of previous entry) / (difference
between required minor dimension and minor dimension of previous entry).

Example: To find required distance for 3/4 inch opening (minor dimension) between 1/2 inch (12.7 mm) and 1 inch (25.4 mm) table
values

Required distance = 4 inches + (3/4 — 1/2) x (6-1/2 - 4) / (1 - 1/2) = 5.25 inches
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21 Ventilation Openings

21.1 General

21.1.1 A ventilation opening provided in an enclosure shall comply with the construction requirements in
21.3.1 - 21.3.5, and shall be evaluated as a Type 1 component with respect to 19.3. A ventilation opening
that is an integral part of an enclosure or an accessory kit for an enclosure that complies with 18.3
complies with 21.3.1 — 21.3.5.

Exception: A ventilation opening for use in an enclosure with a Type 2 or 3R enclosure shall be evaluated
to the performance requirements in the Standard for Enclosures for Electrical Equipment, Environmental

Considerat

21.1.2 Th
comply with

pns, UL S0E, for the environmental rating.

b location of a ventilation opening with respect to components inside ofcthe’ en
21.2.1-21.24.

21.2 Locdtion of ventilation opening

2121 A
spaced abg

Exception:
industrial cg

2122 A

shall not diffect air at the area occupied by the equipment operator. The area occupied by th

front of the
display, or ¢
or up to 6-1

Exception N
operator, a
exhaust air
is used, it s
upward is
enclosure.

Exception
22.4.

entilation opening in the top of the enclosure shall be covered”by a hood or prot
ve the opening when there are uninsulated live components.below the opening.

A hood or protective shield is not required over ventilation openings to a compa
ntrol panel where no uninsulated live parts are present.

entilation opening that serves as an air outtet’ of exhaust air from a forced ventil

industrial control panel shall be 30 inches wide (horizontal) centered on any ope
isconnect handle over the entire (vertical) height of the enclosure for wall mounte
2 feet above the floor for floor mguhted equipment.

o. 1: When an air outlet frormya forced ventilation system is directed at the area oc
barrier or duct shall be provided to redirect the airflow by 90 degrees or greate
is directed away froni\the operator area. See Figure 21.1 for permitted air direction
hall be provided (inyaddition to the barrier that may be required per 22.1. Redire
bnly permitted (f the construction ensures that water and/or solid objects cann

Vo. 2: Ailrfilters which baffle the airflow are permitted, provided they meet the req

!

losure shall

bctive shield

Itment of an

tion system
operator in
ator control,
d equipment

Cupied by an
" so that the
5. If a barrier
cting airflow
ot enter the

Liirements in



https://ulnorm.com/api/?name=UL 508A 2022.pdf

38

UL 508A

JULY 28, 2022

Figure 21.1

Enclosure with forced exhaust air redirected away from the operator area

Forced Airflow

su4

21.2.3 An
breakers, fu
with Ventilat]

21.24 An
Live Parts.

Barrier or Duct
to redirect the airflow

Forced exhaust air
redirected away

from operator area,
90-degfees or greater

/
\ Enclosure mounted

operator control not
in path of airflow

I

70a

ndustrial control panel with a ventilation opening that contains power-circuit swit
ses, contactors, or overloadcrelays shall additionally comply with Section 22, Bz
on Openings.

ndustrial control panel'with a ventilation opening shall comply with Section 20, Ac

21.3 Consdtruction

2131 Alg

uver shall not be more than 12 inches (305 mm) long.

Ches, circuit
rriers Used

Cessibility of

21.3.2 The

area of armopemnng covered by a touver, a perforated or amexpanded=-metat mes

is thinner than the enclosure, shall not exceed 200 square inches (0.129 m?).

1 panel that

21.3.3 The diameter of the wires of a screen covering a ventilation opening shall be at least 0.051 inch
(1.30 mm) when the screen openings are 0.500 square inch (322 mm?) or less in area, and shall be at

least 0.081 i

nch (2.06 mm) for larger screen openings.

21.3.4 Perforated sheet steel employed for an expanded-metal mesh panel covering a ventilation
opening shall be at least 0.042 inch (1.07 mm) thick for mesh openings or perforations 0.500 square inch
(322 mm?) or less in area, and shall be at least 0.080 inch (2.03 mm) thick for larger openings.

Exception: Where the indentation of a guard or enclosure does not alter the clearance between
uninsulated, movable, live parts and grounded metal so as to adversely affect the performance or reduce


https://ulnorm.com/api/?name=UL 508A 2022.pdf

JULY 28, 2022

UL 508A

39

the spacings below the minimum value specified in Table 10.1, expanded-metal mesh of steel not less
than 0.20 inch (5 mm) thick is able to be employed when:

a) The exposed mesh on any one side or surface of the device has an area not more than 72
square inches (464 cm?) and has no dimension greater than 12 inches (305 mm); or

b) The width of the opening protected is not greater than 3.50 inches (88.9 mm).

21.3.5 A ventilation opening provided in the top of an enclosure shall comply with 21.2.1.

22 Barriers Used with Ventilation Openings

22.1 Unle
metal or of
and a poss
breaker, a d

222 Aba
past the ed
(6.35 mm)

means, suG

22.3 Ash
thick when

224 Aba
than polyca

225 Aba
Standard fo

5s a ventilation opening is located at least 12 inches (305 mm) from an arcing-pa

ble source of arcing, such as a power-circuit disconnect switch, the vent opening
ontactor, or an overload relay.

rier shall be of such dimension and so located that any straight line drawn from an
ge of the barriers intersects a point in the ventilation opening plane that is at lea
butside the edge of the ventilation opening. A barrier shall be, secured in place by
h as mechanical fasteners. See Figure 22.1.

bet-metal barrier shall be at least 0.053 inch (1.35.mm) thick when steel or 0.075 i
bluminum.

rrier of polycarbonate shall be at least 0.125 inch (3.2 mm) thick. A nonmetallic
rbonate shall be at least 0.25 inch (6.35_mm) thick.

Frier constructed other than as in22.3 and 22.4 shall be evaluated to the require
r Industrial Control Equipment, UL508.

A material such as those specified in 22.4 shall be interposed between the ventiI;{

a barrier of
ion opening
s of a circuit

y arcing part
st 0.25 inch
mechanical

ch (1.9 mm)

barrier other

ments of the
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Figure 22.1

Barriers for ventilation openings

Arcing
Part
. S
Arcing \
Part —\
\
\ -
\
\
AN 174
\ iNn
\ .
N 174 in
\

SM/86B

23 Obseryation Windows

23.1 An observation window constructéd as described in 23.2 — 23.6 shall be evaluated 4s a Type 1
component ith respect to 19.3. An Obgervation window that is an integral part of or an accegsory for an
enclosure that complies with 18.3,complies with 23.2 — 23.6.

Exception: An observation window for use in an enclosure with a Type designation other than [Type 1 shall
be evaluatell to the performance requirements in the Standard for Enclosures for Electrical |[Equipment,
Environmenjal Considerations, UL 50E, for the environmental rating.

23.2 Glasq coveéring an observation opening and forming a part of the enclosure shall be:

andij i i ion (i i i not be less
than 0.055 inch (1.40 mm) thick; or

b) Not more than 12 inches (305 mm) in any dimension (including the diagonal) and shall not be
less than 0.115 inch (2.92 mm) thick.

23.3 A polymeric material covering an observation opening and forming a part of the enclosure shall be a
polycarbonate material not less than 1/8 inch (3.2 mm) thick, having a flammability rating of 5VA at the use
thickness, and having an area not more than 380 square inches (2452 cm?).

23.4 An observation window constructed other than as described in 23.2 or 23.3 shall comply with the
requirements for Observation Windows or Polymeric Parts of Enclosures in the Standard for Industrial
Control Equipment, UL 508.
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23.5 An observation window shall be secured to the enclosure by mechanical means, such as

mechanical

fasteners.

23.6 When an adhesive is used to secure an observation window to the enclosure, the assembly shall
comply with the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

24 Bonding
241 An enclosure made of insulating material, either wholly or in part, shall have a bonding means to
provide continuity of grounding between all conduit openings. The bonding means shall be:
a) Cpmptetety assembted on the product; or
b) Hrovided as separate parts or available as an accessory for field installation ‘and marked in
accgrdance with 53.7 and 55.5.

Exception:
that is inten|

A bonding means is not required for the enclosure of a pushbuttory station or a se
ded to be connected to a single conduit and is marked in accordance with 53.5.

ector switch

24.2 A sgparate bonding conductor shall comply with the requirements in Section 14, Grounding —
General.
25 Wire Bending Space
25.1 The fistance between the end of a pressure wiré’connector or terminal block for corjnection of a
field installgd wire, and the wall of the enclosure toward which the wire is to be directed, shall not be less
than that indlicated in Table 25.1.
Table 25.1
Wire bending space at field wiring terminals
Size|of wire Minimum bending space, terminal to wall, inches (mm)
AWG or Wires per terminal®
MCM (mm?) 1 2 3 4 pr more
14-10 (2.1-5.3) Not specified a a a
8-6 (8.4-1303) 1-1/2 (38) a a a
4-3 (21.2226.7) 2 (51) a a a
2 (33.6) 2-1/2 (64) a a a
1 (42 4) 3 (76) a a a
1/0 (53.5) 5 (127) 5 (127) 7 (178) -
2/0 (67.4) 6 (152) 6 (152) 7-1/2 (191) -
3/0 (85.0) 7 (178) 7 (178) 8 (203) -
4/0 (107.2) 7 (178) 7 (178) 8-1/2 (216) -
250 (127) 8 (203) 8 (203) 9 (229) 10 (254)
300 (152) 10 (254) 10 (254) 11 (279) 12 (305)
350 (177) 12 (305) 12 (305) 13 (330) 14 (356)
400 (203) 12 (305) 12 (305) 14 (356) 15 (381)
500 (253) 12 (305) 12 (305) 15 (381) 16 (408)

Table 25.1 Continued on Next Page
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Table 25.1 Continued
Size of wire Minimum bending space, terminal to wall, inches (mm)
AWG or Wires per terminal®
MCM (mm?) 1 2 3 4 or more
600 (304) 14 (356) 16 (406) 18 (457) 19 (483)
700 (355) 14 (356) 16 (406) 20 (508) 22 (559)
750 — 800 (380 —405) 18 (457) 19 (483) 22 (559) 24 (610)
900 (456) 18 (457) 19 (483) 24 (610) 24 (610)
1000 (506) 20 (508) - - -
1250 (633) 22 (559) - - -
1500 — 2000 | (760 —1013) 24 (610) - - -
NOTE: "-" indicates no value established
@ Conductors pmaller than 1/0 AWG shall not be connected in parallel.

25.2 Upon
from the ce

leaving the lug or connector, the distance specified in 25.1 shallbe measured in a
hter of the opening in the connector, in the direction in which-the wire leaves t

perpendiculr to the enclosure wall.

25.3 Wherj
the distance]

254 Ther
the connect

required by Table 25.1 shall be measured from the end of the barrier.

bquired bending space is dependent on the sizé of the anticipated field wire to be G
br or terminal in accordance with Section 285 Field Wiring.

26 Encloslure Environmental Control Devices

26.1 Gengral

26.1.1 A fan, air conditioner, or-.-heater mounted to the industrial control panel for the
conditioning| air within the control\panel shall comply with the requirements for general cons
power circuifs in addition to the requirements in 26.2 — 26.6.

Exception: A
complies wi
supply and (

fan that complies with 26.2.1, an air conditioner that complies with 26.3.1, and g
h 26.4. 1-are able to be supplied from the isolated secondary of a control transform
omplywith the requirements for control circuits.

26.2 Enclesure fans

26.2.1

straight line
he terminal,

a wire is restricted by barriers or other means from{being bent where it leaves th¢ connector,

pnnected to

purpose of
ruction and

heater that
er or power

shall comply with the Standard for Electric Fans, UL 507.

A fan or blower shall have provisions for permanent installation within electrical equipment and

26.2.2 A fan motor shall comply with the requirements in the Standard for Rotating Electrical Machines —
General Requirements, UL 1004-1.

26.2.3 A fan incorporated into an accessory intended for use with industrial control panels shall comply
with the requirements for accessories in the Standard for Industrial Control Equipment, UL 508.

26.2.4 Each fan or motor shall incorporate one of the following forms of locked rotor protection:
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a) Thermal protection complying with the Standard for Thermally Protected Motors, UL 1004-3,

whe

re the motor is marked "thermally protected" or "T.P."; or

b) Impedance protection complying with the Standard for Impedance Protected Motors, UL 1004-2,

whe

re the motor is marked "Impedance Protected" or "Z.P."; or

c¢) Motor overload protection in accordance with Section 34, Overload Protection of Motor Loads.

26.3 Enclosure air conditioner

26.3.1

An air conditioner shall be identified as a special-purpose type, intended for mounting to an

electrical enclosure and r‘nmplying with the Standard for Room Air Conditioners, UL 484 or ¢

for Heating

26.3.2 Fo

component
26.4 Encl

26.4.1 An
heater enc

Electric Heating Appliances, UL 499.

2642 A
comply with

26.4.3 A heater shall be mounted 2 inches (508 mm) or more from polymeric insulating

component

26.44
(392°F) or

Exception:
disc thermd
internal wiri

26.5 Air filters

26.5.1 Air

osure heater

and Cooling Equipment, UL 1995.

is used as the basis for compliance with Table 19.1.

electric heater including a heater where the metal sheath is mounted to grounded
osed in a polymeric material, such as silicone rubbef, shall comply with the

neater incorporated into an accessory intended for use with industrial control
the requirements for accessories in the Standard for Industrial Control Equipment

5 and wiring, other than the internal wiring connected to the heater.

nore.

nternal wiring ratedNess than 200°C (392°F) is able to be used with a heater prd
stat mounted tothe sheath and set for a temperature lower than the temperature

ng.

e Standard

an air conditioner as described in 26.3.1 that is marked with an “interface” efgvironmental
rating, such as Type 1 enclosure with Type 12 interface, the “interface” type, rating ma

r’ked on the

metal and a
Btandard for

panels shall
UL 508.

materials of

Intgrnal wiring connecting to:d_sheath-type heater shall have a temperature ratipg of 200°C

vided with a
rating of the

[ conversion

filters shall be provided over ventilation openings in enclosures containing powe

equipment, programmaple controliers, power supplies, ana information tecnnoliogy equipment.

Exception: An air filter is not required over ventilation openings when fans are not provided in the
enclosure or an integral part of any component in the enclosure.

26.6 Enclosure thermal insulation

26.6.1

Thermal insulation provided on the inside of the cabinet walls shall:

a) Be supported by mechanical means, not adhesives only, such that the insulation does not
contact uninsulated live parts within the enclosure; and

b) Be 1/2 inch (12.7 mm) or more from uninsulated live parts and 12 inches (305 mm) or more from
arcing parts.
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26.6.2 An adhesive used to secure thermal insulation to the inside of the cabinet walls shall be evaluated
for the intended use.

27 Enclos
271

27.1.1
industrial co

27.2 Com

2721 Al3

27.2.2 Afl
UL 1598.

27.2.3 An
intended for
Standard fo

27.3 Circu

27.3.1 Thdg
conductors.

27.32 Thg
28 - 36.

Exception N
supplied fro.
circuits in Se

Exception N
- 44.

ure Maintenance Lighting

General

ntrol panel.

ponent requirements

The requirements in this section apply to maintenance lighting provided on the inside of an

mpholder for an incandescent lamp shall comply with the Standard for Lampholde

Liorescent lighting fixture shall comply with the requirements in the Standard for

incandescent lampholder or flourescent lighting fixture incerporated into an
use with industrial control panels shall comply with the requirements for accesg
Industrial Control Equipment, UL 508.

it requirements

lighting circuit voltage for an incandescent lamp shall not exceed 150 vo
The screwshell of the lampholder shall be ¢énhected to the grounded circuit condu

maintenance lighting circuit shall comply with the requirements for a power circuif

. 1: A 120-volt lighting circyitiocated on the inside of the industrial control panel
M the isolated secondary(of,a control transformer and comply with the requirement
ction 37 — 44.

. 2: LED luminaires are able to comply with the requirements for control circuits if

27.3.3 Alighting fixture provided with a receptacle for an attachment plug shall:

a) Cq

mplywith 31.5 when provided in a power circuit; or

s, UL 496.
Luminaires,
accessory

ories in the

ts between
ctor.

in Sections

s able to be
s for control

Section 37

b) Comply with 40.3.5 when located in a control circuit.

POWER CIRCUITS

28 Field Wiring

28.1

28.1.1

General

connection of each conductor intended to be installed in the industrial control panel in the field.

A terminal, such as a pressure wire connector or wire-binding screw, shall be provided for
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Exception: Bus bars complying with 29.2.2 with provisions for field installation of pressure wire connectors,
cable lugs or similar termination devices that comply with 28.2.2 for connection of field wiring, are not
required to be supplied with terminals when the control panel is marked in accordance with 60.4.

28.1.2 Afield wiring terminal shall be located so that:

a)lt

is accessible for examination; and

b) Connection is able to be tightened or wires removed without loosening any screws that secure
internal (factory) wiring, bus bars, or components (such as circuit breakers, switches, and

fuseholders).
28.1.3 A fleld wiring terminal shall be for use with copper or aluminum conductors or both and marked in
accordancg with 54.11.
28.1.4 A plug-in circuit breaker installed in a panelboard, that is intended to besback-fed by means of a
field wired pupply conductor connected to its load terminal, shall be secured(in-place by dn additional
fastener thgt requires other than a pull to release the device from the mounting-means on the|panelboard.
This securing means shall comply with UL 67 as an accessory to the panelboard.
28.2 Component requirements
28.2.1 A gressure wire connector of a terminal block shall cemply with the requirements conftained in the
Standard fgr Terminal Blocks, UL 1059. In addition a terminal*block shall:
a) Have electrical spacings that comply with Segtion 10, Spacings; and
b) Have been investigated for connection offield wiring.
28.2.2 A Qgressure wire connector of a component other than a terminal block shall:
a) Gomply with the requirements’ in the Standard for Wire Connectors, UL 486A-#86B or the
Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors, UL
486kE; and
b) Have electrical spacings at field wiring terminals that comply with Section 10, Spacings.
28.2.3 A Wire binding_screw, other than one on a terminal block or a component, shall conmiply with the
following:
a) Alterminal plate tapped for a wire-binding screw shall be of metal not less than 0.030 inch (0.76
mm ] thick for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 hm) thick for

a wife larger than 14 AWG (2.1 mm?). There shall be at least two full threads in the plate; and

Exception: Two full threads are not required if fewer threads result in a secure connection in which
the threads will not strip upon application of a 20 pound-inch (2.3 N-m) tightening torque.

b) A terminal plate formed from stock having the required thickness specified in (a) is able to have
the metal extruded at the tapped hole for the binding screw to provide two full threads; and

c)A

wire-binding screw shall thread into metal; and

d) A wire-binding screw shall be No. 8 (4.2 mm diameter) or larger screw for securing a 10 AWG
(5.3 mm?) or smaller conductor, or a No. 6 (3.5 mm diameter) screw for securing a 14 AWG (2.1

mm?

) conductor only.
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28.2.4 A power distribution block shall comply with the requirements contained in:

a) The Outline of Investigation for Power Distribution Blocks, UL 1953, for use in branch or feeder
circuits; or

b) 28.2.1.

28.2.5 Single and multipole connectors, intended for factory assembly to copper or copper alloy
conductors or printed wiring boards shall:

a) Comply with the requirements in the Standard for Component Connectors for Use in Data,
Signal, Control and Power Applications, UL 1977; and

b) Cemply with the spacing requirements of 10.9.
28.3 Sizing

28.3.1 Thq required size of the field wiring terminal shall not be less than 14 AWG (2.1 mm?) &nd shall be
determined py:

a) Calculating the required ampacity per 28.3.2 — 28.3.6; and

b) Dgtermining the minimum field wiring conductor size from Table 28.1 having a cofresponding
ampacity that is equal to or greater than the required ampacity from (a).

Table 28:1
Ampacities of insulated conductors
Wire size 60°C (140°F) 75°C (167°F)

AWG (mm?) Copper Aluminum Copper Aluminum
14 (2.1) 15 - 15 -
12 (3.3) 20 15 20 15
10 (5.3) 30 25 30 25
8 (8.4) 40 30 50 40
6 (13.8) 55 40 65 50
4 (21.2) 70 55 85 65
3 (26.7) 85 65 100 75
2 (33.6) 95 75 15 90
1 (42.4) 110 85 130 100
1/0 (53.5) - - 150 120
2/0 (67.4) - - 175 135
3/0 (85.0) - - 200 155
4/0 (107.2) - - 230 180

250 kemil (127) - - 255 205
300 (152) -~ -~ 285 230
350 (177) - - 310 250
400 (203) - - 335 270
500 (253) - - 380 310

Table 28.1 Continued on Next Page
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Table 28.1 Continued
Wire size 60°C (140°F) 75°C (167°F)
AWG (mm?) Copper Aluminum Copper Aluminum
600 (304) - - 420 340
700 (355) - - 460 375
750 (380) - - 475 385
800 (405) - - 490 395
900 (456) - - 520 425
1000 (506) — — 545 445
1250 (633) - - 590 485
1500 (760) - - 625 520
1750 (887) - - 650 545
20040 (1013) - - 665! 560
NOTES -
1 For multiplg-conductors of the same size (1/0 AWG or larger) at a terminal, the ampacity is‘equal to the value in thi table for that
conductor myltiplied by the number of conductors that the terminal is able to accommodate.
2 These valups of ampacity apply only when not more than three conductors are intended to be field-installed in the ¢onduit. When
four or more fonductors, other than a neutral that carries the unbalanced current, aré.intended to be installed in a copduit
(occurring bgcause of the number of conduit hubs provided in outdoor equipmentythe number of wires necessary in gertain
polyphase systems, or other reasons), the ampacity of each of the conductors is; 80 percent of these values if 4 — 6 gonductors
are involved,|70 percent of these values if 7 — 24 conductors, 60 percent of{hése values if 25 — 42 conductors, and 50 percent of
these values|if 43 or more conductors.

28.3.2 Fo
shall have 4

Exception |
determined
correspond,

Exception
protection
having an 4

28.3.3 Fo
and one or
full-load cu

motors, fixed electrical space heating.Joads and lighting loads, the anticipated
n ampacity of 125 percent of the full-lgad current rating of the load involved.

Uo. 1: A terminal of a componernit.with a marked horsepower rating, such as a mo,
to be capable of retaining fieldwiring having an ampacity of 125 percent of the full
ng to the horsepower rating-from Table 50.1.

No. 2: A terminal<for connection of a heater load provided with individual b
hat is greater thah_125 percent of the heater current, shall be capable of retainin
Impacity not less-than the rating of the branch circuit protective device.

terminatstintended to carry current from a combination of one or more motors, ¢

rentrating of the group plus 100 percent of all remaining loads.

field wiring

for starter, is
load current

fanch circuit
y field wiring

r one motor

more-other loads, the field wiring shall have an ampacity of 125 percent of the largest motor

28.3.4 For terminals intended to carry current from a dc motor load operating from a rectified single
phase power supply (not a variable-speed drive or speed control), the field wiring shall have an ampacity

of:

a) 190 percent of the full-load motor current where a rectifier bridge of the single phase half-wave

type

is used; or

b) 150 percent of the full-load motor current where a rectifier bridge of the single phase full-wave

type

is used.

28.3.5 For terminals that will carry the input current to power conversion equipment or a solid-state motor
speed controller in which the input current is different from the motor full-load current, the field wiring shall

have an am

pacity of 125 percent of the input current rating of the device.
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28.3.6 For terminals intended to carry the load current from a wye-delta starter, the ampacity of the field
wiring shall be:

a)ln

accordance with 28.3.2; and

b) Based on a load current equal to 58 percent of the motor full-load current.

28.3.7 Field wiring terminals intended to carry the current of a part winding motor, where half of the motor
winding is energized during starting and the remaining half of the motor winding is subsequently energized

for the runni

ng condition, the ampacity of the field wiring shall be:

a) In accordance with 28.3.2; and
b) Based upon the FLA from the respective part or half winding being energized insteqd of the full
motagr FLA (both halves).
28.3.8 Forl| industrial process heating employing electric resistance or electrdde heating|technology
including bojlers, electrode boilers, duct heaters, strip heaters, immersion heaters; process aiff heaters, or
other fixed dlectric equipment used for industrial process heating the field wiring shall have anfampacity of
100 percent|of the full-load current rating of the load involved.
28.3.9 Forldielectric heating, induction heating, induction melting;.and induction welding eqgipment and
accessories|for industrial and scientific applications the field wiring\shall have an ampacity of |00 percent
of the full-loqd current rating of the load involved.
28.4 Separation of circuits
28.4.1 An |ndustrial control panel shall be constrdcted so that a field-installed conductor of gny circuit is
segregated gs specified in 28.4.2 or separated by, a barrier from:
a) A field-installed conductor connected to any other circuit unless:
1) Both circuits are ClaSs,2 or both circuits are other than Class 2; and
2) The conductors of both circuits are intended to be insulated for the maximurp voltage of
either circuit.
b) An uninsulated.live part of any other circuit.
c) Alfactorytinstalled conductor connected to any other circuit, unless the conductors of both
circults wilkbe insulated for the maximum voltage of either circuit.
Exception: The fiefa-instalfed conauctors are ot required to be Segregatea or separated by a barrier when

specific installation instructions are included that explain the proper procedure to be followed to install the
equipment to achieve required separation as specified in 54.8.

28.4.2 Field-installed conductors are able to be segregated from each other and from uninsulated live
parts or factory-installed conductors of the industrial control panel connected to different circuits by
arranging the location of openings in an enclosure for the various field-installed conductors with respect to
the terminals or other uninsulated live parts and factory- or field-installed conductors so that a minimum
permanent 1/4 inch (6.4 mm) separation is provided. Field installed conductors of a Class 2 circuit shall be
segregated from field and factory installed conductors and uninsulated live parts of other circuits operating
at over 150 volts to ground so that a minimum permanent 2 inch (50.8 mm) separation is maintained.
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28.5 Cord-connected equipment

28.5.1 An industrial control panel intended to be portable (by hand) or as free-standing stationary
equipment (movable by hand truck or fork lift) and having no provisions for conduit or permanent
connection to a building, is able to be cord-connected to the power supply, load or both.

28.5.2 At the point at which the cord passes through the enclosure wall, a strain relief bushing shall be
provided to prohibit cord abrasion. The strain relief bushing shall comply with the Standard for Conduit,
Tubing, and Cable Fittings, UL 514B.

Exception: A strain relief means that complies with the requirements in the Standard for Industrial Control

Equipment,[UL 508.
28.5.3 The cord shall comply with the Standard for Flexible Cords and Cables, UL 62y"and ke one of the
following types: S, SE, SEO, SEOO, SJ, SJE, SJEO, SJEOO, SJO, SJOO, SJT, SJTQ, SITOP, SO, SO0,
ST, STO, STOO, or portable power cable type G, PPE, or W power cable.
28.5.4 A dord, used on equipment having a:
a) Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosure shall be marked:
1) "Outdoor," or
2)"w;"
b) Type 6 or 6P enclosure shall be marked "waterfésistant;" and

c)T
typel

2855 Th
a)C

b) O
amp

28.5.6 Ca
or between
attached to

pe 12, 12K, or 13 enclosure shall be oilresistant and designated by the letter "O
(such as SO, SJO, or STO).

b required conductor size of asgord shall be determined by:
plculating the required ampacity per 28.3.2 — 28.3.6; and

etermining minimum.conductor size from Table 28.2 or Table 28.3 having a cqg
acity that is not lessithan (a).

ble assemblies and flexible cords provided for interconnection between sections ¢
units of-aysystem shall comply with 28.5.1 — 28.5.5, 28.5.7, and 28.5.8. A multi-p
the cable’assembly shall comply with the requirements for receptacles in 28.6.

" in the cord

rresponding

f equipment
n connector

Table 28.2
Ampacity of flexible cord
Amperes
Conductor size, AWG Two conductors Three conductors?
18 10 7
16 13 10
14 18 15
12 25 20
10 30 25
8 40 35

Table 28.2 Continued on Next Page
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Table 28.2 Continued

Amperes
Conductor size, AWG Two conductors Three conductors?
6 55 45
4 70 60
2 95 80

@Where more than three current-carrying conductors are provided, the ampacity of each of the conductors shall be: 80 percent of
these values for 4 — 6 conductors; 70 percent of these values for 7 — 9 conductors; 50 percent of these values for 10 — 20
conductors; 45 percent of these values for 21 — 30 conductors; 40 percent of these values for 31 — 40 conductors; and 35 percent
of these values for 41 or more conductors.

Table 28.3
Ampacity of portable power cable
Number of current-carrying conductors

Conductqr size, AWG 1 2 32
8 60 55 48
6 80 72 63
4 105 96 84
3 120 113 99
2 140 128 112

1 165 150 131
/0 195 173 151
P/0 225 199 174
B/0 260 230 201
/0 300 265 232
50 340 296 259
00 375 330 289
50 420 363 318
400 455 392 343
00 515 448 392

@ Where morelthan three current-carrying conductors are provided, the ampacity of each of the conductors shall be: 80 percent of
these values for 4 — 6 conductors;, 70 percent of these values for 7 — 9 conductors; 50 percent of these values for 10 4 20

conductors; 4p percent of thesewalues for 21 — 30 conductors; 40 percent of these values for 31 — 40 conductors; andl 35 percent
of these valugs for 41 or mGre‘conductors.

28.5.7 When either or each end of an external interconnecting cable terminates in a connegtor external
to the enclopure on which there are one or more exposed contacts, risk of electric shock shiall not exist
between earth ground and any contact that is exposed on either the connector or 1ts receptacle mounted
on an enclosure surface while the connector is out of its receptacle.

28.5.8 In reference to 28.5.7, an interlock circuit in the cable to de-energize the exposed contacts
whenever an end of the cable is disconnected meets the intent of the requirement.

28.6 Receptacles

28.6.1 A general-use grounding type receptacle and a multi-pin type receptacle shall comply with the
requirements in the Standard for Attachment Plugs and Receptacles, UL 498 or the Standard for
Appliance Couplers for Household and Similar General Purposes — Part 1: General Requirements, UL
60320-1.

28.6.2 A multi-pin receptacle mounted through an enclosure wall shall additionally:
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a) Be provided with a metal housing or comply with the polymeric enclosure requirements in the
Standard for Industrial Control Equipment, UL 508;

b) Be a female type;
c) Comply with 28.5.8 and 28.5.8; and

d) Be marked in accordance with 59.2 and 59.4.

28.6.3 A general-use receptacle or a multi-pin receptacle of the type where the mating part is intended to
be connected to a flexible cord shall be provided only for connection of loads which:

a) Afe portable; or

b) Require frequent interchange.

28.6.4 An
part will hay

pceptacle provided for the permanent connection of a load shall be of‘atype wherg the mating

e provision for connection of conduit.

Of any rating
accordance

28.6.5 A dgeneral-use receptacle rated more than 20 amperes or a multi=pin type receptacle
shall have mechanical means to secure the connection(s). The receptacle shall be marked in
with 59.4.

28.6.6 Clg
for Ground-
ampere reg
otherwise ir

ss A ground fault circuit interrupter protection coniplying with the requirements in the Standard
Fault Circuit-Interrupters, UL 943, shall be provided for all 120-volt, single-phas¢, 15- or 20-
eptacles used in an industrial control panel ndarked as having a Type 3R or 3RX enclosure or
tended for outdoor use.

28.7 Cable assemblies and fittings

intended for

28.7.1 Caple assemblies, male and female cable fittings, panel-mounted fittings and fittings

use in powe

a) 1
Indu

b) T

2238.

29

Internal Wiring

r circuits shall comply with«28.5.6, 28.6.2, 28.6.3 and the requirements in one of th

he Outline of Investigation for Multi-Point Interconnection Power Cable Ass
strial Machinery, ULS2237;

he Standard for'‘Cable Assemblies and Fittings for Industrial Control and Signal Dis

29.1
29.1.1 Al

29.1.2 Al

General

e following:

emblies for

tribution, UL

internal wiring conductors or bus bars shall be made of copper.

internal wiring shall have insulation rated for the maximum voltage involved.

Exception: The voltage rating of conductors connected to a dc circuit, such as a dc bus or dc motor circuits

supplied from power conversion equipment, shall be the peak equivalence of the rms voltage (rated
voltage of the conductor multiplied by the square root of 2) marked on the conductor.

29.1.3 Deleted
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29.2 Conductor requirements

29.2.1
shall be one

of the following:

All internal wiring of power circuits shall have a temperature rating of 90°C (194°F) minimum and

a) Machine tool wire that complies with the Standard for Machine-Tool Wire and Cables, UL 1063.
Flexing or Class K type machine tool wires and cables shall be installed in accordance with

29.3.12;
b) Thermoset insulated wire that complies with the Standard for Thermoset-Insulated Wires and
Cables, UL 44;
¢) THermoplastic insulated wire that complies with the Standard for Thermoplastic-lnsylated Wires
and Cables, UL 83;
d) Appliance wiring material that complies with the Standard for Appliance Wiring’Matefial, UL 758;
or
e) WElding cable installed in accordance with 29.3.12.
Exception: A power supply cord that is integral to a component iscnot required to compgly with this
requirement] when its attachment plug is intended for connection to-a receptacle that compffes with the
Standard foy Attachment Plugs and Receptacles, UL 498 or the )Standard for Appliance Qouplers for
Household gnd Similar General Purposes — Part 1: General Requiirements, UL 60320-1.
29.2.2 Bug bars are able to be used for internal connections in a power circuit when:

a) The bus bars comply with the Standard for Industrial Control Equipment, UL 508,

spac]

b) Th

Exception: 1

29.2.3 Adg
following:

ngs that comply with Table 10.1 or Talle 10.2, as appropriate; or

e bus bars are evaluated accordifg to 29.2.2(b)(1) and 29.2.2(b)(2) below:

1) Spacings are maintaifed in accordance with Section 13, Insulating Materia
10.1 or Table 10.2; and

2) They are constructed in accordance with 29.3.10 and 29.3.11 and sized as
29.6.2.

[his requirement does not apply to bus bars integral to a component.

itionalinsulation, when used, shall be rated 90°C (194°F) minimum and shall be

and having

, and Table

specified in

one of the

a) Insulating sleeving that complies with the Standard for Coated Electrical Sleeving, UL 1441;

b) Insulating tubing that complies with the Standard for Extruded Insulating Tubing, UL 224; or

c) A wrapping of not less than two layers of insulating tape that complies with the Standard for
Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape, UL 510.

Exception: Additional insulation used only for physical protection of the wire and not to comply with
29.4.4(a) is not required to comply with this requirement.
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29.3 Wiring methods

29.3.1 All internal wiring terminations shall be mechanically secured, shall provide electrical continuity,
and shall comply with 29.3.2 — 29.3.7.

29.3.2 A soldered joint shall be mechanically secured before soldering by being:
a) Wrapped at least halfway (180 degrees) around a terminal;
b) Provided with at least one right angle bend when passed through an eyelet or opening; or

c) Twisted with other conductors.

29.3.3 A fonnection to a wire-binding screw shall be made as follows such thatrng-ldose strands
protrude frgm the connection:

a) Splid wire formed into a loop at least three-quarters (270 degrees) around’the terminal; or
b) Sfranded wire that is:

1) Soldered:;

2) Connected to a terminal provided with upturned €nds;
3) Connected to a terminal provided with a cup:washer; or

4) Connected to a crimped pressure terminal connector or eyelet;

29.3.4 A donnection to a terminal of a component'shall be made by:
a) Wire inserted directly into a pressure,wire terminal of the component;

b) Quick-connect terminal of the component, where the mating part is provided with a dimple,
depfession, or spring-type connection such that a mechanical snap-action connection js made that
does not rely solely upon friction between the two parts;

c¢) Crimped-on pressute terminal connector or closed-loop eyelet;
d) Splder terminal‘specified in 29.3.2;

e) Wire-binding 'screw specified in 29.3.3;

f) O;I)en-type eyelet specified in 29.3.5; or

g) Wiring ferrule specified in 29.3.6.

29.3.5 An open-type eyelet shall have:
a) Upturned ends that engage the terminal screw head;
b) Fork- or crimp-type ends that engage the terminal screw shank; or

c) A flat terminal that supports the wire such that loosening of a terminal screw does not result in
the conductor disengaging from the intended connection.

29.3.6 A wiring ferrule shall be:

a) Used with stranded copper wire(s) only;
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b) Terminated in a connector rated for copper wire and rated for the number and size of wire(s)
crimped to the ferrule;

c) Crimped with an appropriate tool as recommended by the ferrule manufacturer before

termi

nating in a terminal of a component;

d) Sized in diameter appropriate for the number of wires and wire size(s) as recommended by the
ferrule manufacturer; and

e) Crimped to the wires such that the length of the uninsulated portion of the wires does not result
in the reduction of electrical spacings when the ferrule is installed.

29.3.7 Mu
mechanical
the electrica

29.3.8 Intg
comply with

29.39 As
on splice cg
insulation sh
10, Spacing

29.3.10 A
that are rate|

29.3.11 Th
be plated wi

tiple conductors secured to a single termination point shall result in a reliable-el
connection made without loose, unretained, or severed stranding, and without a
spacings required in Section 10, Spacings.

rnal wiring connected to earth ground or the grounded secondary side)of a trans
17.3and 17.4.

blice shall be provided with additional insulation complying with"29.2.3 or an insu
nnector that complies with the Standard for Splicing Wire‘Connectors, UL 486C
all overlap the wire insulation or be mechanically supporied such that it complies

p.

d 90°C (194°F) minimum.

e surfaces of bus bars intended to carry*over 600 amperes and that are bolted tg
h tin, silver, or nickel.

29.3.12 Flexible conductors, including swelding cable and machine tool wire identified as

“Class K”, s
UL 486A-48

29.3.13 Un
buses shall
industrial co
having the

hall be retained by termipals-that have been evaluated to the Standard for Wire
B for the size and type, of-conductors involved.

less otherwise miarked, the intended phase arrangement on 3-phase horizontal
be A, B, C from_front to back, top to bottom, or left to right, as viewed from the

ectrical and
reduction in

former shall

ated crimp-
The splice
vith Section

bus bar shall be supported by insulators that comply with Section 13, Insulating Materials, and

gether shall

‘Flexing” or
Connectors,

and vertical
front of the

htrol panel; and on 3-phase, 4-wire, delta-connected systems, the B phase shall b

that phase

higher voltage to ground. Where the intended bus bar phase arrangement diffdrs from the

above convention,‘each bus bar shall be marked to identify the intended phase at each termingtion point.

29.3.14  Ar

industrial control panel constructed specifically for connection to a 3-phase,

-wire delta

supply, such as shown in Figure 75.7 and Figure 75.8, and provided with internal components connected
between a phase and neutral, or an industrial control panel that contains a transformer or power supply
with a 3-phase, 4-wire delta secondary, as described in 16.1(d), and provided with field wiring terminals for
loads to be connected between a phase and the neutral, shall have the internal conductor or bus bar
connected to the phase having the higher voltage to ground to be identified by the color orange at each
termination point.

29.4 Routing of internal wiring

29.4.1 A hole through which insulated wires pass in a sheet metal wall within the enclosure of the
equipment shall be provided with a smooth, well-rounded bushing or shall have smooth, well-rounded
surfaces upon which the wires are able to bear to reduce the risk of abrasion of the insulation.
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29.4.2 Wires shall be routed away from sharp edges, screw threads, burrs, fins, moving parts, drawers,
and similar parts, that are able to abrade the wire insulation. Wires shall also be routed away from heat-
producing components, such as heat sinks of power circuit components, power supplies, transformers,
cabinet heaters, and power circuit resistors.

29.4.3 Clamps, guides, spiral wrap, wire ties, and wiring troughs, either metallic or nonmetallic, used for
routing stationary internal wiring shall be provided with smooth, well-rounded edges. The clamping action
and bearing surface shall be such that abrasion or cold flow of the insulation is not able to occur. Auxiliary
nonconducting mechanical protection shall be provided under a metallic clamp that exerts pressure on a

conductor having thermoplastic insulation less than 1/32 inch (0.8 mm) thick and having no overall braid.

29.4.4 Wifi ; ; ; ded use, or
during mechanical maintenance such as wiring from a stationary part to a part mounted on aAfinged cover
or door, shdll be:
a) Sjranded-type conductors;
b) dabled, routed, secured, and protected so that the wire is not darmaged during ppening and
clos|ng of the door or cover.
Wiring intepded for flexing duty, flexible cord, machine tool wirethat is 8 AWG (8.4 mn}?) or larger,
machine topl wire that is 18 — 10 AWG (0.8 — 5.3 mm?) designatéd as "Flexing" or "Class K], or welding
cable complies with this requirement.
29.5 Separation of circuits
29.5.1 A fhctory-installed conductor shall be separated by a barrier or by additional insulatign complying
with 29.2.3,|or shall be segregated as specified in29.5.2 from:
a) Alfactory-installed conductor used. ip a different circuit unless the conductors of both circuits are
insulated for the maximum voltage.bf either circuit; and
b) Ah uninsulated live part connected to a different circuit.
29.5.2 Sefregation of a conductor shall be accomplished by clamping, routing, or equivalenf means that
provides pgrmanent separdtiqn from a conductor or an uninsulated live part of a different circult.
29.5.3 A g¢onductor<shall be provided with strain relief in accordance with 28.5.2 when strgsses on the
conductor gause the_conductor to move such that compliance with 29.5.1 is not maintained.
29.6 Sizing
29.6.1 Internal wiring of a power circuit shall not be smaller than 14 AWG (2.1 mm?) and shall be
determined by:

a) Calculating the required ampacity by adding the full-load current ratings of all external loads
being carried by the conductor based on the marked load ratings of the industrial control panel. For
motor loads rated in horsepower, the equivalent full-load current rating shall be determined from
Table 50.1 or Table 50.2; and

b) Determining the minimum internal wiring conductor size from Table 28.1, having a corresponding

amp

acity not less than the required ampacity from (a).

The wire temperature rating(s) marked on the component or in the instructions shall be used to

sele

ct the appropriate column(s) from Table 28.1 as follows:
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1) For a 60°C component marking : A conductor with a temperature rating of 90°

shall be used but the conductor size shall be determined using the ampacities
column;

2) For a 75°C component marking : A conductor with a temperature rating of 90°

shall be used but the conductor size shall be determined using the ampacities
column;

C or higher
in the 60°C

C or higher
in the 75°C

3) For a 60°C / 75°C component marking : A conductor with a temperature rating of 90°C or
higher shall be used but the conductor size shall be determined using the ampacities in the

60°C column or the 75°C column.

If the
more

Exception: [
requirement

29.6.2 The

conductor size shall be determined using the ampacities in the 60°C column lif]
when the component is rated 100 amps or less, and the 75°C column inJablg
the component is rated greater than 100 amps.

wire temperature ratings marked on components at both ends pf\the conductd
restrictive wire temperature rating shall be used.

ead wires integral to a component, such as a transformer, are not required to com

required size of bus bars used for internal connections of a power circuit shall:

a)B

extennal loads being carried by the conductor,:«based on the marked load ratings of t

cont

determined by calculating the required ampacity by adding the full-load current

| panel. For motor loads rated in horsepower, the equivalent full-load current raf

detefmined from Table 50.1 or Table 50.2;.and

b) Have a current rating not less tharxgdrrent determined in 29.6.2(a) based on the ma
rating of a bus bar that complies with-29.2.2(a) or the current density not exceeding 10

per 9
minin

hum thickness of bus bar)-of the copper bus bar.

30 Disconnect Switches

30.1 Com

30.1.1 An
Standard fo

bonent reqliirements

Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker End

4) Tf the component markings or instrucfions do not specify a wire temperaturé rating, the

Table 28.1
28.1 when

r differ, the

bly with this

tings of all

;La
e industrial

ng shall be

ked current
DO amperes

quare inch (per 6.45 cm?)\of cross-sectional area (minimum width of bus bar multiplied by

inversestime or instantaneous-trip circuit breaker shall comply with the requirenpents in the

losures, UL

489.

30.1.2 A molded-case switch shall comply with the requirements in the Standard for Molded-Case
Circuit-Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures, UL 489.

30.1.3 A switch unit, an open-type switch or enclosed switch shall comply with the requirements in the
Standard for Enclosed and Dead-Front Switches, UL 98.

30.1.4 A manual motor controller marked "Suitable as Motor Disconnect" shall comply with the
requirements in the Standard for Industrial Control Equipment, UL 508.

30.1.5 A self-protected combination motor controller shall comply with the requirements in the Standard
for Industrial Control Equipment, UL 508, and shall be provided with all accessory parts required by the
product marking.
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30.1.6 Disconnect handles and operating mechanisms shall comply with the requirements in the
Standard for Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures, UL
489, or the Standard for Enclosed and Dead-Front Switches, UL 98, or the Standard for Industrial Control
Equipment, UL 508, for use with the disconnecting device involved.

30.1.7 A pullout switch shall comply with the requirements contained in the Standard for Pullout
Switches, UL 1429.

30.1.8 A fused disconnect switch with provisions for a fuse rated greater than 600A shall comply with
30.1.3 or the requirements contained in the Standard for Fused Power-Circuit Devices, UL 977.

30.1.9 A power circuit breaker shall comply with the requirements contained in the Standprd for Low-

Voltage AC|and DC Power Circuit Breakers Used in Enclosures, UL 1066.

30.2 Sizing of disconnect switch

30.2.1 An|inverse-time or instantaneous-trip circuit breaker shall not carry a full-load current pf more than
80 percent pf its nominal ampere rating.

Exception: An inverse-time circuit breaker that is marked for continuous’use up to 100 percenf of its rating
or an instaptaneous trip circuit breaker, or a power circuit breakér is able to carry a full{oad current

equivalent §

30.2.2 A
enclosed s\

a)F

n

o its ampere rating.

holded-case switch, a switch unit, a fused powercircuit switch, a pullout switch, an
vitch shall have:

br control of one or more non-motor loads:

1) An ampere rating not less than 100 percent of the rated full-load current of th
a non-fused switch; and

2) The full-load current of the loads shall not be more than 80 percent of the
fuses for an enclosed; open, molded case, pullout switch or switch unit with
fuseholder;

br control of a single motor load:

1) A hafsepower rating not less than the motor load rating; or

aecordance with Table 50.1 or the input current rating of a variable speed drive;

H an open or

e load(s) for

rating of the
an integral

2)<An ampere rating not less than 115 percent of the motor full-load currgnt rating in

or

c) For one or more motors or for one motor and any other load(s), an ampere rating or a

hors

epower rating with an equivalent full-load current:

1) Not less than 115 percent of the full load current ratings of all motors, in accordance with
Table 50.1 or the input current rating of a variable speed drive plus the full-load currents of

all other loads; and

2) The rated locked-rotor current of the switch shall not be less than the sum o

f the locked-

rotor currents of all motors, plus the full-load currents of all other loads. For single-phase
motors, the locked rotor current is 6 times the full load current rating as in Table 50.1. For
three-phase motors, the locked rotor current is as in Table 50.3 for motor designs B, C and
D, and 6 times the full load current rating as in Table 50.1 for other motor designs or motors

without a motor design designation. For dc motors the locked rotor current is
full load current rating as in Table 50.2.

10 times the
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30.2.3 A self-protected combination motor controller shall be sized at 100 percent of its full-load current
rating for disconnection of a single motor load.

30.2.4 A manual motor controller marked “Suitable as Motor Disconnect" shall have a rating that
complies with 30.2.2(b) or 30.2.2(c).

30.3 Location

30.3.1

A disconnecting means shall be provided for each incoming supply circuit.

Exception: A disconnecting means is not required when the industrial control panel is marked in

accordance

30.3.2 Thg

30.3.3 A mpanual motor controller marked "Suitable as motor disconnect" shall*be installed

load side of

30.3.4 A nmanual motor controller marked, "Suitable as Motor Disconnect” is able to be inst

line side of
branch circd
30.3.3. In th
shall comply

considered @s supplementary protection.

30.3.5 Wh
one location
equipment if

Exception: 1
one location
location den|

30.3.6 Thq
load side.

Exception N
fed. The ind

with 60.1.

disconnecting means shall open each ungrounded conductor of the supply circuit

he branch circuit protective device.

only on the

blled on the

semiconductor fuses protecting power conversion equipment, as in 31.1.3, wheén separate

it protective devices are also installed on the line side,of the manual motor con
is case, the branch circuit protective devices on the’line side of the manual mot
with 31.3, as they serve as the branch circuit protection, and the semiconductg

bn two or more disconnects are provided, for multiple supply circuits, they shall be
on the industrial control panel. Each disconnect shall be legibly marked to
disconnects.

[wo or more disconnects provided for multiple supply circuits are not required to beé
on the industrial control panel provided a marking is installed at each supply circui
oting the location of all other supply circuit disconnects.

supply connections to a disconnecting means shall not be “back-fed” or revers

0. 1: An-inverse-time circuit breaker that is not marked "Line" and "Load", is able
strial control panel shall be marked as in 57.3.

troller as in
br controller
r fuses are

grouped in
ndicate the

grouped in
disconnect

bd, with the

to be back-

Exception N

marked on the device. The lndustrla/ contro/ panel shall be marked as in 57.3.

only when

Exception No. 3: A disconnect switch as described in 30.1.3 and having contacts that simultaneously
open the line and load side of an integral fuseholder is able to be back-fed. The industrial control panel
shall be marked as in 57.3.

30.4 Mechanical operating mechanism

30.4.1
horizontally,

the "up" position of the handle shall be the "on" position.

When the handle of a main disconnect switch is operated vertically rather than rotationally or

30.4.2 The disconnecting means shall have an indicator to indicate whether it is in the open ("off") or

closed ("on

") position.
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30.4.3 The operating handle of the disconnecting means shall be capable of being locked in the "off" or
open position.

30.4.4 The center of the grip of an operating handle for the disconnecting means provided in a floor-
mounting controller, when in its highest position, shall not be more than 79 inches (201 cm) above the floor

bottom of the enclosure.

31

311 Com

Branch Circuit Protection

ponent requirements

31.1.1 An
Standard fd
489. An ing
device, sha
for Industrig

3112 A
Requireme
be located
meets the 4
are able to

31.1.3 A
Semicondu

3114 A
controller s
with all ac
controllers
combinatio
branch circ

3115 A{
than Class
and the apg

31.1.6 A
with a Clas

!

I

r Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breakef En
tantaneous-trip circuit breaker, in combination with the motor controller @and mg
| additionally comply with the requirements for combination motor contrellers in {
| Control Equipment, UL 508.

ranch circuit fuse shall comply with the Standard for Low-Voltage Fuses — Par
ts, UL 248-1, and the applicable parts of the UL 248 series. A-branch circuit fuse
n a direct-current circuit shall be marked with a dc voltage(rating. A special purpq
pplicable performance requirements of the UL 248 series of standards for a branc
be used as branch circuit protection based on the specified fuse class.

semiconductor fuse that complies with the ‘Standard for Low-Voltage Fuses

self-protected combination motor controller or a manual self-protected combir
hall comply with the Standard fordndustrial Control Equipment, UL 508, and shall
cessory parts required by the_ product marking. Manual self-protected combir
Shall be used with the métor controllers required by the product marking. A s
motor controller or a manual self-protected combination motor controller shall be
it protection for single motor circuits.

iscrete fuseholder,”not an integral part of a disconnect switch, for a branch circy
| shall complyrwith the Standard for Fuseholders — Part 1: General Requirements|
licable Paff.from the UL 4248 series.

iscrete fuseholder, not an integral part of a disconnect switch, rated more than ¢

inverse-time or instantaneous-trip circuit breaker shall comply with the requirefnents in the

closures, UL
tor overload
he Standard

t 1: General
intended to
se fuse that
h circuit fuse

— Part 13:

Ctor Fuses, UL 248-13 is able to be used(dor branch circuit protection of a otor circuit
containing 4 variable speed drive whose installation instructions recommend its use.

ation motor
be provided
ation motor
b|f-protected
Lised only as

it fuse other
UL 4248-1,

00A for use
rd for Fused

5+J,), or T branch circuit fuse shall comply with the requirements in the Standa

Power-Circ

urt pevices, UL 97 7.

31.1.7 The following shall not be relied upon to provide branch circuit protection:

a) A supplementary protector that complies with the Standard for Supplementary Protectors for

Use

in Electrical Equipment, UL 1077;

b) Miscellaneous, miniature, and micro fuses that comply with the Standard for Low-Voltage Fuses
— Part 14: Supplemental Fuses, UL 248-14; and

c) A manual motor controller provided with an instantaneous-trip overcurrent mechanism that

com

plies with the Standard for Industrial Control Equipment, UL 508.
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31.1.8 An industrial control panel that contains a circuit breaker rated 1000 amperes or more or a
fuseholder that accepts a fuse rated 1000 amperes or more shall additionally comply with the
requirements for ground-fault protection in 75.6.

Exception: This requirement does not apply to a panel marked in accordance with 60.1.

31.2 Location

31.2.1
involved.

A branch circuit protective device shall be installed in each ungrounded conductor to the load(s)

Exception N
circuit prote
this requirern

Exception N
a pole for e
required in J

o. 1: An industrial control panel that is intended to be installed on the load sid
Ction provided in the field and marked in accordance with 60.1 is not required|to
nent. Also see 31.2.2.

0. 2: Branch circuit fuses are not required to be provided in a branch-Circuit fuseh
ach ungrounded conductor where the fuseholder is sized to accept the branch
1.3—31.8. See 60.1.

31.2.2 Wh
protection p
component
the field ins
protection.

3123 Afl
are open:

a) Th

b) Th

31.24 The
operates ve

handle is thg "on" position.

31.3 Sizin

31.3.1 The
covered in 3}

bn an industrial control panel is intended to be installed ‘on the load side of br
rovided in the field and the required branch circuit-protection is to be sized

estriction as specified in 31.3.1(b) or 31.3.2 or basedon motor grouping as descri
alled component marking of 60.1 shall include the required size and type of br

seholder within a power circuit shall be located so that when the disconnect swit

e fuses are readily accessible; and

e operator is able to replace the fuse without contacting live parts.

handle of a circuit breaker that is operable from outside the industrial control pa
tically rather than-fetationally or horizontally shall be located so that the "up" po

g of braneh circuit protection for single motor circuit

ampere rating and type of branch circuit protection for a single motor circuit
1.3v2“and 31.3.3, shall be determined based on the smaller of:

e of branch
comply with

blder having
circuit fuse

Anch circuit
pased on a
bed in 31.4,
anch circuit

ch contacts

hel and that
Bition of the

other than

a) Sizing in accordance with Table 31.1, by:

1) Determining the full-load current rating corresponding to the motor horsepower rating

from Table 50.1 or Table 50.2;

2) Determining the maximum percentage of full-load current rating corresponding to the

type of branch circuit device selected from Table 31.1; and

3) Multiplying (1) and (2);

b) Sizing based on component restrictions, as indicated by markings on components, the heater
table of an overload relay, or in the instructions provided with components. In this case, the branch
circuit protection selected shall be coordinated with all power circuit components on the load side of

the p

rotective device and shall:
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1) Have an ampere rating not exceeding the manufacturers maximum specified rating; and
2) Be the same type of device specified by the manufacturer.

When used in instructions for a component, heater tables, or instruction manuals, the term "fuse"
shall refer to a branch-circuit type fuse and "circuit breaker" shall refer to an inverse-time circuit
breaker.

31.3.2 The branch circuit protection for a single-motor circuit provided with a variable-speed drive shall
be of the type and size specified by the manufacturer's instructions provided with the drive. Lower sizes, of
the same type, can be used. When the instructions do not specify the type and size, a branch-circuit fuse

or inverse-

me circuit breaker shall be used and shall be sized in accordance with 31.3.1(a)

based upon

the full-load

Exception
inverse-tim

Exception
bus" drive
conductors
power to th

31.3.3 Ad
controller o
adjustable

motor full Io

31.34 Ad
circuit brea
controller

instantane
cautionary

31.35 Af
provided wi

a)T

b) T
speq

c)T

s
%:s—trip circuit breaker shall be-able to be set for the rating determined from

motor output current rating of the drive.

No. 1: Additional branch circuit protection is not required for a drive provided
b circuit breaker, branch-circuit, or semiconductor fuses in all ungroundeinput cor

No. 2: Unless specified in the installation instructions for a variable-speed drive,
s not required to have individual branch circuit protective devices installed in
See 31.4.2 for branch circuit protection for the power supply converter unit supg
b "common bus" inverter sections.

Hitional branch circuit protection is not required for a self-protected combir]
r a manual self-protected combination motor centroller supplying a single mot
ange of the self-protected combination motor controller shall be capable of bein
ad current rating as determined from 50.1,<The cautionary markings in 55.7 shall b

Hitional branch circuit protection is ‘n0% required to be provided when an instar
er and all of the load side power components have been evaluated as a combi
specified in 31.1.1 and supply a single motor load. The adjustable rg

arkings of 55.6 shall be previded.

useholder shall be sized to accept a fuse in accordance with 31.3.1. The fuseho
h the replacemerit fuse marking of 56.1 when:

ified 11°31.3.1(b); or

he fuseholder'accepts a fuse with an ampere rating greater than specified in 31.3.9;

with integral
ductors.

a "common
fhe dc input
lying dc bus

ation motor
br load. The
h set for the
b provided.

taneous-trip
hation motor
nge of the
31.3.1. The

der shall be

he fuseholder accepts a fuse with an ampere rating that exceeds a component festriction as

he fOseholderis- intended for a semiconductor fuse.

31.3.6 The branch circuit protective device(s) provided in an industrial control panel for a multi-speed
motor having two or more windings or a part winding motor shall have:

a) Individual branch circuit protection for each winding that complies with 31.3.1 based on the full

load

current rating of the protected winding; or

b) A single branch circuit protective device or set of branch circuit protective devices supplying all
windings that complies with 31.3.1 based on the full load current rating of the smallest winding.
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Table 31.1
Maximum rating of motor branch circuit device percent of full load current rating
Nominal rating of motor
branch circuit protective
Type of Branch Circuit . device, percent o_f full load
Protective Device Ampere Rating current rating Notes
Nontime delay fuse 0-600 300 See 31.3.7, 31.3.8, 31.3.9(a)
Nontime delay fuse Over 600 300 See 31.3.7, 31.3.8, 31.3.9(b)
Dual element fuse (time All 175 See 31.3.7, 31.3.8, 31.3.9(c)
delay) except Class CC
Class CC Dugt-etementfuse 5—36 366 See343+34+3.8, 31.3.9(a)
(timg delay)
Inverse-timg circuit breaker 0-100 250 See 31.3.A 81.9.8, 31.3.9(d)
Inverse-tim¢g circuit breaker Over 100 250 See 31.877, 31.3.8, 31.3.9(e)
Instantaneus-trip circuit All 800 See 31.3.4, B1.3.9(f)
bre¢aker
Self-protectgd Combination All 100 See 31]3.3
Motor fontroller
Manual Sglf-protected All 100 See 31]3.3
Combination Motor Controller

31.3.7 Whgn the calculated ampere rating of the branch circuit'\protection as specified in 31]3.1(a) does

not correspd
breaker as s

Exception N
does not co

Exception N
3.75 amperg

31.3.8 Sta

nd to a standard size fuse or circuit breaker, thenext higher size fuse or inversettime circuit
pecified in 31.3.8 shall be used.

0. 1: When the calculated ampere rating of the branch circuit protection specified|in 31.3.1(b)
respond to a standard size fuse or circtit breaker, the next lower standard size shdll be used.

0. 2: When a circuit breaker is used as branch circuit protection of a motor circuit that is rated
s or less in accordance with31.3.1, a 15-ampere circuit breaker is able to be used,|

hdard ampere ratings\for-fuses and inverse-time circuit breakers are 15, 20, 25, 30} 35, 40, 45,

50, 60, 70, $0, 90, 100, 110, 125;*150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 60{, 700, 800,

1000, 1200,
and 10.

31.3.9 Wh
on31.3.1(a

1600, 2000, 2500;73000, 4000, 5000, and 6000. Additional ratings for fuses include 1, 3, 6,

bre the Starting current of the motor opens the branch circuit protective device spegified based
the maximum rating or setting of the branch circuit protective device shall not excg¢ed:

a)4

exceeding 600 amperes;

Q0 percent of full-load motor current for a non-time delay fuse ora Class CC time ds lay fuse not

b) 300 percent of full-load motor current for a non-time delay fuse rated 601 amperes or greater;

c) 225 percent of full-load motor current for a time delay (dual element) fuse;

d) 400 percent of full-load motor current for an inverse-time circuit breaker not exceeding 100
amperes;

e) 300 percent of full-load motor current for an inverse-time circuit breaker rated more than 100
amperes; or

f) 1300 percent of full-load motor current for an instantaneous-trip circuit breaker or 1700 percent of
motor full load current for an instantaneous trip circuit breaker used with a high—efficiency Design B
motor.
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31.4 Sizing of branch circuit protection for motor groups

31.4.1 A group of loads, consisting of two or more motors, or one or more motors and other loads, are
able to be protected by a single set of branch circuit fuses or inverse — time circuit breaker as specified in

(a), (b), or (c):
a) When the branch circuit protection does not exceed 20 A, 125 Vor 15 A, 1000 V or less; and
1) The full load current rating of each motor does not exceed 6 A; and

2) The rating and type of the branch circuit protection is coordinated with component
restrictions in 31.3.1(b); and

3) The rating and type of the branch circuit protection is coordinated with the/fequirements
for other loads in 31.4.4;

b) When the rating and type of the branch circuit protective device complies with 31J3.1 for each
motr circuit in the group, the tap conductors comply with 31.4.3, and the rating and type of the
brarich circuit protection is coordinated with the requirements for other loads in 31.4.4; pr

c) When each power circuit device included on the load side ‘of the branch circuit protection is
eithgr (a) intended for group installation, as determined by a,marking on the componerit, the heater
tablg¢ of an overload relay, or on instructions provided withnthe components, or (b) s¢lected such
that|the rating and type of the branch circuit protective device complies with 31.3 for that individual
motgr circuit, the tap conductors comply with 31.4.3,2and the rating and type of the branch circuit
protgction is coordinated with the requirements for 6ther loads in 31.4.4 and the size df the branch
circyit protection does not exceed the rating determined by (1) or (2), whichever is smaller:

1) Size of branch circuit protection_js'determined by determining the size reqpired for the
largest motor in the group, in accordance with 31.3.1(a) and adding the fullfoad current
ratings of all remaining motors~and the current ratings of all other non-motor|loads in the
grouping; or

2) Size of branch circuit’ protection is chosen so as not to exceed the ampere rating
specified in the group installation marking of all power components and |the type of
protective device:is‘the type specified in the group installation marking. For thé¢ purpose of
making this determination, the term "fuse" refers to a branch-circuit type fuse and the term
"circuit breaker" refers to an inverse-time circuit breaker.

31.4.2 Fof powercaonversion equipment consisting of two or more "common bus" inverter $ections that
are supplief from>a single power supply converter, all sections shall comply with 33.1.2 and shall be
protected by asingle set of branch protective devices installed in the line side of the converter|section. The

branch circlif'pfotective devices shall be sized according to (a) or (b), whichever is smaller: |

a) The maximum usable branch circuit protection specified in 31.3.1 for the largest motor in the
group plus the full-load current ratings of all remaining motors and other loads in the group: or

b) The maximum specified branch circuit protection of the converter section.

31.4.3 The ampacity of the tap conductors, the internal conductors to individual loads, shall be:
a) Not less than 1/3 the ampacity of the branch circuit conductor, calculated as in 28.3.3; or

b) Not less than 1/10 the ampere rating of the branch circuit protection for the group for each motor
circuit provided with a manual motor controller marked “Suitable as tap conductor protection in
group installations ” and complies with the Standard for Industrial Control Equipment, UL 508. The
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conductors on the load side of the manual motor controller shall have an ampacity not less than
calculated in 28.3.2.

31.4.4 For a group that includes other (non-motor) loads, additional branch circuit fuses or inverse time
circuit breakers shall be provided in each circuit in accordance with 31.5 — 31.8.

Exception: Where the ampere rating of the branch circuit protection determined in 31.4.1 does not exceed
the applicable branch circuit protection requirements in 31.5 — 31.8 for a non-motor load in the group,
additional branch circuit protection is not required.

31.5 Receptacles

3151 As
ampere ratin

ngle general-use receptacle shall be protected by a branch circuit protective devig
g not more than the ampere rating of the receptacle.

e having an

uit shall be
bre rating of

3152 Ad
protected by
the receptad

uplex receptacle or two or more receptacles connected to the samebranch cirg
a branch circuit protective device having an ampere rating not mor€than the amp
le.

Exception N btacle rated
15 amperes

0. 1: A 20-ampere branch circuit protective device is able'to be used with a rece

Exception No. 2: Branch circuit protective devices having axating that is smaller than the fating of the
receptacle dre able to be used with a receptacle intended far'use only with a specific piece of equipment
and marked|in accordance with 59.1.
31.6 Sizinp of branch circuit protection for heater loads
31.6.1 Fixed electric space-heating equipment shall be provided with branch circuit protectior} sized:

a) Not larger than 60 amperes;.and

b) Nat larger than the ampacity of the field wiring to the heater load.
Exception: |For heaters usédfor industrial furnaces, pipelines and vessels or outdoor de-icing and snow
melting whefe the heateris.not able to be subdivided into circuits less than 48 amperes, the bfanch circuit
protective dgvice is required to be sized in accordance with 31.6.1(b).
31.6.2 Thg maximum branch circuit protective device shall be 150 amperes for resistive heafing element
loads containedyin a water heater or steam boiler having an ASME rated and stamped vessgl. The load

rating shall comply with 50-5.
31.6.3 Branch circuit protection for industrial process heating employing electric resistance or electrode
heating technology including boilers, electrode boilers, duct heaters, strip heaters, immersion heaters,
process air heaters, or other fixed electric equipment used for industrial process heating shall be sized
based on the ampacity of the field wiring conductors supplying this equipment.

31.6.4 Branch circuit protection for dielectric heating, induction heating, induction melting, and induction
welding equipment and accessories for industrial and scientific applications shall be sized based on the
ampacity of the field wiring conductors supplying this equipment.
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31.7 Sizing of branch circuit protection for appliance loads

31.7.1
sized:

a) Based on the required branch protection as marked on the appliance;

For a single non-motor-operated appliance load, the branch circuit protective device shall be

b) Not more than 20 amperes for an appliance rated less than 13.3 amperes and not marked with a
required branch circuit protective device rating; or

c) 150 percent of the ampere rating of an appliance rated more than 13.3 amperes and not marked

with

a required branch circuit protective device rating.

Exception |
comply with

Exception
correspond,|

31.72 Fo
on:

/o. 1: An appliance provided with a power supply cord and attachment plug-is 10
this requirement. See 31.5.1 and 31.5.2.

No. 2: Where the branch circuit protective device calculated in accordance with
to a standard size overcurrent device, the next larger size is able to’be used.

a single motor-operated appliance, the branch circuit protective device shall be

ne required branch protection as marked on the appliance;

.3.10or31.4.1; or

.5.1 and 31.5.2 for an appliance providedwith a power supply cord and attachmer

31.8 Sizin

31.8.1 Th
fluorescent
wiring.

31.8.2 Th
incandesce

anticipated

32 Overc

g of branch circuit protection for lighting loads

ballasts shall not exceed 20.amperes and shall not exceed the ampacity of the ant

b branch circuit pretection of a circuit supplying lampholders marked "heavy duty"
ht or infrared lamps shall not exceed 50 amperes and shall not exceed the am
field wiring.

irrent Protection of Feeder

321 Corqponent requirements

t required to

(c) does not

sized based

t plug.

b branch circuit protection of a circuit supplying standard-duty incandescent lampholders or

cipated field

for use with
bacity of the

32.1.1 An

inverse-time circuit breaker shall comply with 31.1.1.

32.1.2 A branch-circuit type fuse shall comply with 31.1.2.

32.1.3 A manual motor controller and a combination motor controller that complies with the Standard for
Industrial Control Equipment, UL 508, shall not be located in the feeder circuit and shall not be relied on to
provide overcurrent protection of the feeder.

32.2 Location

32.2.1
conductor.

The overcurrent devices specified in 32.1.1 and 32.1.2 shall be provided in each ungrounded
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Exception: This requirement does not apply to units intended to be provided with overcurrent devices in
the field.

32.3 Sizing of overcurrent protection

32.3.1 The size of the overcurrent protection shall not exceed the ampere value determined from (a) and
(b), whichever is larger:

a) The rating of the largest branch circuit protective device in the circuit plus 125 percent of all
heater loads plus the full-load currents of all other motors or other loads in the group that could be
in operation at the same time; or

b) THe ampacity of the conductors or bus bars on the load side of the overcurrent devicel.

Exception No. 1: Where one or more instantaneous trip circuit breakers or motor short<circujt protectors
are used for motor branch-circuit short-circuit and ground-fault protection, the procedure spegified above
for determinjng the maximum rating of the protective device for the circuit supplying the industrial control
panel shall gapply with the following provision: for the purpose of the calculation, each instanfaneous trip
circuit breaker or motor short-circuit protector shall be assumed to have“a rating not exg¢eeding the
maximum pgrcentage of motor full-load current permitted by Table 31.1 for the type of control ganel supply
circuit protegtive device employed.

32.4 Feedpr taps for non-motor loads

32.4.1 Conductors shall be permitted to be tapped, without overcurrent protection at the tap] to a feeder
as specified|in 32.4.2 - 32.4.4.

32.4.2 Taps Not over 3 m (10 ft) Long. If the length of the tap conductors does not exceed 3 m (10 ft) and
the tap conductors comply with all of the following:

a) THe ampacity of the tap condugtors is:

1) Not less than the combined calculated loads on the circuits supplied |by the tap
conductors; and

2) Not less than the rating of the equipment containing an overcurrent device(s)|supplied by
the tap cenductors or not less than the rating of the overcurrent protective device at the
termination of the tap conductors.

Exception: Where equipment, such as a surge protective device(s) [SPD(s)],|is provided
with specific instructions on minimum conductor sizing, the ampacity of the tap| conductors
SUppIyMg that equipmment Shaltbe permitted 10 be aetermimed based on e manufacturer’s
instructions.

b) The tap conductors do not extend beyond the industrial control panel.

32.4.3 Taps Not over 7.5 m (25 ft) Long. Where the length of the tap conductors does not exceed 7.5 m
(25 ft) and the tap conductors comply with all the following:

a) The ampacity of the tap conductors is not less than one-third of the rating of the overcurrent
device protecting the feeder conductors;

b) The tap conductors terminate in a single circuit breaker or a single set of fuses that limit the load
to the ampacity of the tap conductors. This device shall be permitted to supply any number of
additional overcurrent devices on its load side; and
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c) The tap conductors are protected from physical damage by being enclosed in a raceway or by
other means.

32.4.4 Taps Supplying a Transformer [Primary Plus Secondary Not over 7.5 m (25 ft) Long]. Where the
tap conductors supply a transformer and comply with all the following conditions:

a) The conductors supplying the primary of a transformer have an ampacity at least one-third the

ratin

g of the overcurrent device protecting the feeder conductors; and

b) The conductors supplied by the secondary of the transformer shall have an ampacity that is not
less than the value of the primary-to-secondary voltage ratio multiplied by one-third of the rating of

the qvercurrent device protecting the feeder conductors.
32.5 Feeder taps for motor loads
32.5.1 Fegder tap conductors shall begin and end within the panel, shall have an_ampacity not less than
that requirgd by 29.6.1, shall terminate in a branch-circuit protective device, and,”in additior), shall meet
one of the fpllowing requirements:

a) B not more than 3.0 m (10 ft) in length;

b) Have an ampacity of at least one-third that of the feeder.canductors and be not morg than 7.5 m

(25 t) in length; or

c) Have an ampacity not less than the feeder conductors.
33 Load Controllers
33.1 Component requirements
33.1.1 A |oad controller, including a ‘magnetic or manual motor controller, definite pufpose motor
controller, ¢gombination motor controller;’reduced voltage starter, and solid-state relay or pontroller (a
control confaining a solid-state switching device, such as a triac or SCR, controlling the power{circuit load),
shall comply with the requirements contained in the Standard for Industrial Control Equipment| UL 508.
33.1.2 A Variable speed drive, including individual converter and inverter sections, shall comply with the
requirements in the Stafdard for Adjustable Speed Electrical Power Drive Systems — Par{ 5-1: Safety
Requirements — Electfical, Thermal and Energy, UL 61800-5-1.
33.1.3 A mnotor-controller and a mechanical interlocking mechanism used as part of a reversing motor
controller %hall additionally comply with the overload and endurance test requirements fpr reversing

quipment, UC508:

contactors

33.2 Sizing/rating of load controllers

33.21

a)H

A load controller, other than specified in 33.2.2 shall:

ave a voltage rating not less than the rated voltage of the circuit;

b) Have an current rating not less than the sum of the current ratings of loads controlled with
horsepower ratings converted to a full-load current rating in accordance with Table 50.1 and Table

50.2

;and

c) Be rated for the type of load controlled as specified in Table 33.1.
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Table 33.1

Required controller ratings for various load types

Controller rating

use
ac tungsten
dc tungsten

ac definite-pu

dc definite-pu

dc motor

Type Units Usable load types
ac heater or resistive ac amperes ac heater loads
dc heater or resistive dc amperes dc heater loads
ac amperes, general-purpose or general- | ac amperes ac non-motor-operated appliance or ac
use heater loads, ac power transformer for
non-motor loads
dc amperes, general-purpose or general- | dc amperes dc non-motor-operated appliance or dc

pose motor

pose motor

ac motor, Desjgn B, C, or D

ac amperes or watts

dc amperes or watts

FLA and LRA

FLA and LRA

horsepower

horsepower

heater loads

ac lighting load, ac heater lopd

dc lighting load, d¢ heater lopd

ac hermetic refrigeérant com

motor, ac non“motor-operatg¢d appliance,

or ac heatertoads

dc hermetic refrigerant com
motor, dc non-motor-operat
ondc heater loads

ac motor, ac motor-operated appliance,

ac non-motor-operated appl
heater loads, ac fluorescent

ac power transformer for mgtor loads

dc motor, dc motor-operated appliance,

dc non-motor-operated appl
heater loads

ressor

ressor
d appliance,

ance, ac
ballast load,

ance, or dc

33.22 As

under load

the variable
speed drive

33.23 An

be operated

under load shall:

vitching device located on the line side of a variable speed drive and intended to
hall comply with 33.2.1, except theyampere rating shall be based on the input curr|
speed drive. See 33.2.3 for manually-operated switches located on the line side ¢f a variable
and not intended to be opetated under load.

anually-operated switchlocated on the line side of a variable speed drive and not

a) Have an ampere.rating based on the input current rating of the variable speed drive;

b) Have:

or

1.An ac voltage rating not less than the rated ac input voltage of the variable s

be operated
ent rating of

intended to

peed drive;

2) An ac voltage rating multiplied by the square root of 2 or a dc voltage rating that is not
less than the rated dc input voltage of the variable speed drive; and

c) Have a marking as specified in 57.2 located next to the operating handle of the switch.

33.3 Location

33.3.1

A load controller marked with the words "break all lines" or having a diagram illustrating a break

all lines configuration shall have contacts in each conductor to the load. Other controllers, not marked
"break all lines" shall be configured with contacts in one conductor to a single-phase load and in two
conductors to a three-phase load.
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33.4 Reversing motor controllers

33.4.1

A reversing motor controller shall consist of two controllers that comply with 33.1.3 and shall

additionally be provided with one or more of the following means to prohibit energization of both controllers
simultaneously:

a) Electrically interlocked coils via control circuitry; or

b) Mechanically interlocked by a device that complies with 33.1.3.

33.5 Wye-delta motor controllers

33.5.1 An
a locked ro
33.2, respe
rating for a
correspond
current. Wh
the full-load
Table 33.3.
Table 33.4.

33.5.2 Th
mechanical

hotor controller intended to be used in an open or closed transition wye-delta start

ctively, for its position in the circuit, as illustrated in Figure 33.1. The rated full-
contactor and a motor load rated in horsepower shall be determined from Table §
ng locked-rotor amperes shall be six times the full-load current rating or rated
en standard size contactors are used and motor locked rotor current-does not exce
current rating, the contactor size and resulting wye-delta motor rating shall be as
The minimum horsepower ratings corresponding to standard size contactors 3

)

-

contactor sequencing shall be as shown in_Figure 33.1 with the coils e
y interlocked to prohibit simultaneous energizatiof:

br shall have

for and full-load current rating not less than the "make" and "break" currents 'shown in Table

oad current
0.1, and the
locked rotor
ed six times
specified in
re shown in

ectrically or
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Figure 33.1

Contactor sequencing

OPEN-CIRCUIT TRANSITION CLOSED-CIRCUIT TRANSITION

i M ; 1M é 1M
M—_= M—— T
—2M —_—=2M

2N —— 2M —— aM —— ’D‘EHSJ H:}-T)S—l :ji

RES RES RES

S is
S\/Z*s 2 3
M/:& S

7y
MOTOR MOTOR N

I

% ALTERNATE METHOD = _ALTERNATE METHOD
CONTACTOR SEQUENCE CONTACTOR SEQUENCE
TiN- TRAN- CON- TRANSITION
TACTOR| START |S[TION |RUN TacTor|START 2 3 |RUN
1M X X X M X X X X X
PM X M X X
3 X s X X
esS X X X

SMi261
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Table 33.2

Contactor sizing for wye-delta controller

Contactor designation

Required contactor current rating

"make" current, LRA

"break" current, FLA

™ 0.33 multiplied by motor LRA 0.577 multiplied by motor FLA
2M 0.577 multiplied by motor LRA 0.577 multiplied by motor FLA
1S No current 0.33 multiplied by motor LRA
2S a a
@ Rating of contactor shall be determined based on the impedance provided.
Table 33.3
Horsepower ratings of wye-delta controllers using standard size contactors,
Size of contactor? 3-phase horsepower
60 Hz 60 Hz 50 Hz 60 Hz
Size of 460 or 575
controlle M1 and M2 S 200 volts 230 volts. 380 volts volts
1YD 1 1 10 10 15 15
2YD 2 2 20 25 40 40
3YD 3 3 40 50 75 75
4YD 4 4 60 75 150 150
5YD 5 5 150 150 250 300
6YD 6 6 300 350 500 700
7YD 7 6 500 500 800 1000
8YD 8 7 750 800 1000 1500
9YD 9 8 1500 1500 2000 3000
NOTE — For fnotors having locked rotor currents greater than 6 times the full-load current, use Table 33.2.
@ See Table 33.4 for horsepower ratings correspending to standard size contactors.
Table 33.4
Horsepower ratings for standard size full-voltage magnetic motor controllers
3-phase horsepower
60 Hz 60 Hz 50 Hz 60 Hz
Size of controller 200 volts 230 volts 380 volts 460 of 575 volts
1 Z-1/2 Z-1/2 10 10
2 10 15 25 25
3 25 30 50 50
4 40 50 75 100
5 75 100 150 200
6 150 200 300 400
7 - 300 - 600
8 - 450 - 900
9 - 800 - 1600
NOTE — For motors having locked-rotor currents greater than 6 times the full-load current, use Table 33.2.
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33.6 Controllers for multi-speed and part winding motors

33.6.1

with 33.2.1 based on the full-load current rating of the winding.

33.7 Autotransformer- and resistor-type reduced voltage motor controllers

33.71

the requirements in the Standard for Industrial Control Equipment, UL 508.

34 Overload Protection of Motor Loads

A controller provided for a winding of a multi-speed motor or a part winding motor shall comply

For an autotransformer- type or resistor-type reduced voltage motor controller shall comply with

341 Com
34.1.1 An

controller wi
combination|
Equipment,

34.1.2 Poy
comply with
Requiremen

conversion ¢quipment shall indicate the adjustable range and:means for adjustment. Instructio

with power
overload fun
specified in

bonent requirements

overload relay, including a mechanically- or electrically-operated type~a solid-
th integral overload protection, a manual motor starter and an overload-unit of a se
motor controller shall comply with the requirements in the Standard for Indus
UL 508.

ber conversion equipment that includes a solid-state moptor-overload protection fU
the Standard for Adjustable Speed Electrical Power:Drive Systems — Part
ts — Electrical, Thermal and Energy, UL 61800-5-1. Instructions provided with

conversion equipment that is not provided with“a“motor overload function or wher
ction has not been evaluated shall indicate that a separate overload device is
B4.1.1, 34.1.3, or 34.3.4.

34.1.3 Ovegrload protection provided by a thermal device integral to the motor shall comply wi

34.1.4 A motor protection circuit breaker:that includes motor overload protection function s

with the S
Enclosures,

adjustable r@ange and means for.adjustment.

34.2 Sizin

34.21 An
an ampere {

andard for Molded-Case\Circuit Breakers, Molded-Case Switches and Cir
UL 489. Instructions provided with the motor protection circuit breaker shall

p of overload relay

bverload-rglay with replaceable units shall be capable of receiving a heater elem
[fip rating-that includes 115 percent of the motor full-load amperes.

3422 An

State motor
If-protected
rial Control

nction shall
5-1: Safety

the power
ns provided
e the motor
equired, as

34.3.3

hall comply
cuit-Breaker
ndicate the

bnt that has

verload relay with a mechanical or electronic adjustment shall be capable of beij

hg set at an

ampere rating of 115 percent of the motor full-load amperes.

34.3 Location

34.3.1

Exception No. 1:

Motor overload protection shall be provided for each individual motor circuit.

Branch circuit protection complying with 34.3.4 is not required to comply with this

requirement.

Exception No. 2: A panel having a field wiring diagram marked in accordance with 60.1 to indicate that
required protection is to be provided in the field is not required to comply with this requirement.
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Exception No. 3: Individual motor circuits intended to supply field installed thermally, impedance, or
electronically protected motors and marked in accordance with 50.4 are not required to comply with this
requirement.

34.3.2 The minimum number of poles and location of overload units shall be in accordance with Table

34.1.

Table 34.1
Overload units

Num

Kind o

motor Supply system

as trip coils, relays or thermﬁ

units, such
cutouts?®

1 phase ac o

1 phase ac o

1 phase ac o
2 phase ac
2 phase ac
2 phase ac

2 phase ac

3 phase ac

dc One in either conductor

dc

Two wire, 1 phase ac or dc ungrounded

Two wire, 1 phase ac or dc one conductor One in ungrounded conductor

grounded

dc Three wire, 1 phase ac or dc, grounded-neutral One in either ungrounded conductd

Three wire, 2 phase ac, ungrounded Two, one ineach phase
Three wire, 2 phase ac one conductor grounded | Two in ungrounded conductors
Four wire, 2 phase ac grounded or ungrounded Two, one per phase in ungrounded

Two, one per phase in any ungrour]
Wire

Five wire, 2 phase ac grounded neutral or
ungrounded

Any 3 phase Three, one in each phase

=

conductors

ded phase

& When using
of additional

a 3-pole overload relay for a 1-phase or 2-phase circuit, manufacturer's instructions shall be reference
boles.

i for handling

34.3.3 Md
motor wind
the motor ¢
the thermal
52.2. Moto
connection
accordancs

34.3.4 Bras
motor full-Ig
protection.

34.3.5 An

tor overload protection provided by.a’thermal device, such as a thermostat, in
ng shall have provision for the leads*to be connected directly to the ungrounded
bntroller coil circuit. The industrial-control panel shall be marked to indicate the lo
device is intended to be connected into the motor control circuit in accordance w

overload protection provided by a thermal device integral to the motor wing
to the motor control circuit shall be indicated by a marking on the industrial con
with 50.4 and 60.1.

ad current.rating provides required motor overload protection as well as required 4
A\ marking.shall be located next to the fuseholder in accordance with 56.1.

intérmittent-duty motor that is not able to be operated continuously due to the incl

switches or

egral to the
conductor of
ation where
ith 50.4 and
ing with no
trol panel in

nch circuit protection complying with 34.3.2 and sized with not more than 115 pg¢rcent of the

ranch circuit

sion of limit

timers is not required to be provided with motor overload protection

34.3.6 An overload relay provided as part of a wye-delta controller shall be located on the load side of
contactor M1 and shall be sized in accordance with 34.2.1 or 34.2.2, based on 0.577 multiplied by the
motor full-load current. The starting time of the motor shall be coordinated with the overload relay class,
Class 20 (20 s). For starting times greater than 60 seconds, where the motor is manually started and the
start switch is not able to be left in the "on" position, the overload relay elements are able to be shunted out
during the starting period.

34.3.7 An overload relay shall be provided for each winding of a multi-speed motor or a part winding
motor based on the full-load current rating of the winding.
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35 Power Transformers
35.1 Component requirements

35.1.1 A general purpose transformer shall comply with the requirements in the Standard for Low
Voltage Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage
Transformers — Part 2: General Purpose Transformers, UL 5085-2.

35.1.2 A dry-type general purpose or power transformer shall comply with the Standard for Dry Type
General Purpose and Power Transformers, UL 1561.

35.2 Sizinp of overcurrent protection for power transformer
35.2.1 Overcurrent protection of power transformer primary side only

35.2.1.1 The primary winding shall be provided with a set of branch circuit fuses@ran inversg-time circuit
breaker rated at not more than Table 35.1.

Table 35.1
Sizing of primary winding only branch circuit protection

Rating of branch circuit protection maximum percentage
Powef transformer primary current, amperes of primary current
9 or more 1252
2-8.99 167
less than 2 300

@ Where the chiculated size of the branch circuit protection does not correspond to a standard size fuse or nonadjustgpble inverse-
time circuit br¢aker, the next larger size is able to be used. See 31.3.8 for standard sizes of branch circuit protection.

35.2.1.2 The secondary conductors_of\a’ power transformer having branch circuit protectior| located on
the primary gide only, as in 35.2.1.1, and with:

a) A fwo-wire single voltage secondary; or

b) A three-wire 3-phase single voltage secondary with both primary and secondary sides
connected in a delta configuration

shall be siz¢d with~an ampacity in accordance with Table 28.1, not less than the rating of fthe primary

branch circuit pretection multiplied by the primary to secondary transformation ratio. A power fransformer,
other than ab-specified in this requirement shall r‘nmply with35 2 2

35.2.2 Overcurrent protection of power transformer primary and secondary

35.2.2.1 A set of branch circuit fuses or an inverse-time circuit breaker provided for both the primary and
secondary sides of a power transformer shall be sized in accordance with Table 35.2. A transformer with
multiple secondary windings shall be provided with a set of branch circuit fuses or an inverse-time circuit
breaker for each secondary sized in accordance with Table 35.2.
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Table 35.2

Sizing of primary and secondary branch circuit protection of a power transformer

Primary winding

Secondary winding

Rated amperes

Branch circuit protection,
percent of rated amperes

Rated amperes

Branch circuit protection,
percent of rated amperes

9 or more 250 9 or more 1252
2-8.99 250 less than 9 167
less than 2 300 - -

@ Where the calculated size of the branch circuit protection does not correspond to a standard size fuse or nonadjustable inverse-
time circuit breaker, the next larger size is able to be used. See 31.3.8 for standard sizes of branch circuit protection.

35.2.22 T

a) A
Tabl

b) M
parg
exce

35.3 Locdtion

35.3.1 Bra
primary ang

Exception:

provided where the upstream primary overcurrentprotection provides the required protection.

354 Low

35.4.1 Gelneral

35411 A
transformer
voltage to g
limits of 43.}

354.1.2 T

he overcurrent protection provided in the secondary of the power transformer.shal

E 35.2; or

ore than one set of branch circuit fuses or an inverse-time circuit breaker, each
llel circuit, where the sum of the ampere ratings of the overcurrent protective devi
ed the maximum specified rating from Table 35.2.

nch circuit protection shall be located in each dngrounded conductor of the prima
secondary winding.

ndividual branch circuit protection, cartying only the primary current, is not re

voltage limited energy circuits

low-voltage limitédyenergy circuit shall comply with 43.1.2 and shall be supplied f
that complies ‘with 35.1.1 or 35.1.2. The secondary winding shall be grounded
round at eachconductor supplying the low-voltage limited energy circuit is within
1.2.

he overcurrent protection provided in the secondary of the power transformer shal

set of brang

consist of:

single set of branch circuit fuses or an inverse-time circuit breaker sized in accgrdance with

supplying a

ces does not

y winding or

huired to be

fom a power
so that the
the voltage

consist of a

hcircuit fuses or an inverse-time circuit breakers sized in accordance with Table 4]

1.

35.4.2 Secondary side requirements

35.4.2.1

required to be investigated.

35.4.2.2

routed with conductors of other circuits, shall comply with 38.1.

Components and wiring located entirely within the low-voltage limited energy circuit are not

Internal wiring shall comply with the separation of circuits requirements of 29.5 and, where

35.4.2.3 Field wiring terminals of a low-voltage limited energy circuit shall comply with 37.3.1.
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36 Other Circuit Components

36.1 Capacitors

36.1.1 A capacitor employing a liquid medium more combustible than askarel shall comply with the
protected oil-filled capacitor requirements in the Standard for Capacitors, UL 810, and shall comply with
36.1.2 — 36.1.5. See 10.4 for spacing requirements.

36.1.2 An oil-filled motor start or run capacitor in series with a motor winding shall have an available fault
current (AFC) marking of not less than 5,000 amperes for a motor load rated less than 50 horsepower
(37.3 kW). The capacitor AFC rating shall be included in the determination of the short circuit current rating

of an industfial confrol panel that is marked in accordance with the requirements in Supplemen

36.1.3 An
an available
included in
accordance

36.1.4 An
not less tha

componenty.

36.1.5 A(
voltage.

36.1.6 Ad
with the Die

pil-filled capacitor connected across-the-line, without other impedances imseries

he determination of the short circuit current rating for an industrial-control pane
with the requirements in Supplement SB.

n the current obtained by dividing the rated circuit voltage by the impedance

ry-type or an oil-filled capacitor shall have a voltage rating not less than the

ry-type capacitor connected across-the-line; without other impedances in series, s
ectric Voltage Withstand Test in the Standard for Industrial Control Equipment, UL

36.2 Resistors

36.2.1 A

sistor shall comply with thexStandard for Industrial Control Equipment, UL 508.

36.2.2 A resistor, including a motor braking resistor or a resistor in a closed transition wye-

starter, shall

36.2.3 Wh
part.

Exception: A

be used within its wattage rating.

bn evaluatidg-spacings in Section 10, Spacings, the body of a resistor is an unin

reSistor embedded in a metal sheath and mounted to grounded metal that comp

SB.

shall have

fault current (AFC) rating of not less than 10,000 amperes. The capacitor. AFC rafing shall be

| marked in

bil-filled capacitor in series with other components shall have ‘an available fault clirrent rating

bf the other

ated circuit

hall comply
b08.

delta motor

sulated live

ies with the

Dielectric Valtage Withstand Test in the Standard for Industrial Control Equipment, UL 508, is |

to be evalua

36.2.4

ted to this requirement.

Insulating materials and internal wiring shall not contact a resistor body.

hot required

36.2.5 The ampacity of conductors to a resistor that is not for continuous duty shall be sized in
accordance with Table 28.1 based on the motor full-load current multiplied by the derating factor
(percentage) from Table 36.1. Circuits with "on" and "off" times different from those in Table 36.1 shall be
sized using the percent "on" time.

Exception: A resistor that is part of a product covered by this standard is not required to comply with 36.2.
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Table 36.1
Conductor rating factor for power resistors

Time, seconds Ampacity of conductors in
percent of motor full-load
On Off "On" time, percent current

5 75 6.25 35
10 70 12.50 45
15 75 16.67 55
15 45 25.00 65
15 30 33.33 75
5 5 50.00 89

36.3 Reagtors

I 36.3.1 A rpactor shall comply with one of the following:
a) The Standard for Industrial Control Equipment, UL 508;

b) The Standard for Low Voltage Transformers — Part 1: General Requirements, UL [5085-1, and
the $tandard for Low Voltage Transformers — Part 2: General Purpose Transformers, UL 5085-2;

c¢) The Standard for Dry-Type General Purpose and Power Transformers, UL 1561; or

d) The Standard for Adjustable Speed Electrical“Power Drive Systems — Part|5-1: Safety
Regpirements — Electrical Thermal and Energy; J61800-5-1.

2

36.3.2 A rpactor shall be used within its voltage, ftequency, and current or horsepower rating
Exception: A reactor that is part of a product'covered by this standard is not required to comply with 36.3.
36.4 Surde protective devices (SPDs)

36.4.1 An[SPD shall comply-with the requirements in the Standard for Surge Protective Devices, UL
1449.

36.4.2 The normal gperating voltage rating and MCOV SPD shall not be less than the rated circuit Line-
to-Line (fulljphase) voltage.

36.4.3 Where\pfovided, a SPD shall be connected to each ungrounded conductor. The condluctors used
to connect t ; ] more bends

than required by the construction. Line and ground connecting conductors to a SPD shall not be smaller
than 14 AWG (2.1 mm?).

36.4.4 An SPD marked with a slash voltage rating shall only be used in a circuit where the source is
solidly grounded as noted in 16.3 when voltage is from transformer or power supply provided within the
industrial control panel, or by marking the slash voltage rating on the industrial control panel nameplate in
accordance with 49.6(a), as appropriate. An SPD marked for use on a delta system, such as "600V delta",
can be used on either a wye or a delta system.

36.5 Linefilters

36.5.1 An electromagnetic interference (EMI) or radio frequency interference (RFI) filter shall comply
with the Standard for Electromagnetic Interference Filters, UL 1283 or the Standard for Passive Filter Units
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for Electromagnetic Interference Suppression — Part 3: Passive Filter Units for Which Safety Tests are
Appropriate, UL 60939-3.

36.5.2 An active or passive harmonic filter shall comply with the Standard for Industrial Control
Equipment, UL 508, or the Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1:
Safety Requirements — Electrical, Thermal and Energy, UL 61800-5-1.

36.5.3 A line filter, as described in 36.5.1 and 36.5.2, shall have a voltage rating not less than the rated
circuit voltage, and have a current rating that is not less than the sum of the current ratings of all connected

loads or not

less than the ampacity of the internal wiring conductors.

CONTROL

37 Field Wiring Terminals

371 Com

3711
or 28.7.

A fi

Exception: A
this requirern

37.2 Sizin

37.2.1 The
mm?) condy
protective d
of the secor
connections|

Exception: 1
37.1.Where
required siz

CIRCUITS

bonent requirements

bld wiring terminal for connection to a control circuit shall comply.with 28.2.1 — 28

.2.3,28.2.5

\ terminal that complies with 37.4.1 or the Exception{0,37.3.1 is not required to
hent.

¢

required size of a field wiring terminal for a control circuit shall not be less than 1
ctor minimum and shall be determingd by the ampere rating of the upstream
bvice outside the panel, at the inputterminals inside the panel for power input, or g
dary winding of a control transformer or overcurrent protection inside the panel

[he required size of a fieldwiring terminal rated for 10 amperes or less shall comp.
Table 37.1 specifies.tise of a marking, the field wiring diagram shall be marked to
b of field wiring (sée 64.9).

comply with

4 AWG (2.1
overcurrent
n the rating
for all other

y with Table
indicate the

Ampacities of field wiring con-lc-iaut::Iteo::s?.;maller than 14 AWG (2.1 mm?)
Maximum Gontrol circuit Minimum terminal wire range
terminal ampacity, amperes AWG (mm?) Marking required
10 16 (1.3) yes
10 16-14 (1.3-2.1) no
7 18 (0.82) yes
7 18-14 (0.82-2.1) no
5 20-18 (0.52-0.82) yes
5 20-14 (0.52-2.1) no
3 22-18 (0.32-0.82) yes
3 22-14 (0.32-2.1) no

Table 37.1 Continued on Next Page
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Table 37.1 Continued

Maximum control circuit Minimum terminal wire range
terminal ampacity, amperes AWG (mm?) Marking required
2 24-18 (0.20-0.82) yes
2 24 -14 (0.20-2.1) no
1 26-18 (0.13-0.82) yes
1 26— 14 (0.13-2.1) no
0.8 28-18 (0.08-0.82) yes
0.8 28— 14 (0.08 —2.1) no
0.5 30-18 (0.05-0.82) ye
0.5 30-14 (0.05-2.1) ng

37.3 Field wiring terminals of a low-voltage limited energy circuit

37.3.1 A lerminal for a field wiring connection to a low-voltage limited’ energy circuit| that is not
segregated|from other circuits as in 37.5.1 shall comply with 37.1 and.37%2 and shall be marked to use
Class 1 wiripg for these circuits as indicated in 54.6.

Exception: |A field wiring terminal for a low-voltage limited energy circuit that is segregateql from other
Class 1 andl power circuit terminals and also from Class 2 cireuit terminals is not required to|comply with
37.1and 31.2.

37.4 Field wiring terminals of Class 2 circuits

37.4.1 A terminal for a field wiring connection-{o'a Class 2 circuit is not required to comply with 37.1 and
37.2. Such|a terminal shall comply with the\segregation of circuits requirements in 37.5.1 and shall be
marked to Yse Class 2 wiring for these cireuits as specified in 54.7.

37.5 Sepgdration of circuits

37.5.1 A fleld wiring terminal intended to be connected to a Class 2 circuit and field wiring t¢rminals of a
low-voltage| limited energy‘circuit that does not comply with 37.1 and 37.2 shall comply with 28.4.1 and
28.4.2.

37.6 Rec¢ptacles

37.6.1 Reteptacles faor field wiring connection of a contral circuit shall comply with 28 6

Exception: A receptacle intended for connection to a Class 2 circuit or a low-voltage limited-energy circuit
is not required to comply with this requirement.

37.7 Flexible cords
37.7.1 A cord for field wiring connection of a control circuit shall comply with 28.5.

Exception: A cord for connection to a Class 2 circuit or a low-voltage limited-energy circuit is not required
to comply with this requirement.
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37.8 Cable assemblies and fittings

37.8.1 Cable assemblies, male and female cable fittings, panel-mounted fittings and fittings intended for
use in remote-control, signaling, and power-limited circuits shall comply with the requirements in the
Standard for Cable Assemblies and Fittings for Industrial Control and Signal Distribution, UL 2238, or the
Outline of Investigation for Multi-Point Interconnection Power Cable Assemblies for Industrial Machinery,
UL 2237.

Exception: Cable assemblies and fittings for connection to a Class 2 circuit or a low-voltage limited-energy
circuit are not required to comply with this requirement.

38 Interndl Wiring
38.1 Component requirements

38.1.1 Intgrnal wiring of a control circuit shall comply with 29.1.1, 29.1.2, and one of the following:

a) Ap specified in 29.2.1, except for conductors 16 AWG (1.3 mm?) or smaller, the minimum
temperature rating shall be 60°C (140°F);

b) R¢quirements for power limited cable in the Standard fordPower-Limited Circuit Ca:rles, UL 13,
for upe in Class 2 or low-voltage limited energy circuits-0nly and where separated ffom internal
wiring of other circuits as specified in 29.5; or

¢) Requirements for communication cable in the Standard for Communications Cables,|UL 444, for
use ih Class 2 or low-voltage limited energy cireuits only and where separated from infernal wiring
of other circuits as specified in 29.5.

38.2 Sizinp of internal control circuit conductors

38.2.1 Th4g required size of internal wiripgiin a control circuit shall be determined by:

a) The ampere rating of overedrrent protection for the control circuit or the ampere rfating of the
secopdary of a transformetor power supply; and

b) Dgtermining the niinimum wire size corresponding to the required ampacity based or:

1) Tablex?8:1; or

2) Jabfe 38.1.
Table 38.1
Ampacities of control circuit conductors
Conductor size
Ampacity, amperes AWG (mm?)
10 16 (1.3)
7 18 (0.82)
5 20° (0.52)
3 22° (0.32)
2 24P (0.20)

Table 38.1 Continued on Next Page
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Table 38.1 Continued

Conductor size
Ampacity, amperes AWG (mm?)
1 26° (0.13)
0.8 2gab (0.08)
0.5 302 (0.05)

applications.

@ Where these conductors are contained in a jacketed multi-conductor cable assembly or for jumpers or special wiring

b These sizes of conductors are only for connection of electronic control input/output and control devices.

38.3 Wiri]\g methods, wire routing, and separation of circuits for internal wiring ofia cq

circuit

38.3.1

39 Discopnecting Means

39.1 A cd
disconnecti

40 Overc

40.1 Com

401.2 A
Part 14: Su

40.1.3 An
Supplemen
connected

be additionally evaluated-as to its performance under fault conditions.

4014 Af
4248-1, ang

Intgrnal wiring of a control circuit shall comply with 29.3, 29.4, and 29.5.

40.1.1 A branch circuit fuse shall comply with 31.1.2 or an inverse-time circuit breaker co
1.1.1.

ntrol circuit intended to be supplied from a separate ‘source shall be prov
hg means that complies with Section 30, Disconnect Switches.

irrent Protection

ponent requirements

hiscellaneous or miniature typefuse shall comply with the Standard for Low-Volt
bplemental Fuses, UL 248-14.

overcurrent trip-type supplementary protector shall comply with the S
fary Protectors for_Wse in Electrical Equipment, UL 1077. A supplementary prot
o the load side‘of a branch circuit protective device (not in an isolated secondary

Lisehelder shall comply with the Standard for Fuseholders — Part 1: General Requ
the.applicable Part from the UL 4248 series.

ntrol

ded with a

mplying with

hge Fuses —

tandard for
ector that is
circuit) shall

rements, UL

40.1.5 Where a branch circuit fuse, inverse-time circuit breaker, miscellaneous or miniature type fuse, or
supplemental protector is applied in a dc circuit with a voltage above 32 V, it must be evaluated in
accordance with the appropriate product standard to have a dc voltage rating equal to or greater than the
circuit voltage.

40.1.6 A manual motor controller marked “suitable for tap conductor protection” that is used to provide
supplementary overcurrent protection for a control transformer or power supply on the load side of a motor
branch circuit protective device shall comply with the requirements in UL 508, Standard for Industrial
Control Equipment or UL 60947-4-1, Low Voltage Switchgear and Controlgear, Part 4-1 Electromechanical

Contactors

and Starters.
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40.2 Location of overcurrent protective devices

40.2.1 A branch circuit protective device complying with 40.1.1 shall be installed in each ungrounded
conductor to a control circuit that is supplied from a separate source voltage (not an isolated secondary).

Exception: An industrial control panel intended to be connected to the load side of a branch circuit
protective device installed in the field shall be marked with the required size and type of branch circuit
protection sized in accordance with 40.3.1. See 60.2 for marking.

40.2.2 An overcurrent protective device, either branch circuit or supplementary type, shall be installed in
each ungrounded conductor of the control circuit on the load side of the branch circuit protection in the
power circuft or as specified in 40.2.7 o protect smaller tap conductors where they receiye their supply

and sized in

40.2.3 Anm
overcurrent
each ungrod

brotection for a control transformer or power supply shall be installedwith' one or m

accordance with 40.3.2.

anual motor controller marked “suitable for tap conductor protection” providing sug

nded circuit conductor supplying the control transformer. The man@al*motor contrg

plementary
ore poles in
ller shall be

connected sp that all poles carry current, unless otherwise specified in the manufacturer’s instrpictions.

40.3 Sizinp of overcurrent protection

40.3.1 Bra I more than

20 amperes

hch circuit protective devices provided in accordance’with 40.2.1 shall not be rate

40.3.2 Ovgrcurrent protection shall be sized based on:

a) THe ampacity of the control circuit condueter;

Dvercurrent
trol Circuits
14, Class 2

b) The source of the control circuit voltage in accordance with Section 41, Sizing of
Protgction — Control Circuits (Common), Section 42, Overcurrent Protection — Con
(Isoldted Secondary), Section 43, Low-Voltage Limited Energy Circuits, or Section
Circyits; or

c) A gomponent requirement, as specified in 40.3.3.
having an
instruction

40.3.3 Adg
ampacity le
provided wit

itional overcurrent protective devices shall be provided to protect conductors
5s than required in 38.2.1(a) and individual components or circuits according tq
h the component.

is provided
overcurrent

. 1.\A component, such as an output module of a programmable controller, which

btive device that r\nmplino with 40 3 9, is-not reg Hred-to-be prr\\/iﬂnd with-additional

Exception N
with a prote
protective devices.

Exception No. 2: Direct leads, such as leads integrally attached to a component, measuring a maximum
of 12 inches (305 mm) long or printed wiring board assemblies of components having no connection
external to the industrial control panel do not require additional overcurrent protection.

40.3.4 A fuseholder shall be sized to accept a fuse sized in accordance with 40.3.1 or 40.3.2. The
fuseholder shall be marked with the replacement fuse marking of 56.1.

Exception: A fuseholder for a branch circuit fuse that does not accept a fuse having a greater current rating
is not required to be marked with a fuse replacement marking.

40.3.5 A general-use receptacle provided in a control circuit shall:
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a)H

b)B

ave overcurrent protection not exceeding the rating of the receptacle; and

e restricted to use with programming and diagnostic devices.

The receptacle shall be marked in accordance with 59.3.

40.3.6 The overcurrent protection provided by a supplementary protector shall be sized as specified in
40.3.2 based on the tripping current designated on the manufacturer's trip curve for the device. The rated
current to be carried by the supplementary protector shall not exceed the nominal ampere rating of the

device.

40.3.7 A

overcurrent

currentis n

41 Sizing
411 The
shall have g
specified in

Exception
control wird
provided o
overcurrent

Exception |

control wirgs leave the industrial control panél~enclosure (such as when a start-stop bl

connected
protection

anuat motor controfter marked“suitabte for tap conductor protection providing Su
protection for a control transformer or power supply shall be adjusted so(that
bt greater than the maximum current determined from Table 42.1 or Table 42{2;

of Overcurrent Protection — Control Circuits (Common)

conductors of a control circuit tapped off the load side of the branch circuit prote
vercurrent protection sized in accordance with the ampacity,of-the control circuit
Table 28.1 or Table 38.1.

No. 1: When the control circuit is tapped off a motor branch circuit protective de
s do not leave the industrial control panel enclosure (such as when a start-st
h the enclosure cover) the motor branch circdit protective device provides
protection when its rating does not exceed that specified in Table 41.1.

No. 2: When the control circuit is tapped off a motor branch circuit protective de

Bs a remote control device) the, Motor branch circuit protective device provides
hen its rating does not exceed|that specified in Table 41.2.

plementary
the tripping

ctive device
onductor as

vice and the
pp button is
he required

vice and the
tton is field
the required

Motor|branch circuit protection of comrr;rgllzlgo‘ll:t.:ol circuit without remote control devices
Keontrol circuit wire size Maximum protective dejice rating,
AWG (mm?) amperes
22 (0.32) 12
20 (0.52) 20
18 (0.82) 25
16 (1.3) 40
14 (2.1) 100
12 (3.3) 120
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Table 41.2
Motor branch circuit protection of common control circuit with remote control devices
Control circuit wire size Maximum protective device rating,
AWG (mm?) amperes
22 (0.32) 3
20 (0.52) 5
18 (0.82) 7
16 (1.3) 10
14 (2.1) 45
12 (3.3) 60

42 Overcl

421 Cont

rrent Protection — Control Circuits (Isolated Secondary)

ol transformers

42.1.1 Component requirements

42111 A
General Re
Purpose Tn

control transformer shall comply with the Standard fofdlow Voltage Transforme
huirements, UL 5085-1 and the Standard for Low Veltage Transformers — Part
ansformers, UL 5085-2, or the Standard fors Dry-Type General Purpose

Transformers, UL 1561.

42.1.2 Siz

42121 T
current, rate

Exception: |
where the u

[ds)

ng of overcurrent protection of primary-side only

ne primary winding shall have individual overcurrent protection, carrying only
d not more than specified in Table42.1.

ndividual overcurrent protegtion, carrying only the transformer primary current, is
bstream primary overcurrent protection provides the required protection.

Table 42.1

izing of primarywinding only overcurrent protection of a control transformef

s — Part 1:

2: General

and Power

the primary

hot required

Contr

Rating of overcurrent protection, maximum pgrcentage of

| transformer primary current, amperes primary current
9 or more 1252
2899 167
less than 2 500

@ Where the calculated size of the overcurrent protection, branch circuit or supplementary type, does not correspond to a standard
size protective device, the next larger size is able to be used. See 31.3.8 for standard sizes of branch circuit protection.

42.1.2.2 The secondary conductors of a control transformer having overcurrent protection located on the
primary side only, as described in 42.1.2.1, and with a two-wire single voltage secondary shall be sized
with an ampacity in accordance with Table 28.1 or Table 38.1, that is not less than the rating of the primary
side protective device multiplied by the primary to secondary transformation ratio. A control transformer,
other than as noted in this requirement, shall require the secondary side to be protected as specified in

42.1.3.
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42.1.3 Sizing of overcurrent protection of primary and secondary

42.1.3.1 Individual overcurrent protection on both the primary and secondary sides of a control
transformer shall be sized in accordance with Table 42.2. A control transformer with multiple secondary
windings shall have overcurrent protection in each secondary that is sized in accordance with Table 42.2.

Exception: Individual primary winding overcurrent protection, carrying only the primary winding current of
the transformer, shall not be required when the upstream overcurrent protective device provides the
required protection.

Takla 42 9

Slizing of primary and secondary overcurrent protection of a control transforrrjer

Primary winding Secondary winding
Overcurrent protection Overcurrentjprotection
Rated amperes percent of rated amperes Rated amperes percent of rated amperes
9 qr more 250 9 or more 1292
218.99 250 less than 9 167

les$ than 2 500 - -
@ Where the ¢alculated size of the overcurrent protection, branch circuit or supplementary type, does not correspond|to a standard
size protectiie device, the next larger size is able to be used. See 31.3.8 for standard sizes of branch circuit protectign.

42.1.3.2 The overcurrent protection provided in the secondafy of the control transformer shall consist of:
a) Alsingle set of overcurrent protective devices.specified in Table 42.2; or

b) More than one overcurrent protective.device, where the sum of the ampere ratings does not
excged the maximum allowable rating from Table 42.2.

42.2 Powegr supplies
42.2.1 Component requirements

42.2.1.1 A power supply having an integral isolation transformer, including a linear or switch mode type
power supplly, shall comply with one of the following:

a) The Standard for Power Units Other Than Class 2, UL 1012;

b) The.Standard for Information Technology Equipment — Safety — Part 1: General Rg¢quirements,
UL §0950-1;

c¢) The Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1;

d) The Standard for Industrial Control Equipment, UL 508; or

e) The Standard for Electrical Equipment for Measurement, Control, and Laboratory Use; Part 1:
General Requirements, UL 61010-1, and the Standard for Safety Requirements for Electrical
Equipment for Measurement, Control, and Laboratory Use — Part 2-201: Particular Requirements
for Control Equipment, UL 61010-2-201.

42.2.1.2 A bridge rectifier that is mounted to a grounded metal heat sink shall comply with the Standard
for Power Units Other Than Class 2, UL 1012, or the Standard for Electrically Isolated Semiconductor
Devices, UL 1557.
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42.2.2 Enclosure requirements

42.2.21

A power supply shall be installed in a non-ventilated enclosure, a ventilated enclosure where

the ventilation is not fan-forced, or a fan-forced ventilated enclosure provided with filters over the
ventilation openings.

Exception: A power supply that is encapsulated, in a hermetically sealed case, or provided with a non-
ventilated housing, except for the terminals, is not required to comply with this requirement.

42.2.3 Sizing of power supply

42231 A
rating of the
not more th4

Exception N
for loading t

Exception N
Control Eql
Measureme
of the ampe

42232 W

exceeds th¢ maximum load current specified in 422%3.1, or where the secondary is i

connection
accordance

42233 A

based on the¢ secondary fuse rating or the‘rated current of the power supply secondary.

42.3 Othe

42.3.1 lsol
for Industrig
Systems —
Standard fo
— Part 2-20

device. Where the power supply has multiple secondaries, each secondary shall
n 50 percent of the secondary ampere rating.

0. 1: An enclosed power supply having provisions for connection to conduit is able
b 100 percent of the ampere rating of the power supply.

0. 2: A power supply that complies with the Temperature Test in the Standard fi
ipment, UL 508, or UL Standard for Safety Requirements for Electrical Eq
ht, Control, and Laboratory Use, UL 61010-2-201 is able‘to be used for loading to
e rating of the power supply.

here the sum of the current ratings of all connected loads within the industrial ¢

0 external loads, each secondary circuit.shall be protected by an overcurrent dey
with 42.2.3.1. The fuseholder shall be marked with the fuse replacement marking g

secondary conductor shall havel.an ampacity in accordance with Table 28.1 or

power supply or bridge rectifier shall be loaded at not more than 50 percent of the ampere

e loaded at

b fo be used

br Industrial
Lipment for
100 percent

bntrol panel
htended for
ice sized in
f56.1.

Table 38.1,

" isolated secondary sources

pted secondary circuits that comply with the secondary circuits requirements in t
| Control Equipmeént, UL 508, or the Standard for Adjustable Speed Electrical

Safety Requirements for Electrical Equipment for Measurement, Control, and La

circuit of a
additional

e Standard
ower Drive

Part 5-1: Safety Requirements — Electrical, Thermal and Energy, UL 6180045-1, or the

ratory Use

: Particular Requirements for Control Equipment, UL 61010-2-201, including thg secondary
rogrammable controller or power conversion equipment, is not required to be pfovided with

ercurrent protection. Conductors connected to these secondary circuits shall have an

ampacity in accordance with Table 28.1 or Table 38.1, based on the secondary fuse rating or the rated
current of the power supply secondary.

43 Low-Voltage Limited Energy Circuits

431

43.11

Component requirements

one of the following isolated secondary sources:

a) A control transformer that complies with 42.1;

b) A power supply that complies with 42.2;

A low-voltage limited energy circuit shall comply with 43.1.2 and 43.1.3 and shall be supplied from


https://ulnorm.com/api/?name=UL 508A 2022.pdf

JULY 28, 2022

UL 508A

87

c¢) An isolated secondary source that complies with 42.3;
d) A sealed battery that complies with the Standard for Standby Batteries, UL 1989;

e) A lithium battery that complies with the Standard for Lithium Batteries, UL 1642;

f) A current transformer that complies with the Standard for Low Voltage Transformers — Part 1:
General Requirements, UL 5085-1, and the Standard for Low Voltage Transformers — Part 2:
General Purpose Transformers, UL 5085-2; or

g)A

current transformer with a 5-ampere secondary winding.

43.1.2 Al
volts ac rmq

4313 Al
Table 43.1.

Exception |

bw-voltage limited energy circuit shall have a maximum open-circuit secondary, \
, 42.4 volts peak, or 60 volts dc.

pw-voltage limited energy circuit shall have an overcurrent protection sized in acc

0. 1: A secondary circuit that complies with the Limited Voltagé/Current Circuit R

oltage of 30

prdance with

Equirements

for Secondary Circuits in the Standard for Industrial Control Equipment; UL/508, is not requirgd to comply

with this red

Exception N

uirement.

0. 2: A current transformer is not required to comply with this requirement.

Table 431
Overcurrent protection for a low=voltage limited energy circuit

Open-circuit secondary voltage, V Maximum overcurrent device, ampe|

Fes

0—20 (peak or dc) 5
20.1—42.4 (peak or dc) 100/V
42.5-60 (dc) 100/V

Where "V" is

equal to the peak or dc open-circuit secondary voltage.

43.2 Secq

ndary side requirements

De investigated.

mponentsiand wiring located entirely within the low-voltage limited energy cifcuit are not

43.2.1 Co|
required to
43.2.2 Int

brnal wiring shall comply with the separation of circuits requirements of 29.5 and, v

here routed

with conductors of other circuits, shall comply with 38.1.

43.2.3 Field wiring terminals of a low-voltage limited energy circuit shall comply with 37.3.1.

44 Class 2 Circuits

441 Com

4411

ponent requirements

A Class 2 transformer shall comply with the requirements in the Standard for Low Voltage

Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage
Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3. A not inherently limited Class 2
transformer shall be provided with additional overcurrent protective devices in accordance with the
manufacturer's instructions for the component.


https://ulnorm.com/api/?name=UL 508A 2022.pdf

88 UL 508A JULY 28, 2022

44.1.2 A Class 2 power unit shall comply with the requirements in the Standard for Class 2 Power Units,
UL 1310.

44.1.3 For the purposes of evaluating a circuit, a thermocouple is a Class 2 circuit.

44.1.4 Limited-power (limited energy) circuit supplied by a limited-power source for information
technology equipment shall comply with the Standard for Information Technology Equipment — Safety —
Part 1. General Requirements, UL 60950-1, or the Standard for Audio/Video, Information and
Communication Technology Equipment — Part 1: Safety Requirements, UL 62368-1.

44.2 Secondary side requirements

4421 Cor
investigated

44.2.2 Intg
with conduc

44.2.3 Fie
45 Switch
451

Com

4511 Sw

a) A

contact, time-delay relay, and solid-state\relay or timer, or programmable controller

with
Requ
201:
gene

b) A
Stan

c) A

d) A

ing Devices

hponents and internal wiring located entirely within a Class 2 circuit are ngt|rec

rnal wiring shall comply with the separation of circuits requirements in298.5 and, w
ors of other circuits, shall comply with 38.1.

d wiring terminals shall comply with 37.4.1.

bonent requirements

tching components of control circuit devices shall comply with one of the following:

N overload relay contact, pushbutton;plug-in dry-contact relay and relay sock

the Standard for Industrial €éntrol Equipment, UL 508, or the Standard
irements for Electrical Equipment for Measurement, Control, and Laboratory Us
Particular Requirements fer.€ontrol Equipment, UL 61010-2-201, and shall be
ral industrial use;

snap or special-use switch, including a rocker, toggle, or pushbutton, shall com
Hard for Switches fof Appliances — Part 1: General Requirements, UL 61058-1;

uired to be

here routed

bt, auxiliary
hall comply
for Safety
e — Part 2-
htended for

ply with the

clock-operated switch, such as a 24-hour timer, shall comply with the Standarg for Clock-
Operated Switehes, UL 917;

temperature controller shall comply with the requirements in the Standard for

Indic]

o

ating and -Regulating Equipment, UL 873. Compliance with the Standard fof Automatic

mperature-

Electrical Controls — Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2
standard from the UL 60730 series fulfills these requirements; or

e) A process temperature controller shall comply with the applicable requirements for the product.

f) A emergency stop device, consisting of an actuator (providing mechanically held latching means)
and contact block(s), and an emergency stop unit (that receives inputs from multiple emergency
stop devices) shall comply with the requirements in the Standard for Low-voltage Switchgear and
Controlgear — Part 5-5: Control Circuit Devices and Switching Elements — Electrical Emergency

Stop

Device with Mechanical Latching Function, UL 60947-5-5.

45.2 Sizing/ratings of control circuit switching devices

45.2.1

A switching device shall have:
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a) A voltage rating not less than the rated load;
b) An ampere rating not less than the sum of the current ratings of the loads controlled; and
c) A rating corresponding to the type of load controlled, as specified in Table 45.1.
Table 45.1
Required controller ratings for various load types
Controller rating
Typ? Units Control circuit load types Sizin
ac resis’tive ac amperes ac control transformer, power supply, up to 10 pefcer]t of ampere
solid-state circuit device, pilot lamp or ratinp
LED, annunciator or buzzer
ac general-use ac amperes ac non-motor-operated device-controlled up 10100 perceft of ampere
transformer, power supply, ac solid-state rating
circuit device, ac pilot lamp or LED, ac
annunciator or buzzer
ac general-use ac amperes solenoid, valve, relay coil up to 10 percerft of ampere
ratinp
dc general-use dc amperes dc non-motor operated device{dc solid- up to 100 percept of ampere
state circuit device, dc pilotdamp or LED ratinp
ac pilot futy contact rating code, ac relay or contactor call, VA rating per [lable 45.2
"light duty," control transformery 125 A
"standard duty," solid-state circuitdevice, 360 A
"heavy duty," pilot lamp or LED, 720 JA
horsepower annunciator or buzzer VA rating per [lable 45.4
dc pilot futy contact rating code dc relay or contactor coil VA rating per [able 45.3
Table 45.2
Rating codes for ac control circuit contacts at 50 and 60 hz
Contact c::t?:::lljs Maximum current, amperes® ° Maximum volt-
rating code| | test current! 120 volts 240 volts 480 volts 600 volts amperes
designation amperes Make | Break | Make | Break | Make | Break | Make | Break | Mpake | Break
A150 10 60 6.0 - - - - - - 7200 720
A300 10 60 6.0 30 3.0 - - - - 7200 720
AB00 10 60 6.0 30 3.0 15 1.5 12 1.2 7200 720
B150 5 30 3.0 - - - - - - 3600 360
B300 5 30 3.0 15 1.5 - - - - 3600 360
B600 5 30 3.0 15 1.5 7.5 0.75 6 0.60 3600 360
C150 25 15 1.5 - - - - - - 1800 180
C300 25 15 1.5 75 0.75 - - - - 1800 180
C600 25 15 1.5 75 0.75 3.75 0.375 3.0 0.30 1800 180
D150 1.3 3.6 0.60 - - - - - - 432 72
D300 1.0 3.6 0.60 1.8 0.30 - - - - 432 72
E150 0.5 1.8 0.30 - - - - - - 216 36

150 respectively.

@ The numerical suffix designates the maximum voltage design values, which shall be 600, 300, 150 volts for suffixes 600, 300, and

Table 45.2 Continued on Next Page
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Table 45.2 Continued
. b,
Contact c;r:t?rr]T:Ls Maximum current, amperes® ¢ Maximum volt-
amperes
rating code test current, 120 volts 240 volts 480 volts 600 volts p
designation® amperes Make | Break | Make | Break | Make | Break | Make | Break | Make | Break

¢ Power factor 0.35 or less.

b For maximum ratings at voltages between the maximum design value and 120 volts, the maximum make and break ratings are to
be obtained by dividing the volt-amperes rating by the application voltage. For voltages below 120 volts, the maximum make
current is to be the same as for 120 volts, and the maximum break current is to be obtained by dividing the break volt-amperes by
the application voltage, but these currents are not to exceed the thermal continuous test current.

Table 45.3

Contact rating codes for dc control circuit contacts

Contact rafing Thermal Maximum make or break current, amperes " ¢ Max{mum make
code continuous test or Hreak VA at
designatign® current, amperes 125 volts 250 volts 301to 600 volts | 300 yolts or less
N150 10 2.2 - - 275
N300 10 2.2 1.1 - 275
N600 10 22 1.1 0.40 275
P150 5.0 1.1 - - 138
P300 5.0 1.1 0.55 - 138
P600 5.0 1.1 065 0.20 138
Q150 25 0.55 - - 69
Q300 25 0.55 0.27 - 69
Q600 25 0.55 0.27 0.10 69
R150 1.0 0.22 - - 28
R300 1.0 0.22 0.11 - 28
@ The numeridal suffix designates the maximum voltage ‘design values which are to be 600, 300, and 150 volts for suffixes 600,
300, and 150,|respectively.
b For maximuin ratings at 300 volts or less, tHe maximum make and break ratings are to be obtained by dividing the vplt-ampere
rating by the gpplication voltage, but the current values are not to exceed the thermal continuous test current.
¢ Inductive logdds for control circuits spécified in Section 46

Table 45.4

Conversion of horsepower to VA load ratings

Switch rating, horsepower

Corresponding volt-ampere rating, VA

1/10 144
1/8 182
1/6 21
1/4 278
13 345
12 470
3/4 662

1 768

45.3 Location

45.3.1

All control circuit contacts shall be arranged to open the ungrounded conductor to the coil.
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Exception No. 1: Electrical interlock contacts on multi-speed motor controllers are not required to comply
when the wiring to these contacts does not extend beyond the control enclosure.

Exception No. 2: Overload relay contacts are not required to comply when the wiring to these contacts

does not ex

tend beyond the control enclosure.

Exception No. 3: Contacts of multi-pole control circuit switching devices that simultaneously open both

sides of the

control circuit are not required to comply.

Exception No. 4: Ground test switching device contacts in ungrounded control circuits are not required to

comply.

Exception
comply.

Exception N

Exception |
protection i.

45.4 Undervoltage protection

4541 Th
appliances
failure, or n
three-wire 1

used as patft of this circuit, when the operation proyides equivalent protection.

Exception N
Exception N
Exception N

46 Loads

46.1 Componentrequirements

46.1.1 Ag

No. 5: Solenoid test switching device contacts in ungrounded circuits are not

o. 7: "Run" pushbuttons for two hand operating are not requiredto comply when
b provided in each conductor.

)

-

control circuitry shall be arranged such that" operation of motors or mo

hotor overload relay cycling. The circuit shall“directly control the motor controlle
homentary push to start circuit. The use of programmable components shall be pe

0. 1: Blower motors are not reqelired to comply when moving parts are fully guard
0. 2: Pump applicationsg@are not required to comply.

0. 3: Lighting circuit-applications are not required to comply.

ontrol circuit load shall comply with the following:

0. 6: Coils or contacts used in electronic control circuits are not required to comply.

required to

overcurrent

tor-operated

s not automatically re-started upon the return_of-\power after an undervoltage conglition, power

I, such as a
rmitted to be

pd.

a) A pilot light shall comply with the Standard for Industrial Control Equipment, UL 508, and a
miscellaneous lampholder shall comply with the Standard for Lampholders, UL 496;

b) An electrically-operated valve shall comply with the Standard for Electrically Operated Valves,
UL 429;

c)A

solenoid shall be evaluated for the intended use;

d) A time-indicating or time-recording device, including an hourmeter, or a synchronous motor shall

com

ply with the Standard for Time-Indicating and -Recording Appliances, UL 863;

e) An electrically operated counter shall comply with the Standard for Time-Indicating and
-Recording Appliances, UL 863;
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f) An audible signal appliance, including a horn, bell, or buzzer, shall comply with the Standard for
Audible Signaling Devices for Fire Alarm and Signaling Systems, Including Accessories, UL 464;

and

g) A coil or input circuit to another control circuit switching device or to a load controller shall
comply with other component requirements in this standard.

46.2 Location

46.2.1 All operating coils of electro-mechanical devices and indicator lamps, including the transformer
primary winding of an indicator lamp, shall be directly connected to the grounded side of the control circuit.

Exception:
exceptions i

46.3 Rating of control circuit load

46.3.1 Thg
determined

46.3.2 The
a) As

b) A

46.3.3 Thsg
panel shall

a) As

rating of a control circuit load, other than those specified.in 46.3.2 or 46.3

A\ switching device that is provided within the industrial control panel as @spegified in the
b 45.3.1 is able to be located between the coil and the grounded side of the-¢ontro

circuit.

3, shall be

rom the ampere, volt-ampere, or wattage rating of the device.

e:

marked on the coil; or

volt-ampere rating of a coil of an electro-mechanical relay or contactor shall be:

specified in Table 46.1 when the coil is unmarked.

specified in Table 46.1 for eachelay or contactor caoil;

rating of a control circuit load that is infended to be field connected to the indugtrial control

b) 37 volt-amperes for each load.described in 46.1.1 other than a relay or starter coil; or|
c) Rating marked on the field wiring diagram as in 51.1 and 52.2.
Table 46.1
Relay or contactor coil ratings
Relay or cgntacter-maximum ampere rating of contacts Coil, VA

10 30
oU oU
50 75
100 100
150 100
300 125

47 Miscellaneous Devices

47.1 Surge protective devices SPDs

47.1.1 An SPD used for overvoltage protection shall comply with the requirements in the Standard for

Surge Protective Devices, UL 1449.
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47.1.2 The normal operating voltage rating and MCOV of the SPD shall not be less than the rated circuit
Line-to-Line (full phase) voltage.

47.1.3 A protector for data communications and fire-alarm circuits shall comply with the Standard for
Protectors for Data Communications and Fire-Alarm Circuits, UL 497B.

47.1.4 Deleted

47.1.5 A dry-type capacitor that is placed across the line, without other impedances in series, shall
comply with the Dielectric Voltage Withstand Test in the Standard for Industrial Control Equipment, UL
508.

47.1.6 A ¢apacitor, an axial lead diode, and a transient voltage surge suppressor shall*flave a rated
voltage not|ess than the rated circuit voltage.

47.2 Resistors
47.2.1 Argsistor, including a potentiometer or thumbwheel, shall comply with’ 36.2.2 — 36.2.4]

47.2.2 A potentiometer or thumbwheel shall not be accessible from ‘eutside the industrial gontrol panel
enclosure Unless it is connected to an isolated secondary circuit rated not more than 30 Vac (4R.4 Vdc).

47.3 UPS|(Uninterruptible Power-Supply) Equipment

47.3.1  URS equipment shall comply with the requirements in:
a) The Standard for Uninterruptible Power Systems, UL 1778; and

b) 47.3.2 and 47.3.3.

47.3.2 The industrial panel enclosure shall be ventilated unless the UPS equipment battefies are of a
sealed type|construction or provided'with capacitors in lieu of batteries.

47.3.3 The industrial controly'panel enclosure containing the UPS equipment shall bg marked in
accordancg with 55.8.

Exception: [This marKing-shall not be required for UPS equipment with outputs operating at 50 yolts or less.

47.4 Lineffilters

4741 An electromagnetic interference (EMI) or radio frequency interference (RFI) filter shall comply
with the Standard for Electromagnetic Interference Filters, UL 1283 or the Standard for Passive Filter Units
for Electromagnetic Interference Suppression — Part 3: Passive Filter Units for Which Safety Tests are
Appropriate, UL 60939-3.

47.4.2 An active or passive harmonic filter shall comply with the Standard for Industrial Control
Equipment, UL 508, or the Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1:
Safety Requirements — Electrical, Thermal and Energy, UL 61800-5-1.

47.4.3 A line filter, as described in 47.4.1 and 47.4.2, shall have a voltage rating not less than the rated
circuit voltage, and have a current rating that is not less than the sum of the current ratings of all connected
loads or not less than the ampacity of the internal wiring conductors.
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48 Pneumatic Switching Devices

48.1

A pneumatic control circuit switching device operating at pressures greater than 300 psi (2.07 MPa)

shall comply with the requirements for pressure-operated switches in the Standard for Industrial Control

Equipment,

UL 508.

48.2 A pneumatic control circuit shall operate on compressed air.

RATING

49 Supply Ratings

491 Thei
full-load cur
controlled),

49.2 The f
of all loads
transformers

49.3 The largest motor rating shall be determined based upon thé\full-load current rating of

the source Vv

494 The f
operating af
current ratin

49.5 Each
The short ci

49.6 The
component
marked with
industrial co

a) Th

b) N¢

hput terminals intended to be connected to each source of supply shall be rated’i
rent rating, full-load current or horsepower rating of the largest motor (wheh)multip
number of phases when other than single phase, and the frequency.

Lll-load current rating of the panel shall, at a minimum, include the’sum of the cu
that are able to be operated simultaneously plus the primamy.current rating o
connected to the input voltage.

oltage.

ull-load current of a motor connected to the sécondary side of a power trang
a voltage different from the source voltage-shall be determined based upon
h of the motor divided by the primary to secondary transformation ratio.

set of input terminals in 49.1 supplying a power circuit shall have a short circuit cy
cuit current rating shall be determiined based upon the requirements in Supplemer

oltage rating of an industrial control panel shall not exceed the voltage ra
connected to the source of supply. When an industrial control panel contains

a slash voltage rating, such as 120/240, 480Y/277, or 600Y/347, the voltage 1
htrol panel shall be:

e completeslash voltage rating, when intended for connection to the higher voltag

t more than the lower voltage rating.

50 Individpal LLoad Ratings

h volts, total
e loads are

rent ratings
f all control

he motor at

former and
he full-load

rrent rating.
t SB.

fing of any

omponents
ating of the

or

-

50.1

The output terminals to each individual external motor load shall be rated in volts and amperes, or

volts and horsepower. When an output is rated in horsepower, the output circuit of the panel shall be
evaluated based on the FLC rating from Table 50.1 and Table 50.2. The output terminals to individual
windings of a multi-speed motor or a part winding motor shall comply with this requirement for each
individual winding. For motor loads rated over 500 hp and all motor loads rated over 600V, the motor load

shall be rate

d in volts, full load amperes and locked rotor amperes.
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Table 50.1
Full-load current rating in amperes corresponding to various a-c horsepower ratings
Horse | 110 —120 Volts 200 Volts 208 Volts 220 - 240 380 -415 440 - 480 550 — 600
power Volts? Volts Volts Volts
Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three
phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase
110 3.0 - - - - - 1.5 - 1.0 - - - - -
1/8 3.8 - - - - - 1.9 - 1.2 - - - - -
1/6 44 - 25 - 24 - 2.2 - 14 - - - - -
1/4 5.8 - 3.3 - 3.2 - 2.9 - 1.8 - - - - -
13 72 — 47 — 4.0 — 3.6 — 2.3 — — — - -
112 9J8 4.4 5.6 2.5 54 24 4.9 2.2 3.2 1.3 25 1.4 2.0 0.9
3/4 13.8 6.4 7.9 3.7 7.6 3.5 6.9 3.2 45 1.8 35 N6 2.8 1.3
1 14.0 8.4 9.2 4.8 8.8 4.6 8.0 4.2 5.1 2.3 4.0 21 3.2 1.7
1-1/2 2d4.0 12.0 11.5 6.9 11.0 6.6 10.0 6.0 6.4 3.3 5.0 3.0 4.0 2.4
2 240 13.6 13.8 7.8 13.2 75 12.0 6.8 7.7 43 6.0 34 4.8 2.7
3 34.0 19.2 19.6 11.0 18.7 | 10.6 17.0 9.6 10.9 6.4 8.5 4.8 6.8 3.9
5 54.0 304 | 322 175 | 30.8 | 16.7 | 28.0 15.2 17.9 9.7 14.0 7.6 11.2 6.1
7-1/2 80J.0 | 44.0 | 46.0 | 253 | 44.0 | 242 | 40.0 | 22.0 | 270 140 | 21.0 11.0 16.0 9.0
10 10p.0 | 56.0 | 575 | 322 | 55.0 | 30.8 | 50.0 | 28.0 |<330 18.0 | 26.0 14.0 | [20.0 11.0
15 13p.0 | 84.0 - 48.3 - 46.2 | 68.0 | 42.0 |\ 440 | 270 | 340 | 21.0 | |o7.0 17.0
20 - 108.0 - 62.1 - 59.4 | 88.0 | 64:0°| 56.0 | 34.0 | 440 | 27.0 | I35.0 | 22.0
25 E 136.0 - 78.2 - 74.8 | 110.0 ¢»,68.0 | 70.0 | 44.0 | 55.0 | 34.0 | 44.0 | 27.0
30 E 160.0 - 92 - 88 136.0.| 80.0 | 87.0 | 51.0 | 68.0 | 40.0 | [54.0 | 32.0
40 E 208.0 - 120 - 114 |~176.0 | 104.0 | 112.0 | 66.0 | 88.0 | 52.0 | |[70.0 | 41.0
50 - 260.0 - 150 - 143\\"216.0 | 130.0 | 139.0 | 83.0 | 108.0 [ 65.0 | [86.0 | 52.0
60 E - - 177 - 169 - 154.0 - 103.0 - 77.0 - 62.0
75 E - - 221 - 211 - 192.0 - 128.0 - 96.0 - 77.0
100 E - - 285 - 273 - 248.0 - 165.0 - 124.0 - 99.0
125 E - - 359 - 343 - 312.0 - 208.0 - 156.0 - 125.0
150 E - - 414 - 396 - 360.0 - 240.0 - 180.0 - 144.0
200 E - - 552 - 528 - 480.0 - 320.0 - 240.0 - 192.0
250 - - — - - - - 604 - 403.0 - 302.0 - 242.0
300 E - - - - - - 722 - 482.0 - 361.0 - 289.0
350 E - - - - - - 828 - 560.0 - 414.0 - 336.0
400 - - - - - - - 954 - 636.0 - 477.0 - 382.0
450 E - - - - - - 1030 - - - 515 - 412
500 - = = = = = = 186 = 7860 = 5966 - 472.0

2 To obtain full-load currents for 265 and 277 volt motors,

decrease corresponding 220 — 240 volt ratings by 13 and 17 percent,

respectively.

Table 50.2

Full-load current rating in amperes corresponding to various dc horsepower ratings

Horsepower 90 volts 110 — 120 volts 180 volts 220 — 240 volts 500 volts 550 — 600 volts
1/10 - 2.0 - 1.0 - -
1/8 - 2.2 - 1.1 - -
1/6 - 24 - 1.2 - -

Table 50.2 Continued on Next Page
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Table 50.2 Continued
Horsepower 90 volts 110 — 120 volts 180 volts 220 - 240 volts 500 volts 550 — 600 volts
1/42 4.0 3.1 2.0 1.6 - -
1/3 5.2 41 2.6 2.0 - -
12 6.8 54 34 2.7 - -
3/4 9.6 7.6 4.8 3.8 - 1.6
1 12.2 9.5 6.1 4.7 - 2.0
1-1/2 - 13.2 8.3 6.6 - 2.7
2 - 17 10.8 8.5 - 3.6
3 25 16 122 52
5 - 40 27 20 - 8.3
7-1/2 - 58 - 29 13.6 12.2
10 - 76 - 38 18 16
15 - 110 - 55 27, 24
20 - 148 - 72 34 31
25 - 184 - 89 43 38
30 - 220 - 106 51 46
40 - 292 - 140 67 61
50 - 360 - T3 83 75
60 - - - 206 99 90
75 - - - 255 123 11
100 - - - 341 164 148
125 - - - 425 205 185
150 - - - 506 246 222
200 - - - 675 330 294
@ The full-load current for a 1/4-horsepower, 32-volt dc motor'is 8.6 amperes.
Table 50.3
Lockeld-rotor motor currents corresponding to various a-c horsepower ratings (3-phase)
10-120V 200 V 208V 220-240V 380V-415V 440 -480V 550 — 600 V
Motor Motor Motor Motor Motor Motor Motor
désignations [«designations | designations | designations | designations | designations | designations
HP B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D
1/2 40 23 221 20 20 10 8
3/4 50 28.8 27.6 25 20 12.5 10
1 66 345 33 36 26 45 12
1-1/2 80 46 44 40 27 20 16
2 100 57.5 55 50 34 25 20
3 128 73.6 71 64 43 32 25.6
5 184 105.8 102 92 61 46 36.8
7-1/2 254 146 140 127 84 63.5 50.8
10 324 186.3 179 162 107 81 64.8
15 464 267 257 232 154 116 93
20 580 334 321 290 194 145 116
25 730 420 404 365 243 183 146
30 870 500 481 435 289 218 174

Table 50.3 Continued on Next Page



https://ulnorm.com/api/?name=UL 508A 2022.pdf

JULY 28, 2022 UL 508A 97
Table 50.3 Continued
110-120V 200 V 208 V 220-240V | 380V-415V | 440-480V | 550-600V
Motor Motor Motor Motor Motor Motor Motor
designations | designations | designations | designations | designations | designations | designations
HP B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D
40 1160 667 641 580 387 290 232
50 1450 834 802 725 482 363 290
60 - 1001 962 870 578 435 348
75 - 1248 1200 1085 722 543 434
100 - 1668 1603 1450 965 725 580
125 - 2087 2007 1815 1207 908 726
150 - 2496 2400 2170 1441 1085 868
200 - 3335 3207 2900 1927 1450 1160
250 - - - 3650 - 1825 1460
300 - - - 4400 - 2200 1760
350 - - - 5100 - 2550 2040
400 - - - 5800 - 2900 2320
450 - - - 6500 S 3250 2600
500 - - - 7250 - 3625 2900
50.2 The putput terminals to each individual external lightingrand heater load shall be rated in volts and
amperes, of volts and watts for incandescent lighting or heatéer loads.
50.3 The putput terminals to each individual external dppliance load shall be rated in volts and amperes.
50.4 For gn industrial control panel that is designed to control a field-installed thermally-protected motor,
or an electfonically protected motor, or an*impedance protected motor, the load rating of 0.1 shall be
additionally)marked with:
a) "Thermally protected" or "T:P." and location of field wiring connections of thermal prptector to be
conmected to control circuit for a thermally protected motor;
b) "Impedance protected” or "Z.P." for an impedance protected motor; and
c) “Blectronically‘protected” or “E.P.” for an electronically protected motor.
50.5 For gn industrial control panel that is intended for control of a specific heating element |oad such as
one contained inva water heater or steam boiler having an ASME rated and stamped vessel ag specified in
31.6.2, one'of thetypesimExceptiomNo—2to-3+-6-tthetoadratingof 562 shattadditionatty be marked to

identify the intended load, such as "Water Heater with ASME Vessel" or "Steam Boiler with ASME Vessel",
“Pipeline heater”, “Industrial furnace”, or equivalent wording.

50.6 When a transformer is rated in volt-amperes, a heater load is rated in watts, a capacitor load is
rated in VAR, the full-load current is to be determined as follows:

a) For a single phase load: amperes = (power, in VA, W, or VAR) / (rated voltage)

b) For a three phase load: amperes = (power, in VA, W or VAR) / [(sqg. root of 3) x (rated voltage)].
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51 Ratings for Control Circuit Outputs
51.1 The output terminals of a control circuit switching device for connection to an external control circuit

load that is not defined on the schematic wiring diagram as a device type as specified in Table 45.1 shall
be rated in volts and amperes, or volts and volt-amperes.

51.2 The output terminals of a control circuit switching device for connection of an external control circuit
load that is defined on the schematic wiring diagram and complies with 46.3.3 (a) or (b) shall not require

ratings to be assigned.
MARKINGS
52 Genergl Markings
52.1 Aninglustrial control panel shall be provided with a nameplate marking that includes the following:
a) Manufacturer's name or authorized designation;
b) Complete electrical rating of each source of supply as specified in 49.1;
¢ Short circuit current rating of industrial control panel as specified in 49.5;
d) Figld wiring diagram number when required load ratings from 52.2 or field wiring information of
54.1}54.9, 60.1, or 60.2 is included only on the diagram;
e) Fgctory identification as specified in 52.5;
f) Enflosure Type rating (for enclosed panelsonly) as specified in 53.1; and
g) Ambient temperature rating for industrial control panels, evaluated for ranges other|than 5°C to
40°Q (41°F to 104°F).
52.2 An ingustrial control panel shall be provided with load ratings as specified in Section 50, Individual
Load Rating, and Section 51, Ratirigs for Control Circuit Outputs.
52.3 The lpcation of required-markings shall be in accordance with Table 52.1. All markings, other than
those on a diagram, shalltbe Tocated so that they are visible after installation of field wiring wheh a cover or
door is opemed. An open-industrial control panel with a partial or incomplete enclosure, othef than as in
18.2 and 534, shallicomply with the marking requirements for open-type devices.
52.4 Markingsrequired to be placed on an industrial control panel as specified in notes (a) — {d) and note
(f) of Table 52-+shatt-bemade by d;c-atalllpills, o;”\auccnillg, Of ctuh;llg in—metat-of p=aat;\, or with an

indelible ink on adhesive-backed label stock and permanently attached to the industrial control panel by
rivets, screws, or adhesive.
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Table 52.1
Locations of required markings

Location categories (see notes)

Paragraph General description Enclosed Open
General markings
521 Nameplate stating: manufacturer, maximum voltage, Full Load aorb f
Current rating (FLC), largest motor FLC rating, phase,
frequency, field wiring diagram, environmental type rating, short
circuit current rating
67.1.1 Nameplate stating: manufacturer, maximum voltage, Full Load a -
Currentrating(FEC)targestmotor F=Cratimg; phese;
frequency, field wiring diagram, environmental type rating, short
circuit current rating
52.2 External load ratings a,b,ore eorf
Enclosure markings
53.1 Environmental type a-orb -
53.2 Conduit hubs for Type 2, 3R or 3RX enclosures a, b, ore -
53.3 Conduit hubs for Type 3, 3S, 3SX, 3X, 4, 4X, 5, or 12 enclosures a,b,ore -
53.4 Modular enclosure marking, specifying interconnections aorb -
53.5 Single conduit entry, non-metallic enclosure only a,b,ore -
53.6 Location of conduit entry aorb -
53.7 Instructions for field installed bonding means a,b,ore -
53.8 Instructions for field installed equipment to maintain Type ratings a,bore -
Field wiring terminal markings
54.1 Field wiring terminal identification c c
54.2 -54.4,154.11 | Type of field wiring conductors, field wiring temperature rating b, c,ore c, e, orf
(power circuit only), terminal tightening torque
54.5 Equipment grounding termiinal identification c c
54.6 Class 1 markings b, c,ore c, e, orf
54.7 Class 2 markings b,c,ore c,e,orf
54.8 Routing of Class 1 and Class 2 conductors b,c,ore c,e,orf
54.9 Controkcireuit wire size [less than 14 AWG (2.1 mmz)] b,c,ore c,e,orf
54.10 Carheet secondary neutral to grounding electrode conductor b,c,ore c,e,orf
54.12 Slash voltage rating a,b,ore eorf
Cautionary markings
554 Multiple disconnect marking a d
55.5 Polymeric enclosure with multiple conduit entries b -
55.6 Instantaneous trip circuit breaker used as branch circuit a,b,orc cord
protection for a combination motor controller
55.7 Self-protected combination motor controller, including manual a,b,orc cord
type
55.8 UPS equipment outputs remain live with main disconnect in off a d
position
Fuseholders
56.1 Fuse replacement marking borc cord

Switches

Table 52.1 Continued on Next Page
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Table 52.1 Continued

c) Marking sh

be supplied a

d) Marking sh
enclosure).

e) Marking sh

Location categories (see notes)
Paragraph General description Enclosed Open
571 Disconnect handle, "on" and "off" c -
57.2 Manual switch, not to operate under load c c
57.3 Reverse fed disconnecting means a d
Overload Relay Heater Tables
58.1 Overload relay heater element table borc cord
Receptacles
59.1 General use receptacle in power circuit c c
59.2 Multi-pin receptacle, identification of load connection c c
59.3 General use receptacle in control circuit c c
594 Receptacle not to operate under load o c
Field provided components
60.1, 60.p Disconnect switch, branch circuit protection and/or overload e e
relay to be provided by installer
60.3 Other devices to be provided by installer e e
60.4 Pressure wire connectors, cable lugs or terminal kit providéd by e e
installer for connection to busbars
Schematic Wiring Diagrams
61.1,61.p Complete schematic e e
NOTES
a) Marking shgll be visible without opening the door or cover of tie'enclosure.

b) This markirjg is able to be provided on the door or cover_ of the enclosure or on the inside walls of the enclosure.

described in (d).

pll be shipped separately on a selffadhesive label with the device (this is intended to be placed on or in

bll be on the field wiring-diagram, prints, or instructions that are referenced on the panel nameplate and

bll be on or adjacent to the component inquéstion. Fuse replacement markings are able to be on a charf displayed
as specified i} (b) when each fuseholder is markedwwith a distinctive designation, such as F1. For open panels, the cH

f) Marking shgll be on the subpanel component mounting plate.

shipped with the panel (either loosely..in the "print pocket," or adhered to the inside of the enclosure).

art is able to

he ultimate

s to be

52.5 A manufacturer who assembles industrial control panels in more than one factory sha
distinctive marking*which will identify the industrial control panel as a product of a particular fac

Il provide a
ory.

52.6

load may be marked to indicate suitability for use in load management applications.

53 Enclosure Markings

Industrial Control Panels including control circuitry which limit output current to a marked maximum

53.1 An enclosed industrial control panel shall be marked with the type designation determined from
Section 19, Enclosure Openings.

53.2 An enclosed industrial control panel marked as Type 2, Type 3R or Type 3RX enclosure as
specified in 53.1 and that is not provided with conduit hubs as specified in Table 19.1 shall be marked to
indicate that raintight or wet location hubs that comply with the Standard for Conduit, Tubing, and Cable
Fittings, UL 514B, or hubs having the same environmental rating as the enclosure shall be used.
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53.3 An enclosed industrial control panel marked as Type 3, 3S, 3SX, 3X, 4, 4X, 5, or 12 enclosure as
specified in 53.1 that is not provided with conduit hubs as specified in Table 19.1 shall be marked with
instructions identifying the specific hub or fitting intended to be used or to use hubs or fittings with the
same environmental rating as the enclosure.

53.4 An enclosed industrial control panel consisting of two or more sections intended to be connected
together in the field shall have the following marking on each section, "Section __ of __ |, see diagram
No. _ forinterconnections" or equivalent wording.

53.5 A pushbutton station or selector switch enclosure made of insulating material that has no means for
continuity of grounding between conduit entries shall be marked to indicate that only one conduit shall be

connected
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required, ag

53.7 Ane
installation

53.8 Encl
following o
only Listed
compliance
manufactur

O the enclosure.

nclosure with electrical spacings between live parts and conduit fittings+that a
specified in 10.7, shall be marked to identify the area where conduit is able to ente

hclosure intended for field assembly of the bonding means as in 24-4(b) shall be p
nstructions that identifies the parts for bonding and specifies thexmethod of installa

pbsures shipped with open holes, as specified in Section(19.6, are to be mark
the equivalent: "To maintain the environmental rating,efdhis enclosure, install in
or Recognized control devices with the same environmental rating as the
with the installation instructions of the device.” Alterhately, the panel may identify
er and models of the field installed equipment.

54 Field Wiring Terminal Markings

54.1  Allfi

Id wiring terminals shall be marked.to\indicate proper connections of supply, loads|

circuit. A tefminal marking consisting of an,alphanumeric code shall correspond to markingg
wiring diagram.

54.2 Allfi
a)T
b)T

c)T

Id wiring terminals shall be’marked with:
he required type offigld wiring conductor in accordance with 54.11.
ne required temperature rating of the field wiring conductors as specified in 54.3;

he required.terminal tightening torque as determined from 54 .4.

54.3 All fig

the followin

Id\wiring terminals of the power circuit shall be marked for use with field wiring h
[ etnpe . ; . . : -

28.3.1 and Table 28.1:

a) 60°C (140°F) for terminals rated less than 100 amperes;

re less than
r.

rovided with
tion.

ed with the
e openings

rnclosure in

the specific

and control
on the field
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rmined from

b) 75°C (167°F) for terminals rated less than 100 amperes and the do not accept the required 60°C
conductor; or

c) 75°C (167°F) for terminals rated 100 amperes or more.

Exception: This marking is not required for field wiring terminals for connection of a non-motor load rated
15 amperes or less.

54.4 All field wiring terminals shall be marked with the tightening torque determined from:
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a) The manufacturer's specifications, installation instructions, or markings on the product; or

b) Table 54.1, Table 54.2, or Table 54.3, where the marking shall be 90 — 100 percent of the value
from the tables.

A component, such as a motor starter or fuseholder, that is provided with a tightening torque marking that
is visible to the installer complies with this requirement.

Exception No. 1: A wire-binding screw is not required to be marked with a tightening torque.

Exception No. 2: A control circuit terminal that has a rated tightening torque of 7 inch-Ib (0.8 N-m) is not

required to e Tarked witira tigitering torque.
Table 54.1
Tightening torque for screws
Tightening torque, pound-inches (N-m)
Test wire sige installed in Hexagonal head-external drive socket
conhector Slotted head No. 10 and larger wrench
Slot width — 0.047 inch | Slot width — over 0.047
(1.2 mm) or less and inch (1/2 mm) or sl6t
AWG or slot length 1/4 inch (6.4 | length — over 1/4dnch Split-bolt

kemil (mm?) mm) or less (6.4 mm) connectors Other|connectors

18-10 (0.82-5.3) 20 (2.3) 35 (4.0) 80 (9.0) 75 (8.5)

8 (8.4) 25 (2.8) 40 (4.5) 80 (9.0) 75 (8.5)

6-4 (13.3-21.2) 35 (4.0) 45 (5.1) 165 (18.6) 110 (12.4)

3 (26.7) 35 (4.0) 50 (5.6) 275 (31.1) 150 (16.9)

2 (33.6) 40 (4.5) 50 (5.6) 275 (31.1) 150 (16.9)

1 (42.4) - 50 (5.6) 275 (31.1) 150 (16.9)

1/0 - 2/0 (563.56-67.4) - 50 (5.6) 385 (43.5) 180 (20.3)
3/0-4/0 | (85.0-107.2) - 50 (5.6) 500 (56.5) 250 (28.2)
250 — 350 (127 =177) - 50 (5.6) 650 (73.4) 325 (36.7)
400 (203) - 50 (5.6) 825 (93.2) 375 (36.7)

500 (253) - 50 (5.6) 825 (93.2) 375 (42.4)

600 — 750 (304 — 380Q) - 50 (5.6) 1000 (113.0) 375 (42.4)
800 — 1000 (406.2508) - 50 (5.6) 1100 (124.3) 500 (56.5)
1250 - 2000 | (6354 1010) - - - 1100 (124.3) 600 (67.8)

NOTE — For vi ; ith the
conductor size shall be marked. Slot width is the nominal design value. Slot length shall be measured at the bottom of the slot.
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Table 54.2
Tightening torque for slotted head screws smaller than No. 10 intended for use with 8 AWG (8.4

mm?) or smaller conductors

Tightening torque, pound-inches (N-m)
Slot length of screw?® Slot width of screw®, in (mm)
inches (mm) Smaller than 0.047 (1.2) 0.047 (1.2) and larger

Less than 5/32 (4) 7 (0.79) 9 (1.0)
5/32 (4) 7 (0.79) 12 (1.4)
3/16 (4.8) 7 (0.79) 12 (1.4)
7/32 (5.6 7 (0.79) 12 (1.4)

1/4 (6.4) 9 (1.0) 12 (1.4)

9/32 (7.1 15 (1.7)
Above 9/p2 (7.1) 20 (2.3)

@ For slot lengths of intermediate values, torques pertaining to next shorter slot length shall be utilized) For screws with multiple
tightening mgans, the largest torque value associated with the conductor size shall be marked. Slotlength shall be njeasured at
the bottom of the slot.

b Slot width i§ the nominal design value.

Table 54.3
Tightening torque for socket:head screws
Socket size across flats Tightening torque
innches (mm)? Pound-inches (N-m)
1/8 (3.2) 45 (5.1)
5/32 (4.0) 100 (11.B)
B/16 (4.8) 120 (13.p)
/32 (5:6) 150 (16.p)
1/4 (6.4) 200 (22.p)
b/16 (7.9) 275 (31.11)
3/8 (9.5) 375 (42.4)
1/2 (12.7) 500 (56.p)
D/16 (14.3) 600 (67.B)

@ For screws with multiple’'tightening means, the largest torque value associated with the conductor size shall be marked. Slot
length shall He measured at the bottom of the slot.

54.5 The equipment grounding conductor terminal shall be identified by one of the following methods:
a) With a green, not readily removable terminal screw with a hexagonal head;
b) With a green, hexagonal, not readily removable terminal nut;
c¢) With the words, "Ground" or "Grounding" ;
d) With the letters, "G", "GR", "GRD", "GND" or "GRND" ;
e) With the symbol in Figure 54.1.

f) If the equipment grounding conductor terminal is within a housing (i.e., terminal block),
identification shall be made by either or both of the following methods:
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1) 54.5 (c), (d), or (e) on or adjacent to the housing near the terminal opening;
2) The terminal housing colored the bicolor combination green-and-yellow.
Figure 54.1
Grounding symbol (IEC Publication 417, Symbol 5019)
54.6 Field wiring terminals of a low-voltage limited energ@y circuit or of a low-voltage, less than 30 Vrms,
isolated segondary circuit shall be marked "Class T eontrol circuit," "Use Class 1 condutors," "For

connection f

54.7 Field
conductors, ]

54.8 An in
contains a
specifying h

549 Afiel
the Exceptid

54.10 For

p a Class 1 remote control circuit,” or thetequivalent.

wiring terminals of a Class 2 circuit shall be marked "Class 2 control circuit," "{
"For connection to a Class 2.remote control circuit," or the equivalent.

dustrial control panel that_contains a Class 1 control circuit and/or a power circ
Class 2 circuit and that is not provided with barriers shall have markings or
bw required separation of field wiring conductors shall be maintained.

i wiring termifal for a control circuit conductor smaller than 14 AWG (2.1 mm?) as
n to 37.2.4/shall be marked with the wire size(s) to be used.

an_industrial control panel containing one or more grounding electrode conduct

required by

se Class 2

it and also
instructions

specified in

pr terminals
size of the

16.2, each grounding electrode conductor terminal shall be marked to identify the

field supplied grounding electrode conductor and the source of the separately derived system voltage.

Exception No. 1: The marking is not required when the grounding electrode conductor terminal is not
required in accordance with the Exception No. 1 to 16.2.

Exception No. 2: When a single grounding electrode conductor terminal is supplied for multiple separately
derived systems in accordance with Exception No. 2 to 16.2, the marking in 54.10 shall specify that a 3/0
AWG grounding electrode conductor is required to connect the grounded conductors of multiple
separately derived systems to a grounding electrode.

54.11

All field-wiring terminals shall be marked with one of the following:

a) "Use Copper Conductors Only" for terminals intended for connection only to copper wire;
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b) "Use Aluminum Conductors Only" for terminals evaluated only for connection to aluminum wire;

c) "Use Copper or Aluminum Conductors" or "Use Copper, Copper-Clad Aluminum, or Aluminum
Conductors" for terminals evaluated for either copper or aluminum wire; or

d) "Use Copper or Copper-Clad Aluminum Conductors" for terminals evaluated for connection to

either copper or copper-clad aluminum wire.

54.12 For an industrial control panel with a slash voltage rating as in 49.6(a), the input terminals shall be
marked, “For use on a solidly grounded wye source only”, or the equivalent.

55 Hazarg-Markings

55.1 Hazs
appearancq

55.2 A h4
letters not
specified, s

55.3 Aha
normal op€

visible wheip such servicing is performed.

rd markings shall be located on a part that is not removable without impairing, the
of the equipment.

zard marking shall be prefixed with the word "CAUTION" or "WARNING," as a
ess than 1/8 inch (3.2 mm) high. The remaining letters of such marking, unles
nall not be less than 1/16 inch (1.6 mm) high.

vard marking intended to instruct the operator shall be legible and visible to the op
ration of the equipment. A marking that provides sérvicing instructions shall bg

554 Ani
more than
marked wit
— More thar
assessmen

Exception:

55.5 The
accordance
consist of t
not automa
or equivalg
grounding K

55.6 Anin

d
}me disconnect switch is required to disednnect all power within the control pg

ustrial control panel intended to be provided with more than one supply sour:
the word "CAUTION" or "WARNING" and the following or equivalent: "Risk of El

one disconnect switch may be required to de-energize the equipment before serv
I shall be performed to justify if the. word "WARNING" or "CAUTION" shall be used|

his marking is not required foran isolated control circuit contact that is separately
marking required far ‘enclosures intended for field assembly of the bondin
with 24.1(b) shall.be\located where visible during installation, such as inside th
ne word "CAUTION” and the following or equivalent, "Bonding between conduit g

ic and must be provided as a part of the installation;" or the word "CAUTION" and

ushings and jumper wires."

dustrial control panel provided with an instantaneous trip circuit breaker used as h

operation or

pplicable, in
s otherwise

erator during
legible and

ce such that
nel shall be
ectric Shock
cing." A risk

supplied.

J means in
b cover, and
onnection is
he following

nt, "Nonmetallic enclosure does not provide grounding between conduit conngctions. Use

ranch circuit

protection f

br 2’ combination motor controller shallbe marked-

a) With the word "WARNING" and the following or the equivalent: "To maintain overcurrent, short-
circuit, and ground-fault protection, the manufacturer's instructions for selecting current elements
and setting the instantaneous-trip circuit breaker must be followed."

b) With the word "WARNING" and the following or the equivalent: "Tripping of the instantaneous-
trip circuit breaker is an indication that a fault current has been interrupted. Current-carrying
components of the magnetic motor controller should be examined and replaced if damaged to
reduce the risk of fire or electric shock. If burnout of the current element of an overload relay
occurs, the complete overload relay must be replaced.”

55.7 An industrial control panel provided with a self-protected combination motor controller shall be
marked:
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a) With the word "WARNING" and the following or the equivalent: "To maintain overcurrent, short-
circuit, and ground-fault protection, the manufacturer's instructions for selection of overload and
short circuit protection must be followed to reduce the risk of fire or electric shock."

b) With the word "WARNING" and the following or the equivalent: "If an overload or a fault current
interruption occurs, circuits must be checked to determine the cause of the interruption. If a fault
condition exists, the current-carrying components should be examined and replaced if damaged,
and the integral current sensors must be replaced to reduce the risk of fire or electric shock."

55.8 An industrial control panel incorporating UPS equipment shall be marked with the word "Danger" or
"Warning" and the following or equivalent: “Risk of Electric Shock — UPS equipment outputs remain live

with main disconnect in off pneiﬁnn

56 Fusehglder Markings
56.1 A branch circuit fuseholder that accepts a fuse having a rating larger thancthe maximym specified
rating and all control circuit fuseholders shall be marked with the voltages,and current rating of the
replacement fuse.

57 Switch|Markings

57.1 The gperating handle of each disconnecting means shall be.marked to indicate the opeh ("off") and
closed ("on") positions.

57.2 A mahual switch not intended to be operated undefload as specified in 33.2.2 shall be marked "Do
not operate pinder load."

57.3 An infdustrial control panel containing a disconnecting means that is back-fed shall b¢ marked to
identify the Ipcation or disconnecting means with the back-fed line side connection.

58 Overlopd Relay Heater Table Markings

58.1 An industrial control panel provided with an eutectic alloy or bimetal overload relay with feplaceable

current (hedter) elements or units, as described in 34.2.1, shall have the overload relay currgnt element
selection chprt (heater table) provided with the industrial control panel.

59 Receptiacle MarKings

59.1 A genperal use receptacle protected by branch circuit overcurrent protection rated legs than the
rating of the|receptacle and intended for connection of only a control circuit load shall be marked with the
ampere rating of the overcurrent protective device an € receptacle.

59.2 Multiple pin type receptacles having a common pin configuration shall be marked to identify the
intended load connection.

59.3 A general use receptacle provided within a control circuit and intended for connection of a control
circuit load shall be marked with the ampere rating of the overcurrent protective device and the intended
use for the receptacle.

59.4 A multi-pin receptacle or a general-use receptacle rated more than 20 amperes shall be marked
"For disconnecting use only, not for current rupturing” or the equivalent.
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60 Field Provided Components

60.1 An industrial control panel provided with a power circuit where the disconnecting means, branch
circuit protection and/or motor overload protection is omitted shall be marked to indicate that these devices
shall be provided by the installer. The marking for field installed branch circuit protection shall include the
size and type of protection when required as a result of a component marking as indicated in 31.2.2.

Exception: Individual motor circuits intended to supply field-installed thermally, impedance, or
electronically-protected motors and marked in accordance with 50.4 are not required to identify that motor

overload protection shall be provided by the installer.

60.2 An
disconnecti
devices sh4g

60.3 Anin

the industrigl control panel shall be marked to indicate that these devices shall'be provided by

60.4 Anin
cable lugs g
a marking

acceptable
pattern.

61

61.1 Anirn
including al
of the elect
component

61.2 A stg
commonly
component

PART 2 — SPECIFIC USE'INDUSTRIAL CONTROL PANEL TYPES

ENCLOSU

Schenpatic Wiring Diagrams

Ng means and/or branch circuit protection is omitted shall be marked to indica
Il be provided by the installer.

dustrial control panel schematic wiring diagram that includes devices-that are not g

dustrial control panel with bus bars intended for field installation of pressure wire
r similar termination devices in accordance with the Exception to 28.1.1, shall be ¢
stating the number and type of pressure wire conngctors, cable lugs or termin
for use with the anticipated field wiring identified iné54*2 and for mounting to the

dustrial control panel shall be provided*with a complete electrical schematic wi
components provided by the manufacturer. The diagram shall be an accurate re
rical circuitry and components sprovided in the panel at the time of shipping. F
5 shown on the schematic wiring-diagram shall comply with 60.3.

ndardized schematic wiring diagram that includes optional components and cirg
supplied by a manufacturer shall be modified on a per unit basis to include
5 that are actually®eing supplied by the manufacturer.

RES

ndustrial control panel provided with a separately supplied control circuit| where the

that these

rovided with
the installer.

connectors,
rovided with
al kit that is
bus bar hole

ing diagram
presentation
eld installed

uits that are
only those

62 General

62.1
metal.

The requirements in Sections 63 and 64 cover Type 1 enclosures constructed of sheet or cast

62.2 A Type 1 — 13 enclosure constructed of polymeric material enclosure shall be investigated to the
construction requirements, performance requirements, and marking requirements applicable to the
enclosure environmental Type(s) in the Standard for Enclosures for Electrical Equipment, Environmental
Considerations, UL 50E.

62.3 AType 2 - 13 enclosure constructed of sheet or cast metal shall comply with:

a) The construction requirements in Section 63, Construction, and Section 64, Markings, of this
standard; and
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b) The construction, performance, and marking requirements applicable to the enclosure
environmental Type(s) in the Standard for Enclosures for Electrical Equipment, Environmental
Considerations, UL 50E.

c) A Type 3RX, 3SX, and 3X enclosure shall additionally comply with the corrosion resistance test
in the Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E.

62.4 In addition to complying with 62.2 and 62.3, a Type 4, 4X or 12 enclosure or compartment having
ventilation openings shall be subjected to the indoor Circulating Dust or Atomized Water Test, and the Rod
Entry Test, in accordance with the Standard for Enclosures for Electrical Equipment, Environmental
Considerations, UL 50E. When the enclosure or compartment is provided with a fan, it shall be subjected

to all enviro

mental tests rnqnirnr{ hy Il RﬂF, both with the fan on- and with the fan off As are

sult of these

tests, there

62.5 A pol
for indoor u
accordance

63 Constr
63.1 Meta

63.1.1 Ac
inch (3.2 mn
mm) thick atf

63.1.2 The
Table 63.2,
inch (0.81 m

Exception: A
Enclosures

with this req

63.1.3 Tab

bhall be no entry of dust into the enclosure or compartment having a Type 4, 4X ©r

ymeric Type 4X enclosure complying with the requirements for a Type 4X enclosu
5e only in the Standard for Industrial Control Equipment, UL 508, is_able to be
with 64.3. Enclosure openings shall comply with Section 19 for enclosures rated Ty

Liction
thickness

hst-metal enclosure shall be made from iron, aluminum, brass, or copper and be
n) thick at every point, more than 1/8 inch thickéatreinforcing points, and at least 1
tapped holes for conduit.

thickness of a sheet-metal enclosure_shall not be less than that specified in TaH
bxcept that at points to which a wiring\system is to be connected, steel shall be at
m) thick, and nonferrous metal atdeast 0.045 inch (1.14 mm) thick.

n enclosure that complies\with the Compression Test and Deflection Test of the
for Electrical Equipment,\Non-Environmental Considerations, UL 50, is not requirg
Lirement at points other than where a wiring system is to be connected.

e 63.1 and Table 63.2 are based on a uniform deflection of the enclosure surf

given load ¢

63.1.4 Wit
or folded rig
dimensions

bncentrated. atthe center of the surface regardless of metal thickness.

12 rating.

re intended
marked in
pe 4X.

at least 1/8
/4 inch (6.4

le 63.1 and
least 0.032

Btandard for
d to comply

ace for any

id seetion of sheet metal that is rigidly attached to and has essentially the s

applied by tf

a) A single sheet with single formed flanges — formed edges;

b) A single sheet that is corrugated or ribbed;

c) An enclosure surface loosely attached to a frame, for example, with spring clips; and

d) An enclosure surface having an unsupported edge.

n reference to Table 63.1 and Table 63.2, a supporting frame is a structure of anglg

or channel
me outside

gnts that are
nclude:

See Figure 63.1 for evaluation of supported and unsupported enclosure surfaces. This figure further
defines the means of selecting the required metal thickness from either the "with supporting frame" or

"without sup

porting frame" columns in Table 63.1 and Table 63.2.
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Table 63.1

Thickness of sheet metal for enclosures — carbon or stainless steel

Without supporting frame?

With supporting frame or equivalent
reinforcement?®

Maximum width®

Maximum length®

Maximum width®

Maximum length®

Minimum required
thickness, in

inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66)
7.0 (“7.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0,032 (0.81)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63(5),
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not fimited 0.060 (1.52)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03)
38.0 (96.5) 47.0 (119.4) 54.0 137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36)
47.0 (119.4) 59.0 (149.9) 6810 (172.7) 84.0 (213.4)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
@See 63.1.4.
b The width i§ the smaller dimen$ion of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfages of an
enclosure other than the covershall comply with 63.1.5 and 63.1.6 or be made of a single sheet.
¢ Not limited ipplies only wheh the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent purfaces not
routinely rempved in use.
Table 632

Thickness of metal for electrical enclosures — aluminum, copper, or brass

Without supporting frame?®

With supporting frame or equivalent
reinforcement®

Minimum required

Maximum width® Maximum length® Maximum width® Maximum length® thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58)

35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)

4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)

5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)

Table 63.2 Continued on Next Page
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Table 63.2 Continued

With supporting frame or equivalent
Without supporting frame? reinforcement? Minimum required
Maximum width® Maximum length® Maximum width? Maximum length® thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
95 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 30.5) Not imited 78.0 (4 N)) Not limited 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0,075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
420 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)
@ See 63.1.4.

® The width isfthe smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfades of an
enclosure othgr than the cover shall comply with 63.1.5 and 63.1.6,0f be made of a single sheet.

¢ Not limited applies only when the edge of the surface is flanged:at least 1/2 inch (12.7 mm) or fastened to adjacent qurfaces not
routinely remqved in use.
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Figure 63.1

Supported and unsupported enclosure surfaces

Top C

Rear A

Bottom C

Flange

SM787

NOTES:

Each enclosurg surface is evaluated individually based on the length and width dimensions. For each set of surface dimensions, A, B
or C, the width is the smaller dimension regardless of its orientation to other surfaces. In Table 63.1 and Table 63.3, there are two
sets of dimengions that gorfespond to a single metal thickness requirement and the following describes the applicable procedure for
determining the minimum-metal thickness for each surface:

1. For a suppgrtedssurface, all of the table dimensions, including the "not limited" lengths, are able to be applied. The rear surface
"A", top and bttem surfaces "C" are supported elther by adjacent surfaces of the enclosure or by al/2 |nch (12 7 mm) wide flange.
To determine F able value in the
maximum width column that is equal to or greater than the measured W|dth When the correspondmg length in the maximum length
column is "Not limited", the minimum thickness in the far right column is to be used. When the corresponding length in the maximum
length column is a numerical value, and the measured length of the side does not exceed this value, the minimum thickness from the
far right column is to be used. When the measured length of the side exceeds the numerical value, the next line in the table is to be
used.

2. For an unsupported surface, only the table dimensions that include a specific length requirement are applied. The dimensions with
a "not limited" length do not apply. The front edge of the left and right surfaces "B", are not supported by an adjacent surface or by a
flange. An edge that is rabbeted , as shown in Figure 63.3, is also evaluated as an unsupported surface. To determine the required
metal thickness for unsupported surfaces, the length is to be measured and compared with the table value in the maximum length
column that is not less than the measured length, ignoring the "not limited" entries. When the corresponding width in the maximum
width column is not less than the measured width, the minimum thickness from the far right column is to be used. When the
measured width of the surface exceeds the value in the maximum width column, the next line in the table is to be used.
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63.1.5 All seams, joints, or splices at corners or back edges of an enclosure shall be closed by:
a) Overlapping flanges formed of sheet metal from which the enclosure is made;
b) Metal surfaces overlapping adjacent surfaces or supporting frame;
c) Separate overlapping flanges; or

d) Continuous welding that provides a construction equivalent to an integral-flanged construction.

63.1.6 With reference to the requirement in 63.1.5, the overlap shall be at least 1/2 inch (12.7 mm) and
shall extend the full length of the seam. See Figure 63.2.

Figure 63.2

Overlap between flat cover and box flange and at corner or box:seam

- -

SB0S69

63.1.7 A piece of angle or channel having a thickness not less than the enclosure wall, and having a
flange perpendicular to the enclosure wall at least 1/2 inch (12.7 mm) in height and extending the full
length or width of an enclosure wall shall be evaluated as a supported side for the purpose of subdividing
the overall area of an enclosure wall into two smaller areas to determine compliance with the metal
thickness requirements of Table 63.1 and Table 63.2. The inclusion of a single support does not constitute
a supporting frame with regard to Table 63.1 and Table 63.2.

63.1.8 When two or more covers or panels are provided to close a single opening, the thickness of each
cover or panel shall be not less than a single sheet as specified in Table 63.1 or Table 63.2. The adjacent
edges of such multiple panels or covers shall:

a) Be flanged at least 1/2 inch (12.7 mm);
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b) Be supported against an inward force at 10 inches (254 mm) maximum intervals; or

c) Overlap each other at least 1/2 inch (12.7 mm) and be secured together at 10 inches (254 mm)
maximum intervals.

63.2 Covers and doors

63.2.1 A cover or door shall be provided with means, such as latches, locks, or screws, of securing it in
place. The means shall be so located or used in such quantity to hold the cover or door closed over its
entire length.

63.2.2 A :
partial-turn [fasteners, that remain attached to the enclosure when the door
shall be opgrable by hand or by a simple hand tool such as a screwdriver.

fch, multi- or
is open. Accaplive fastener

63.2.3 A door that is more than 48 inches (1.2 m) long on the hinged side shall’be provided with one or
more captivie fasteners that hold the door closed at two or more points on the eficlosure.

63.2.4 A door shall shut closely against a 1/4 inch (6.4 mm) rabbet asin\Eigure 63.3 for the pntire length
of all edges

Figure 63.3
Rabbet

s | 2
| —

‘ ‘ 1/4 INCH

(6.4mm)

SAQ702A

63.2.5 A flat cover shall overlap a flange on the enclosure at least 1/2 inch (12.7 mm) for the entire length
of all edges. Where the radius of the flange bend in the enclosure is small, the flange width shall be
determined as in W1 or W2 of Figure 63.2. Where the radius of the flange bend is excessive or where the
flat cover is on the inside of the enclosure flange, the flange width shall be determined as in W3 or W4 of

Figure 63.2.
63.2.6 A flanged cover or door shall have flanges for the full length of all edges. Flanges on a cover or

door shall fit closely with the outside walls of the enclosure and shall comply with the dimensions of Table
63.3 based on the type of construction as illustrated in Figure 63.4.

Exception: An enclosure provided with a gasket having a thickness that fills:

a) The space between parts, dimension A of Table 63.3; or
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b) The maximum gap, dimension B of Table 63.3 is not required to comply with the requirements
for dimensions A or B of Table 63.3.

The gasket material shall be closed cell neoprene or one that complies with the requirements in the
Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E.

63.2.7 Each door shall be able to be opened to a minimum of 90 degrees from the closed position.

position, and ¢
between the s
position withol

mark is to be scribed on all walls of the box along the edge of the flange. The overlap is the measured flistance

Table 63.3
Dimensions for flanged cover or door constructions
W A B Cc D
Minimum flange Maximum space Mininjum barrier
Sketch width?® between parts Maximum gap Minimum overlap® extension
from Figure
63.4 inches (mm) inches (mm) inches (mm) inches (mim) incheg (mm)
A 1/2 (12.7) 1/8 (3.2) 1/8 (3.2) 7/16 (1.1) - -
A 3/4 (19.1) 3/16 (4.8) 3/16 (4.8) 5/8 (15.9) - -
A 1 (25.4) 1/4 (6.4) 1/4 (6.4) 718 (22.2) - -
B 1/2 (12.7) 1/8 (3.2) 1/8 (3.2) 776 (11.1) - -
B 3/4 (19.1) 3/16 (4.8) 3/16 (4.8) 5/8 (15.9) - -
B 1 (25.4) 1/4 (6.4) 1/4 (6.4) 7/8 (22.2) - -
C 1/2 (12.7) 3/16 (4.8) 3/16 (4.8) 1/4 (6.4) - -
C 3/4 (19.1) 1/4 (6.4) 1/4 (6.4) 7/16 (11.1) - -
D 1/2 (12.7) 3/32 (2.4) - - 7/16 (11.1) - -
E 1/2 (12.7) 1/8 (3.2) 1/8 (3.2) 7/16 (11.1) 1/4 (6.4)
F 1/2 (12.7) - — 1/4 (6.4) 7/16 (11.1) - -
GP 1/2 (12.7) - — 1/8 (3.2) - - 1/2 (12.7)
H 1/4 (6.4) 1/8 (3.2) - - 3/16 (4.8) - -
@ Tolerance: mjnus 1/16 inch (1.6 mm).
b Equipment wjithin the enclosure shall be\located on the side of the barrier extension D that is opposite the gap B.
¢ To determinglwhether a flanged cover/complies with Dimension W, width of flange, the distance between the flat porfion of the
cover — clear df forming radii, beads,/and draws — and a straight edge placed anywhere across any two flanges at any|points is to
be measured.
9 To determing the overlap‘f-atelescoping cover, the enclosure is to be placed on its back on a bench, with the cover jn its closed

ribe marks and the edges of the box walls, as in Figure 63.5. In scribing the marks, the cover is to be h
t bending or distorting any portion of the box, cover, or other part of the enclosure, to prohibit displacen

cover by the s

riking tool.

bld in a fixed
ent of the
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Figure 63.4

Flanged cover or door constructions®
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@ See Table 63.3 for dimensions for sketches A — H.
b The surfaced]"S" are able to be in line with one another — nat'as shown.

Figure 63.5

Measurement of overlap

=W

SAO0S70A

63.3 Corrosion protection

63.3.1 Both the inside and outside surfaces of an enclosure, including means for fastening, that are
made of iron or steel shall be protected against corrosion by enameling, galvanizing, or plating.
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Exception: The requirement does not apply to sliding surfaces of a hinge or to parts made of aluminum,
brass, or stainless steel.

63.4 Enclosure openings
63.4.1 Openings in industrial control panel enclosures shall comply with Section 19.
63.5 Ventilation openings

63.5.1 Ventilation openings in an industrial control panel enclosure shall comply with Section 21.

63.6 Obsdrvation windows

63.6.1 Obgervation windows provided in an industrial control panel enclosure shall comply ith Section
23.

64 Markings

64.1 An epclosure that complies with the requirements in Section\62, General, and Ppection 63,
Construction, shall be marked with the manufacturer's name and "Type 1T"Enclosure."

64.2 An erclosure that is not provided with a door shall be matked "Not suitable for housing renewable
overload prqtective devices."

64.3 An erjclosure that complies with the requirements.jin 62.5 is able to be marked “4X Indodr Use Only”
in letters at lpast 5/32 inch (4.0 mm) high.

INDUSTRIAL MACHINERY
65 General

65.1 Thes¢ requirements covefiindustrial control panels for industrial machinery (NFPA 7P, Electrical
Standard forf Industrial Machinery). The following types of machines are identified as industrial machinery:

a) Metalworking machine tools, including machines that cut or form metal,

b) Plastics maeghinery, including injection molding, extrusion, blow molding, specialized [processing,
thermosetimolding, and size reduction machines;

c) Wpod-machinery, including woodworking, laminating, and sawmill machines;

d) Assembly machines;
e) Material handling machines, including industrial robots and transfer machines; and

f) Inspection and testing machines, including coordinate measuring and in-process gauging
machines.

65.2 Industrial control panels for industrial machinery shall comply with the requirements in Sections 4 —
61 and also with the requirements in Section 66, Construction, and Section 67, Markings, which
supplement or modify the general-use industrial control panel requirements.
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66 Construction

66.1 Enclosures

66.1.1  When swing out panels are provided, the construction shall permit the open position of the swing
out panel to be not less than 110 degrees from the closed position. The movement of the swing out panel
shall not be restricted by the internal wiring.

66.1.2 Opening of an enclosure (e.g. opening doors, lids, covers, and the like) containing live parts
operating at or above 50 volts rms ac or 60 volts dc, shall be possible only under one or more of the

a)T
covq
unin|
oro
shal

b) T
both

c) G
POSS

Exception:
interlocked
marking sh

66.1.3 Ifg
unless the
Access sha

a) lt

sepdgrately enclosed or guarded such that there cannotbe any contact with live parts.

following conditions:

e use of a key or tool is necessary for access. All live parts mounted on the insid
rs that are operating at or above 50 volts rms ac or 60 volts dc shall.kbe “prq
tentional direct contact by the inherent design of components or by the_applicatio
bstacles such that a 50 mm (2 in.) sphere cannot contact any live parts. Cautior
be provided in accordance with 67.4.3.

he disconnecting means supplying the enclosure is interlocked“(mechanically, €
) with the enclosure door(s) in accordance with 66.1.3.

ible only when all live parts that are operating at of above 50 volts rms ac or 60

An industrial control panel that is disconnected by an attachment plug is not re|
with the enclosure door when the construction complies with 66.1.2 (a) or (c)
bil be provided in accordance with 67.42.

6.1.2(b) is used to limit enclosure-access, none of the interlocked enclosure door(
bower is disconnected and, @wpon closing the door(s), the interlock is automatice
| be permitted without remaoving power if all of the following conditions are met:

is possible at all times.while the interlock is defeated to open the disconnecting m

b)

the yise of tools and loCKythe disconnecting means in the OFF (open) position.

medns is open’shall be prevented unless an interlock is operated by deliberate action.

c) Al livesparts mounted on the inside of the doors that are operating at or above 50 vo
60 yolts, dc shall be protected from unintentional direct contact by the inherer
components or the application of barriers of obstacles such that a 50 mm (2 in.) sp

losing of the disconnecting means while the door of the enclosure containing the d

b of doors or
tected from
n of barriers
ary marking

lectrically or

pening without the use of a key or a tool and withouft. disconnection of live parts shall be

volts dc are

uired to be
Cautionary

5) shall open
lly restored.

pans without

sconnecting

Its rms ac or
t design of

here cannot

cont

instri

act any live parts.

uctions tor use of the electrical equipment.

| 66.1.3.1 Deleted

| 66.1.32 Deleted

d) Relevant information about the procedures for the defeat of the interlock is provided with the

66.1.4 A lighting circuit (for maintenance lighting within the control panel or machine work lights external
to the control panel or both) shall not exceed 150V between conductors, provided with branch circuit
protection rated not more than 15A and be derived from one of the following:

a) The secondary of an isolating transformer located on the load side of the disconnecting means.
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b) The secondary of an isolating transformer located on the line side of the disconnecting means,
for the supply of lighting circuits located within the control enclosure only.

c) The secondary of an isolating transformer located on the line side of the disconnecting means
where the transformer is supplied with a separate disconnecting means provided on the control
panel next to the main disconnecting means.

d) A grounded machine circuit.

e) An externally supplied lighting circuit for lighting located within the control enclosure and
machine work lights.

66.1.5 All glectrical components mounted to a subplate or subpanel that is fixed in place, notla swing out

panel, shall pe able to be individually removed without removal of other components, remévyal pf the entire

subplate, or|{requiring the use of special tools unless supplied with the industrial control-pangl, and shall
be:
a) Aftached to mounting rails which are fastened to the subplate by means of screws, rivets, or
welds; or
b) unted by machine screws or self-tapping screws that thread into the subplate from the
component side; and
1) Provides two complete threads of engagementinto a steel subplate; or
2) Has 32 threads per inch (32 threads per*25/4 mm) and threads into a 0.058 inch (1.35
mm) thick steel subplate; or
3) Provides three complete threads of'engagement into an aluminum subplate; qr
c) Aftached by plug-in connection to another component, such as a fuseholder or r¢lay socket,
which is secured to the subplate as in‘subitem a) or b) above.

66.2 Electrical assembly

66.2.1 All components connected to the supply circuit voltage shall be grouped or mountedq separately

from compopents connected-only to the control circuit voltage.

66.2.2 All ferminals for power circuits, control circuits and control circuits supplied from external voltage,

shall be arrgnged sUchr that the terminals of each circuit are grouped together and are read|ly identified

from one anptherbymeans such as physical separation, barriers or color coding.

66.3 Groulld;llu

66.3.1 A transformer that supplies control enclosure lighting or machine work lights shall be grounded as

in Section 1616, Transformer Secondary Grounding.

66.3.2 The secondary winding of a control transformer or the secondary of a power supply is not required
to be grounded, as specified in 16.1, when the secondary supplies only devices included as part of the
controlled machine, not other machines or circuits, and is provided with a monitoring device that:

a) Provides an audible or visual indication when a ground fault occurs in any ungrounded
conductor, such as a panel mounted indicator light or display, or one that interrupts the circuit in the
event of a ground fault, such as a ground fault protective device; and

b) Is arranged with the control circuit so that the machine cannot restart with a detected ground
fault.
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Exception: A control circuit, as described in 66.3.2, supplied from a secondary of a Class 2 transformer or
Class 2 power supply is not required to be supplied with a monitoring device or a ground fault protective
device.

66.3.3 A transformer that supplies circuits that are not part of the controlled machinery shall comply with
Section 16, Transformer Secondary Grounding.

66.3.4 An internal bonding conductor shall be provided between a metal cover or a door on which
electrical components are mounted, and the enclosure or the equipment grounding terminal. The bonding
conductor shall have an ampacity not less than the largest circuit conductor used to connect the cover or
door-mounted components.

Exception: When all electrical components mounted to a metal cover or door are connetted to a control
circuit rated 30V rms or less the bonding conductor is not required.

66.4 Field wiring — power circuits

66.4.1 Figld wiring terminals for supply connections shall be sized based upon the sum of:
a) 125 percent of all heater loads;
b) 125 percent of the largest motor load; and

c) The full-load current ratings of all other motors and other loads that are simultaneoudly operable.

66.4.2 Tefminals provided for connection of loads inténded for connection in the field shallfcomply with
Section 28,|Field Wiring. Terminals intended for conpnection by the manufacturer to the controlled machine
shall be evialuated based on the requirements.if; Section 29, Internal Wiring, and are nof{ required to
comply with the marking requirements for field wiring terminals specified in Section 54, Field Wiring
Terminal Markings.

66.4.3 Flgxible cords shall comply with*28.5 and 37.7, except they are able to be used for copnections to:
a) Pendant stations;
b) Stationary motors; or

c) Limit or proximity switches.

66.4.4 Refeptacles shall comply with 28.6 and 37.6, except they are able to be used for int¢rconnection
with mating parts for connectlon of machlne W|r|ng Class A ground fault circuit mterruptr protection
complying w e arrca ; c i 2 943, shall be
provided for all 120- voIt smgle phase 15- or 20-ampere receptacles to be used for accessory equipment
(for example hand-held power tools, test equipment).

66.4.5 Removable equipment is able to be connected to a grounding-type general use receptacle.

66.4.6 The cord shall be a hard-service or junior hard-service flexible cord that:
a) Complies with the Standard for Flexible Cords and Cables, UL 62; and

b) Terminates in an attachment plug that complies with the Standard for Attachment Plugs and
Receptacles, UL 498, or the Standard for Plugs, Receptacles and Cable Connectors of the Pin and
Sleeve Type, UL 1682, or the Outline of Investigation for Multi-Point Interconnection Power Cable
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Assemblies for Industrial Machinery, UL 2237, or the Standard for Cable Assemblies and Fittings
for Industrial Control and Signal Distribution, UL 2238 and is rated for the voltage involved.

66.5 Internal wiring — power circuits

66.5.1 In addition to types specified in 29.2.1, hard usage or junior hard usage flexible cord types as
specified in 28.5.3 are able to be used and shall comply with the Standard for Flexible Cords and Cables,
UL 62.

66.5.1.1 All current carrying conductors shall be identified at each termination by letter(s), or number(s),
or color(s) or a combination thereof corresponding with the wiring diagrams provided with the industrial
control pandl. Where colors are used, a table identifying the color with the appropriate circui} or location
shall be mafked inside the door of the control panel or on the wiring diagram, unless the eplors are as
described in[66.5.2.

Exception: Wire jumpers installed such that both ends and the entire length of the)conductof are clearly
and continugusly visible without removing components or covers need not be identified.

66.5.2 Unless other colors have been identified as in 66.5.1.1, the following color coding shall be used
throughout the panel:

a) Black — ungrounded ac and dc power circuit conductors;and

b) White, gray or three continuous white stripes on otherthan green, blue, or orange — grounded ac
and dlc current-carrying power circuit conductor.

Excdption: Insulated conductors sized 4 AWG (21.2 mm?) or larger and having insulafion colored
othef than as in 17.4 shall be identified at each termination point by a white marking, sjich as tape
wrapped around the conductor.

66.5.3 Power circuit conductors shall notbe smaller than 14 AWG (2.1 mm?).

Exception:
to be used.

or power circuits that comply with the conditions in Table 66.2, 16 AWG or 18 AWG are able

66.5.4 Power circuit conductors that carry current for a motor or heater load shall be dized for an
ampacity nof less than 426 percent of the full-load current.

66.5.5 Power circuit’conductors that carry current for one or more motors or heaters shall bg sized for a
ampacity ngt less than 125 percent of all heater loads plus 125 percent of the Iargest motor I¢ad plus the
full-load curten e.

Exception: Internal power circuit conductors that comply with the Temperature Test in the Standard for
Industrial Control Equipment, UL 508, based upon the specific operating cycle of multiple motors, or
multiple motors and heaters of an industrial machine.

66.5.6 Power circuit conductors to standard size motor controllers shall not exceed the wire sizes in
Table 66.1. Conductors to other types of motor controllers shall comply with 66.5.3 and Table 28.1.

66.5.7 Conductors and cable shall be run without splices from terminal to terminal.
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Table 66.1
Maximum conductor size for given standard motor controller size
Maximum conductor size

Motor controller size AWG or kemil (mm?)
00 14 (2.1)
0 10 (5.3)
1 8 (8.4)
2 4 (21.2)
3 1/0 (53.6)
4 3/0 (85.0)
5 500 (2563)

NOTE — As specified in ANSI/NEMA 1CS2-1993, Industrial Control and Systems Controllers, Contactors, and/Overlopd Relays

Rated Not Mgre Than 2000 Volts AC or 750 Volts DC.
Table 66.2
Ampacity and protection for power circuits with 16 AWG or18 AWG conductofs
Conductor Load type MaXx. ampere rating Motor gverload trip
sizk Ampacity for branch .circuit ¢lass
protection
16 AWG Non-motor 102 -
Motor Per Table 31.12 Clgss 10
5.5 Motér Per Table 31.1 2 Clpass 20
18 AWG 5.6 Non:rotor 7° -
5 Motor Per Table 31.1° Clgss 10
3.5 Motor Per Table 31.1° Clss 20
2 Inverse timé circuit breaker marked for use with 46.AWG or 18 AWG conductors, Class CC, CF, J or T fuse.
b Inverse tim¢ circuit breaker marked for use with.48 AWG conductors, Class CC, CF, J or T fuse.
66.6 Discpnnecting means
66.6.1 A disconnecting:means shall be provided for each incoming supply source. Other thgn terminals,
no compongnts shall beocated on the line side of the disconnecting means.
Exception: [The fellewing equipment and circuits shall be permitted to be connected to the slipply side of

each discor

necting means:

a) Lighting circuits for lighting needed during maintenance or repair;

b) Attachment plugs and receptacles (plug and socket outlets) for the exclusive connection of
repair maintenance tools and programming equipment. (e.g., hand drills, test equipment);

c) Circuits supplying equipment required to remain energized for satisfactory operation [e.g.
temperature controlled measuring devices, product (work in progress) heaters, program storage
devices];

d) Undervoltage protection circuits that are only used for automatic tripping in the event of the
supply circuit failure;

e) Control circuits supplied by a power source located external to the industrial control panel;
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f) Meters or meter sockets (inclusively meter transformers, current and/or voltage), or meter
disconnect switches nominally rated not in excess of 1000 volts;

g) High-impedance shunts, and surge arresters, and Type 1 surge-protective devices;

h) Ground-fault protection systems or Type 2 surge-protective devices, if overcurrent protection
and disconnecting means are provided;

i) Load management devices if overcurrent protection is provided;

J) Taps for load management devices, optional standby power systems, and fire and sprinkler
alarms;

k) Cpntrol circuits of power operable service disconnecting means including contrdl circuits of
optional standby power systems, if overcurrent protection and disconnecting means’ afe provided;
and

) Conhnections for a fire pump controller.
66.6.2 A d|sconnecting means shall not incorporate a fuseholder that accepts'a Class H fuse

66.6.3 In gddition to 30.4, an operating mechanism for the disconngcting means shall be:
a) Readily accessible when the enclosure doors are in the/open or closed position;
b) Ingtalled so that its operation is not restricted by the-enclosure door while in the open|position;
c) B9 operable independent of the door positionwithout the use of accessory tools or dqvices;

d) Able to be locked in the off position indépendent of the door position; and when locked, closing
of th¢ disconnect is not possible.

66.6.4 For|such circuits all of the following requirements shall be met:

a) Permanent cautionary marking(s) as required by 55.4 shall be placed adjacent tq the supply
circult disconnecting operating handle(s), indicating that it does not de-energize all gxposed live
partg when it is in the apen (off) (isolated) position;

b) A Jpermanent cautionary warning such as Figure 67.1 shall be placed on a non-removable part
insidg the conttel-enclosure in proximity to each excepted circuit, or shall be identified|by color as
defined in 66.9)1.

66.7 Brangh circuit protection

66.7.1 Inlieu of 32.1.2, a branch circuit fuse shall be designated Class RK1, RK5, J, L, CF, Tor CC and
shall comply with the Standard for Low-Voltage Fuses — Part 12: Class R Fuses, UL 248-12, the Standard
for Low-Voltage Fuses — Part 8: Class J Fuses, UL 248-8, the Standard for Low-Voltage Fuses — Part 10:
Class L Fuses, UL 248-10, the Outline of Investigation for Low-Voltage Fuses — Part 17: Class CF Fuses,
UL 248-17, the Standard for Low-Voltage Fuses — Part 15: Class T Fuses, UL 248-15, the Standard for
Low-Voltage Fuses — Part 4: Class CC Fuses, UL 248-4. Class H, K, and G, fuses shall not be used.

66.7.2 A branch circuit fuseholder shall be provided with a rejection feature that prohibits a Class H fuse
from being installed.

66.7.3 A single set of fuses or a circuit breaker shall be provided as the main overcurrent protection
immediately following each disconnecting means.
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Exception: An industrial control panel for industrial machinery intended for connection to the load side of a
set of main overcurrent protective devices in the field shall be marked with the required size and type of
overcurrent protection in accordance with 60.1.

66.7.4 The main overcurrent protection shall be sized based upon article 32.3.1
Exception No. 1: When branch circuit protection is not provided within the panel, the main overcurrent
protection shall comply with Section 31, Branch Circuit Protection, for single motor or heater loads or for a

group of loads.

Exception No. 2: Where internal conductors are sized based on the Exception to 66.5.5, the ampere
rating of thd main overcurrent protective devices shall not exceed the conductor ampacity in-J3ble 28.1.

66.7.5 In ljeu of the requirement in 31.4.1(c), two or more motors are able to be connected tq a single set
of overcurr¢nt protective devices provided with a panel which does not exceed the.smaller|of (a) or (b)
below:

a) The rating or setting of the branch circuit protection shall not exceedthe value in Table 66.3 for
any wire in the group.

b) The size of the branch circuit protection shall not excegd the ampere rating spdcified in the
groyp installation marking of all power components and the type of branch circuit protgctive device
shall be of the type specified in the group installation marking.

66.7.6 Branch circuit protection for a lighting circuit shall.not exceed 15 amperes.

Relatipnship between conductor size an?gllee?gﬁ?'rent protection rating for power gircuits
Conductor size Maximum rating of fusq or inverse
AWG (mm?) time circuit breaker, imperes
18 See footnote See footnote
16 See footnote See footnote
14 (2.1) 60
12 (3.3) 80
10 (5.3) 100
8 (8.4) 150
6 (13.3) 200
4 (’)1 ’)) 250
3 (26.7) 300
2 (33.6) 350
1 (42.4) 400
1/0 (53.6) 500
2/0 (67.4) 600
3/0 (85.0) 700
4/0 (107.2) 800
* Maximum ratings and type of branch short-circuit and ground-fault protective devices for 16 AWG and 18 AWG shall be
determined in accordance with the exception to 66.5.3.
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66.8 Motor controllers

66.8.1 Reversing motor controllers and wye-delta controllers shall comply with Section 33 except, in lieu
of 33.4.1 and 33.5.2, they shall be provided with both mechanical and electrical interlocking means.

66.8.2 Standard size motor controllers used for plugging or jogging a motor shall control motors with
horsepower ratings that do not exceed those given in Table 66.4 for the size of motor controller used.
Other types of motor controllers shall be used within the manufacturer's specifications for plugging or

jogging duty.

66.8.3 A robot controller shall comply with the requirements in the Standard for Robots and Robotic
Equipment, [UL 1740, when evaluated with the intended manipulator arm. The manufaciture} name and
model of thg manipulator arm to be supplied in the field shall be marked as in 67.3.2.

Table 66.4
Horsepower and locked-rotor ampere ratings for 3-phase, single-speed, full-voltage magnetic

controllers for plug-stop, plug-reverse, or jogging duty

Size of 200 volts 230 volts 460 volts 575 yolts
controller hp LRA hp LRA hp LRA hp LRA
0 1-1/2 46 1-1/2 40 2 25 2 20
1 3 74 3 70 5 52 5 42
2 7-1/2 175 10 175 15 127 15 102
3 15 335 20 335 30 250 30 200
4 25 500 30 600 50 500 60 400
5 60 1250 75 12560 150 1250 150 1000
6 125 2500 150 2500 300 2500 300 2000
NOTE — Thesk horsepower ratings are based on lockéd-rotor current ratings given in this Table. For motors having higher locked-
rotor currents| a larger controller shall be used so that.ts locked-rotor current rating is not exceeded. This Table does |not cover
horsepower ratings of single-phase, reduced veltagé, or multi-speed motor controller applications.

66.9 Interpal wiring of contral circuit

66.9.1 Unless other colors/have been identified as in 66.9.1.1, the following color codipg shall be
employed fgr ungrounded-control circuit conductors throughout the panel:

a) Red — ungrounded ac control circuits.

b) Blpe - tingrounded dc control circuits.

Exception: Leads on assembled components, multiconductor cable, leads used to connect electronic
devices, and conductor sizes 20 — 30 AWG (0.52 — 0.05 mm?) are not required to comply with this
requirement.

66.9.1.1 All current carrying control circuit conductors shall be identified at each termination by letter(s),
or number(s), or color(s) or a combination thereof corresponding with the wiring diagrams provided with
the industrial control panel. Where colors are used, a table identifying the color with the appropriate circuit
or location shall be marked inside the door of the control panel or on the wiring diagram, unless the colors
are as described in 66.9.1, 66.9.1.2 and 66.9.1.3.

66.9.1.2 Unless other colors have been identified as in 66.9.1.1, the following color coding shall be
employed for grounded current carrying control circuit conductors throughout the panel:
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a) White or gray or three white stripes on other than green, blue, or orange — grounded ac current-
carrying control circuit conductor regardless of voltage.

b) White with blue stripe — grounded dc current-carrying control circuit conductor.

¢) White with orange stripe — grounded ac or dc current-carrying conductor of an excepted circuit
described in the Exception to 66.6.1 that remains energized when main disconnect switch is in the

“off” position.

66.9.1.3 The color ORANGE shall only be used for ungrounded ac or dc excepted circuits, described in
the Exception to 66.6.1, that remain energized when the main disconnect is in the “off” position.

Exception: |Conductors not available in orange can be permanently re-identified by mean

marker at epch connection point.

66.9.2 Cohtrol circuit conductors shall not be smaller than 22 AWG (0.32 mm?).

Exception: [Control circuit conductors sized 24 — 30 AWG (0.20 — 0.05 mm?)-stranded are
multicondugtor cables, or as individual solid conductors where installed within control enclos

subject to flexing.

66.10 Oveércurrent protection of common control circuit

5 of colored

permitted in
ires and not

66.10.1 Cpnductors of a control circuit tapped from thedead side of a branch circuit protdctive device

shall be protected by overcurrent devices rated not more than as specified in Table 66.5.

Overcurrént device ratings for control circuit'‘conductors tapped from load side of bra

Table 66.5

protective device

hch circuit

AWG

Conductor size

(mm?)

Control circuit
overcurrent device,
amperes

Branch circuit overcurrent devig

€, amperes

Control in wire panel

Remgte control

larger than 14 (largerthan 2.1) equal to wire ampacity 400 percent of wire 300 pefcent of wire
ampacity ampacity
14 (2.1) 20 80 60
16 (1.3) 20 40 20
18 (0.82) 20 25 20
66.11 Operatorcontrots
66.11.1 Start operators shall be located above or to the left of the associated stop buttons.

Exception: Start buttons in series, such as for two-handed control, are not required to comply with this

requirement.

66.11.2 An industrial control panel provided with operator controls, such as pushbuttons and selector

switches, shall also be provided with an emergency stop button.

66.11.3 Both the emergency stop button or actuator and the associated contact blocks shall comply with
the requirements in the Standard for Low-voltage Switchgear and Controlgear — Part 5-5: Control Circuit
Devices and Switching Elements — Electrical Emergency Stop Device with Mechanical Latching Function,

UL 60947-5-5.
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67 Markings

67.1

67.1.1

Nameplate markings

industrial machinery", and the current rating of the largest heater load.

67.1.2 Deleted

In addition to the information in 52.1, the nameplate shall include "industrial control panel for

67.1.3 When the main overcurrent protection in the panel is intended to provide protection for the supply
conductors and the machine, the panel shall be marked “Supply conductor and machine overcurrent

protection p

ovided at main supply terminals.”

67.2 Operptor controls

67.2.1
device.

Ead

h control device shall be identified as to its function by a legend(plate placed

Exception: When the requirements of 67.2.3 are met, emergency stop actuators do not requ

plate.
67.2.2 Thqg

67.2.3 Thdg
actuator shg

67.3 Com

67.3.1 All
schematic W

67.3.2 Thdg
name and n

color red shall only be used for operators for stop, off, or emergency stop operatio

actuator of an emergency stop button shall be red and the base of the eme
Il be yellow.

bonents

iring diagram.

output connections for a robot manipulator arm shall be marked to identify the n
odel number of themahipulator arm that complies with 66.8.3.

67.4 Cautionary marking

67.41 An
Voltage — _|
67.1,0rand

enclosure) that does not clearly contain electrical parts shall be marked, “CAUT]
| V”,8rwith a black lightning flash on a yellow background within a black triangle
quivalent marking.

next to the

re a legend

ns.

gency stop

components shall be identified with a designation that corresponds to its designation on the

anufacturer

ON — High
ps in Figure

Exception: Equipment provided with external electrical devices such as disconnect handles and operator

controls are

not required to comply with this requirement.
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Figure 67.1
Warning symbol (IEC 417, symbol 5036)
67.4.2 Anlindustrial control panel that is disconnected by an attachment plug and constructed as in the
exception tp 66.1.2 shall be marked on the outside of the doof.or cover with “CAUTION - Disconnect
power befofe opening enclosure”, or the equivalent.
67.4.3 Anlindustrial control panel that is disconnected by a’remote disconnecting means and constructed
as in 66.1.2 (a) shall be marked on the outside of thedoor or cover with “CAUTION — Discohnect power

before oper

ing enclosure. Close the enclosure befotg restoring power”, or the equivalent.

CRANE CONTROL

68 Generpl

68.1 Thege requirements cover industrial control panels specifically designed for use with cranes or
hoists.

68.2 Industrial control panels for crane control shall comply with the requirements in Sectionf 4 — 61 and
also with tHe requirements in Section 69, Glossary, and Section 70, Construction, which sypplement or

modify the general4usge industrial control panel requirements.

69 GIossrry

69.1

For the purpose of the requirements in Sections 70 — 72, the following definition applies.

69.2 SHORT TIME DUTY MOTOR — A motor that is used for a short time period, usually 15, 30, or 60

minutes, du

e to the physical construction of a crane or a hoist.

70 Construction

70.1

70.1.1

Field wiring terminals of power circuits

Field wiring terminals for connection to a single motor intended for short time duty shall be

capable of retaining a field wiring conductor sized in accordance with the ampacities of Table 70.1 using
100 percent of the motor full-load current rating.
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70.1.2 Field wiring terminals for connections to multiple motors intended for short time duty shall be
capable of retaining a field wiring conductor sized in accordance with the ampacities of Table 70.1 for the
longest time motor of the group using the sum of:

a) 100 percent of the largest motor or group of motors controlling a single motion of the crane; and

b) 50 percent of the second largest motor or group of motors controlling a single motion of the
crane.

70.1.3 Field wiring terminals for connection of secondary resistors of a short time duty motor shall be
capable of retaining a field wiring conductor sized in accordance with the ampacities of Table 70.1 using
the secondary current rating multiplied by the derating percentage from Table 36.1.

Ampacities of field wiring conduzg:'g zglﬂuse with short time rated.motors
Wire size 75°C (167°F) conductorampacity
AWG or kcmil (mm?) 60 minutes 30 minutes 15 mpinutes
16 (1.3) 10 12 13
14 (2.1) 25 26 29
12 (3.3) 30 33 37
10 (5.3) 40 43 18
8 (8.4) 55 60 67
6 (13.3) 76 86 96
5 (16.8) 85 95 06
4 (21.2) 100 17 31
3 (26.7) 120 141 58
2 (33.6) 137 160 80
1 (42.4) 143 175 96
1/0 (53.6) 190 233 61
2/0 (67:2) 222 267 bog
3/0 (85.0) 280 341 82
4/0 (107) 300 369 113
250 (127) 364 420 170
300 (152) 455 582 52
350 (177) 486 646 24
400 (203) 538 588 71
450 (228) 600 765 857
500 (253) 660 847 949

70.2 Internal wiring

70.2.1 Internal wiring to a short time duty motor shall be sized based on the full-load current carried by
the conductor in accordance with Table 70.2.
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Table 70.2
Ampacities of insulated internal wiring conductors for use with short time rated crane and hoist
motors
Size of conductors 90°C (194°F) conductor ampacity
AWG or kcmil (mm?) 60 minutes 30 minutes 15 minutes
14 (2.1) 31 32 36
12 (3.3) 36 40 45
10 (5.3) 49 52 58
8 (8.4) 63 69 77
6 133) B33 9% 105
5 (16.8) 95 106 119
4 (21.2) 111 130 146
3 (26.7) 131 153 171
2 (33.6) 148 173 194
1 (42.4) 158 192 215
0 (53.6) 211 259 290
2/ (67.4) 245 294 329
3/ (85.0) 305 372 417
4/ (107) 319 399 447
25 (127) 400 461 516
30 (152) 497 636 712
35 (177) 542 716 802
40 (203) 593 760 851
45 (228) 660 836 936
50 (253) 726 914 024
70.3 Discpnnecting means
70.3.1 A disconnecting means, other than a circuit breaker, for a circuit supplying short time|duty motors
shall have g horsepower rating with an equivalent full-load current of not less than either of theffollowing:
a) The full-load.eurrent(s) of all motors required for any single crane motion; or
b) The_fal*load current(s) of all motors and other loads that are able to bg¢ energized
simyltaneodusly.

Exception: For motor circuits supplied by power conversion equipment, the full-load current shall be the
input current of the power conversion equipment.

70.3.2 A circuit breaker used as the disconnecting means for a circuit supplying short time duty motors
shall be rated not less than 125 percent of either 70.3.1 (a) or (b).

70.4 Branch circuit protection

70.4.1 Two or more motors that operate a single motion of a crane or hoist are able to be evaluated as a
single motor and protected by a single set of branch circuit protective devices sized in accordance with the
requirements for single motor branch protection in Section 31, Branch Circuit Protection.
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70.5 Motor overload protection

70.5.1 Two or more motors that operate a single motion of a crane or hoist and are controlled from a
single motor controller are able to be evaluated as a single motor and protected by a single overload relay
with a trip rating equal to the sum of the full-load currents.

70.5.2 Manually-operated hoist motors rated not more than 7-1/2 horsepower (5.6 kW) and that are not
part of an overhead crane are not required to have overload protection.

70.6 Field wiring of control circuits

70.6.1 Thg minimum size of field wiring to a control circuit shall be 20 AWG (0.52 mm?).
70.7 Overgurrent protection of control circuit

70.7.1 Control circuit conductors shall have overcurrent protection rated not, more than 300 percent of
the conductgr capacity.

70.7.2 Thq primary and secondary conductors of a control transformer are protected by [overcurrent
protective devices located in the secondary circuit and rated not more than 200 percent of the flampacity of
the secondgry conductors.

71 Rating

o

71.1 The jameplate rating of an industrial control pangl for crane control shall include the Igngest short
time duty rafing of all short time duty motors controlled.

71.2  The Ipad ratings of a short time duty motor'shall include the short time duty rating.
72 Markings
72.1 The rfameplate shall include "Crane Control Panel" or "Hoist Control Panel."

72.2 The fleld wiring terminals’of a power circuit including a short time duty motor shall be marked to use
75°C (167°H) conductors only.

SERVICE EQUIPMENT USE

73 Generql

73.1 These requirements cover industrial control panels for service equipment use. These requirements
also apply to other special-use industrial control panels that are intended for use as service equipment.

73.2 Industrial control panels for service equipment use shall comply with the requirements in Sections 4
— 61 and also with the requirements in Sections 74 — 79, which supplement or modify the general-use
industrial control panel requirements.

74 Glossary

74.1 For the purpose of the requirements in Sections 75 — 79, the following definitions apply.
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74.2 EQUIPMENT GROUNDING CONDUCTOR — A conductor that bonds an accessible metal part,
such as an electrical enclosure, of load side equipment to the ground or neutral bus.

74.3 GROUND BUS — A bus bar that is bonded to the enclosure and typically connects grounding
electrode conductor, main bonding jumper, and equipment grounding terminals together.

74.4 GROUND FAULT PROTECTION — Protection required for services rated 1000 amperes or more
and derived form a 3-phase, 4-wire, solidly grounded wye with a rated voltage in excess of 150 volts to
ground.

74.5 GROUNDED SERVICE CONDUCTOR - Service conductor intended to be connected to the

grounding dlectrode conductor. See 74.6.

74.6 GRCUNDING ELECTRODE CONDUCTOR - Conductor that connects the)grfounded service
conductor tp earth ground and is connected to either the ground or neutral bus.

74.7 MAIN BONDING JUMPER - Conductor that connects the neutral bus to'the industrial ¢gontrol panel
enclosure gr ground bus.

74.8 NEUITRAL BUS - Bus bar that is insulated from the enclosure’and typically connegts grounded
service corjductor, main bonding jumper, and neutral conductor(s)‘together. When a grounfd bus is not

provided, a

749 NEU
the load siq

main bonding jumper.

75 Const

75.1 Grou

jditionally connects grounding electrode conductor dnd€quipment grounding term

TRAL CONDUCTOR - Current-carrying conduttor connected to the ground or ne
e of the connections for the grounded servicé’conductor, grounding electrode co

fuction

nding and bonding

7511 A

provided fgr all industrial controlspanels for service equipment use. A main bonding jum
provided when the grounded sérvice conductor terminal and the grounding electrode condu
are insulatgd from the encldsure. See Figure 75.1 — Figure 75.10 for application of requ
grounding gnd bonding«canductors and terminals.

rounded service conductor terminal and a grounding electrode conductor term

nals.

utral bus on
hductor, and

nal shall be
ber shall be
ctor terminal
rements for
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Figure 75.1

Single-phase, 3-wire (factory bonded neutral)

®

L

Bit
.

ervice conductor

A — Grounded §
blectrode conductor

B — Grounding

Figare 75.2

®
| ff/??

(4

N -@--

Single-phase€;,)3-wire (insulated neutral)

A — Grounded service conductor
B — Grounding electrode conductor

C — Main bonding jumper

S3782

LOAD
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Figure 75.3

Single-phase 3-wire with load neutral connection (factory bonded neutral)
I
299

Aﬁgj‘
I

A — Grounded
B — Grounding
N — Neutral log

\
\
E > T LOAD
NEUTRAL
DISCONNECT K
N

S3783

b,
(f

service conductor

electrode conductor

d conductor

Figure 75.4

Single-phase, 3-wire with load.neutral connection (insulated neutral)

“F@‘j

LOAD
NEUTRAL:

DISCONNECT K
N

S3784

A — Grounded service conductor

B — Groundi

ng electrode conductor

C — Main bonding jumper

N — Neutral

load conductor
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Figure 75.5

Three-phase, 4-wire (factory bonded neutral)

& .

NIz
: ;/ ;/ ;/

A — Grounded gervice conductor

B — Grounding Electrode conductor

Figare 75.6

Three-phasg; 4-wire (insulated neutral)
@ I
| | | |

(0

=

LOAD

S3786

A — Grounded service conductor
B — Grounding electrode conductor

C — Main bonding jumper
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Figure 75.7

Three-phase, 4-wire with load neutral connection (factory bonded neutral)

’%“??
(’(’8

A — Grounded
B — Grounding
N — Neutral log

—>
; LOAD
NEUTRAL _
DISCONNECT
444]‘*\\\\_-7N

$3787

service conductor
electrode conductor

d conductor

Figure 75.8

Three-phase, 4-wire with load\neutral connection (insulated neutral)

@111

1@ -+

—
; LOAD
NEUTRAL:

DISCONNECT

S3788

A — Grounded service conductor

B — Grounding electrode conductor

C — Main bo
N — Neutral

nding jumper
load conductor
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Figure 75.9
Three-phase, delta end-grounded (factory bonded neutral)

.- ;/ ;/

I -@--

A — Grounded §
B — Grounding

LGAD

S3789

ervice conductor
blectrode conductor

Figure 75.10
Three-phase, delta @nd-grounded (insulated neutral)

3

..

LOAD

S3790

A — Grounded service conductor
B — Grounding electrode conductor

C — Main bonding jumper
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75.1.2 For other than a three-phase three-wire delta, the grounded service conductor terminal shall
accommodate a wire sized not smaller than the grounding electrode conductor specified in 75.1.3. The
grounded service conductor terminal for a three-phase three-wire delta service shall accommodate a wire
sized not smaller than the largest ungrounded service conductor. The grounded service conductor
terminal shall accommodate a wire sized not smaller than the main bonding jumper specified in 75.1.4.

Exception: The grounded service conductor terminal is not required to accommodate a wire larger than the
terminals for connection of the largest ungrounded service conductor.

75.1.3 The grounding electrode conductor terminal shall accommodate a wire sized not smaller than as
specified in Table 75.1.

75.1.4 The main bonding jumper, when provided, shall be sized in accordance with(lable 75.1. The
terminals piiovided to retain the main bonding jumper shall accommodate the wire sizesinvolveg.

75.1.5 The ground bus and neutral bus, when provided, shall have cross-sectional‘area not smaller than
that specifigd in Table 75.1 for the main bonding jumper.

75.1.6 Telminals for equipment grounding conductors, when provided, for'load side equipmgnt, shall be
sized in acdordance with Section 14, Grounding — General.

Table 75.1
Size of grounding electrode conductor and main or system bonding jumper
Size of main bonding jumper or Equivalent'cross section of main
system bonding jumper bonding jumper or system bonding Size of grounding electrode
(minimum)® jumper (minimum) conductor (minimum)®
Service or
system Copper Aluminum Copper Aluminum Copper Aluminum
ampere AWG AWG
rating not | AWG or ) or y . " . or )
exceeding | |kemil (mm°) [ kemil (MM9)-] inches? (MM°) | inches? (Mm") [ AWG (mm®) [ kcmil (mm°)
90 8 (8.4) 6 (13:3) 0.013° (8.39) 0.021°  (13.55) 8 (8.4) 6 (13.3)
125 6 (13.3) 4 (21.2) 0.021° (13.55) | 0.033° (21.29) 6 (13.3) 4 (21.2)
150 6 (13.3) 4 (21.2) | 0.021¢ (13.55) | 0.033% (21.29) 6 (13.3) 4 (21.2)
200 4 (21.2) 2 (33.6) | 0.033¢ (21.29) | 0.052¢ (33.55) 4 (21.2) 2 (33.6)
225 2 (83°6) 1/0 (53.5) | 0.052%"  (33.55) | 0.083%" (53.55) 2 (33.6) 1/0  (53.5)
400 1/09 (63.5) 3/09 (85.0) | 0.083"¢  (53.55) | 0.13279 (85.16) | 1/0°  (53.5) [|3/09 (85.0)
500 1/0 (53.5) 3/0 (85.0) 0.083 (53.55) 0.132  (85.16) 1/0 (53.5) | [3/0 (85.0)
800 210 (BZ-4) 410 (4072 0105 (8774} 0-166—(107-40) 2/0 (BZ-4) 4/0  (107.2)
1000 3/0 (85.0) 250 (127) 0.132 (85.16) 0.196  (126.45)| 3/0 (85.0) | 250 (127)
1200 250? (127) 250 (127) 0.196* (126.45) | 0.196 (126.45)| 3/0 (85.0) | 250 (127)
1600 300° (152) 4002 (203) 0.236%  (152.26) | 0.314® (202.58) | 3/0 (85.0) | 250 (127)
2000 400? (203) 500° (253) 0.314%  (202.58) | 0.393% (253.55)| 3/0 (85.0) | 250 (127)
2500 500° (253) 700° (355) 0.393%  (253.55) | 0.550° (354.84)| 3/0 (85.0) | 250 (127)
3000 6007 (304) 7502 (380) 0.4712 (304.0) | 0.589* (380.00) | 3/0 (85.0) | 250 (127)
4000 750° (380) 1000  (506) 0.589%  (380.00) | 0.785* (506.45) | 3/0 (85.0) | 250 (127)
5000 900 (456) 1250 (633) 0.707 (456.0) 0.982  (633.0) 3/0 (85.0) | 250 (127)
6000 1250 (633) 1500 (760) 0.982 (633.0) 1.178  (760.0) 3/0 (85.0) | 250 (127)

Table 75.1 Continued on Next Page
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Table 75.1 Continued
Size of main bonding jumper or Equivalent cross section of main
system bonding jumper bonding jumper or system bonding Size of grounding electrode
(minimum)® jumper (minimum) conductor (minimum)P®

Service or

system Copper Aluminum Copper Aluminum Copper Aluminum

ampere AWG AWG
rating not | AWG or or or
exceeding [ kemil (MM?) | kemil (mm?) [ inches? (MM?) [inches? (mm?) [ AwG (mm?) [kcmil (mm?)

@ The cross section may be reduced to 12.5 percent of the total cross section of the largest main service conductor(s) of the same
material (copper or aluminum) for any phase on service equipment rated 1200 amperes and above. This applies when the cross
section of the service conductor is limited by the wire terminal connectors provided.

® These are al
°ANo. 8 (4.2

4 A No. 10 (4.9
may be used.

¢ANo. 10 (4.9
used.

fA 1/4 inch (6.
may be used.

9 When the an{
AWG (85 mm?3
these values n
aluminum.

that is visible dfter installation, may be used.

0 sizes for the grounded service conductor of 75.1.2.

nm diameter) or larger brass or No. 10 (4.8 mm diameter) or larger steel screw, the head of whichthas
mm diameter) or larger brass or steel screw, the head of which has a green finish that is visible“after in

mm diameter) or larger brass screw, the head of which has a green finish that is visible.after installatior

. mm) diameter or larger brass or steel screw, the head of which has a green finish'that is visible after i

pere rating is 400 amperes and the wire terminal connectors for the main service conductors are rated
copper or two 250 kemil (127 mm?) aluminum conductors but will net&ccept a 600 kemil (304 mm?) co
ay be reduced to 2 AWG [0.052 square inch, (33.55 mm?)] copperor.4/0 AWG [0.083 square inch, (53,

Jgreen finish

tallation,
, may be
stallation,

or two 3/0
hductor,
b5 mm?)]

75.2 Spac

75.21 Thg
carrying par
comply with
(such as the

75.3 Field

75.3.1 The

connection ¢f a conductor sized in accordance with Section 28, Field Wiring.

ngs

spacings on the supply side of the main overcurrent protection between uninsulg
ts of adjacent components and grounded dead-metal parts and at field wiring ter|

feeder, branch, or control circuit).
wiring terminals

field wiring terminals for the ungrounded service conductors shall accom

75.4 Disc

7541 A

used as the service disconnecting means.

nnectingimeans

isconnect switch shall comply with 30.1.1 — 30.1.4. A manual motor controller

ted current-
Mminals shall

the spacing requirements specified in Table 10.2 regardless of their location i the circuit

modate the

thall not be

75.4.2 A main disconnecting means which simultaneously opens all ungrounded conductors of each
service entrance to the panel shall be provided as a part of the industrial control panel.

75.4.3 No more than six disconnecting means shall be required to completely disconnect the service to
the industrial control panel. A service for connection of lighting or appliances shall not require more than
two disconnecting means to completely disconnect the service.

75.4.4 A disconnecting means for SPDs, ground fault equipment, and the control circuit for power
operated disconnecting means shall not be counted towards the number of disconnecting means allowed

by 75.4.3.
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75.5 Neut

75.5.1

ral disconnecting means

shall consist of:

a) Another pole of the main disconnecting means; or

b) A

removable link that complies with 75.5.2.

75.5.2 The disconnecting means required in 75.5.1 is able to be any of the following:

a)A

link, screw, or similar conducting piece that connects two terminals.

The neutral conductor shall be provided with a disconnecting means. The disconnecting means

b) W
or th

c) A
AW(

d) A

7553 Wi
conductor g

7554 Th
terminal an

ire connectors or a terminal plate or bus provided with wire-binding screws and,'d
e equivalent for clamping a 10 AWG (5.3 mm?) or smaller wires.

stud provided with wire connectors or lugs or with nuts and cupped.Washers for
5 (5.3 mm?) or smaller wires.

multiwire connector.

nd the load conductor connector.

b disconnect link shall be located on the load side of the grounding electrod
j the main bonding jumper terminal, as showmin Figure 75.11. The link shall be lo

unintention@l contact with any uninsulated ungrounded, part on the line side of the disconne

does not oq
removal wit
link.

cur while the link is being removed or replaced. The disconnecting link shall be a

pturned lugs

clamping 10

h respect to 75.5.2 (b), (c), and (d), the disconnecting.means is the joint betwgen the load

e conductor
ated so that
cting means
ccessible for

hout the need for loosening any screws or bolts that secure parts other than th¢ disconnect
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Figure 75.11

Neutral disconnecting means location

S3780

ELECTRODE ——=

CONDUCTOR

75.6 Grouphd-fault protection

75.6.1 Ad
the requiren

LM .
L2 4 . _— LOAD
L3 N . ]
/ MAIN
A,
NEUTRAL
SOURQ . ? * *
MAIN DISCONNECT LOAD
BONDING LINK 9
JUMPER — _— GROUND
BUS
GROUNDING

pvice provided for ground fault;protection for equipment as required in 75.6.2 shall
hents in the Standard for Ground-Fault Sensing and Relaying Equipment, UL 1

comply with
053. Circuit

breakers that have been investigated to the Standard for Molded-Case Circuit Breakers, Molded-Case

Switches, a
comply with

75.6.2 Eql

ipment intended for 3-phase, 4-wire, solidly grounded wye-connected servic

hd Circuit-Breaker ‘Enclosures, UL 489 and include ground-fault protection fon equipment
this requirement:

bs rated in

excess of 150 volts™to ground, and not exceeding 1000 volts phase-to-phase, shall be provided with
ground-faulf] proteetion for each service disconnecting means rated 1000 amperes or more. The ground-

fault protectjomequipment provided shall operate to cause the service disconnecting means

ungroundedlconductars of the faulted circuit The maximum setting of the ground-fault protect

1200 amperes.

to open all
ion shall be

Exception: Ground-fault protection is not required to be provided for equipment marked in accordance with

77.5.4.

75.6.3 Compliance with the requirements specified in 75.6.1 and 79.1 anticipates that each service
disconnect device to which the requirement applies is provided with automatic tripping means for actuating
by ground-fault sensing and relaying equipment that is able to be a part of the service disconnect device or

a separate device.

75.6.4 Ground-fault sensing and relaying equipment that is not a part of the disconnect device shall be
mounted in the equipment enclosure and connected to the disconnect device and power source. The
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rating of the disconnect device control circuit shall be compatible with that of the sensing and relaying
components.

75.6.5 A ground fault protection system that employs a sensing element that encircles the grounded
service conductor, when provided, and all ungrounded conductors of the protected circuit (commonly
referred to as a zero-sequence type system) shall be connected in such a manner that the sensing
element is located on the load side of any grounding or bonding connection to the grounded service
conductor. It is able to be on the line or load side of the disconnecting device for the protected circuit. A
typical zero-sequence type system is shown in Figure 75.12.

Figure 75.12
Zero-sequence system
J—PHASE, 4-WIRE
TRANSFORMER
MAIN N
N\
A
/7N
B
— /N
_ C A
1
|
l/ |
N—e :
. \_/
GF. | ___ |
RELAY
GROUND BUS
$3193 -
75.6.6 A ground fault protection system that combines the outputs of separate sensing elements for the
grounded service tonductor, ifany, andeach ungroundedtonductor {commonty Teferredtoas a residual

type system) shall be installed in such a manner that the neutral sensing element is located on the load
side of any grounding or bonding connection to the grounded service conductor. The ungrounded
conductor sensors are able to be within or on the line or load side of the disconnecting device for the
protected circuits. A typical residual type system is shown in Figure 75.13.
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Figure 75.13
Residual system
3—PHASE, 4-WIRE
TRANSFORMER
MAIN
-~ Y
A R
7~ Y
B I T ]
— /-\
35 c—— PR
I
I
r | T
N : -J{ oL
1
|
G.F.
RELAY
X GROUND BUS
S31/92 3
75.6.7 A gfound fault protection system that-employs a single sensing element to detect thel actual fault
current (compmonly referred to as a ground- return system) shall be installed in such a manper that the
sensing element detects any current-that flows in the grounding electrode conductor, the mpin bonding
jumper, and|any other grounding connection within the equipment that is able to be made to the grounded
service condluctor. This will require. that, other than for the connections mentioned, the grounided service
conductor bg insulated from the*noncurrent-carrying metal. A typical ground return system s shown in

Figure 75.14.
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Figure 75.14

Ground return system

3—PHASE, 4-WIRE

TRANSFORMER
MAIN
A/_\
B/\
=AY >
|
|
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|
a G.F¢
REKAY
g GROUND BUS
$3194 -

75.6.8 WHhen the construction of ground*fault sensing and relaying equipment is such that a reset
operation i required to restore the equipment to functional status following operation due to alground fault
or test, the gonstruction shall prohibitthe closing and maintaining contact of the disconnecting|device to be
controlled by the ground-fault sensing-and relaying equipment until the reset operation is perfgrmed.

75.6.9 The primary of a ground-fault protection control circuit transformer is able to be connpcted on the
line or load|side of the main_disconnect. The primary of the control circuit transformer shall be connected
to two line Joltage partsi(hot a phase conductor and the grounded service conductor). When ¢onnected to
the line sidg of the main; a fused disconnect switch or circuit breaker that is intended for service equipment
and that prpvides“overcurrent protection shall be installed on the line side of the transformgr or control
circuit or bgth,.and the service equipment shall be marked as specified in 77.5.2. Overcurrent [protection is
not required for the control circuit when wired to the load side of the main disconnect unles the control
circuit wiring leaves the enclosure.

75.6.10 The secondary circuit of a control power transformer for the ground fault protection system shall
be grounded when the circuit extends or is able to extend beyond the equipment in which the transformer
is mounted and when the secondary voltage:

a) Is less than 50 volts and the transformer supply is greater than 150 volts to ground or the
transformer supply at any voltage is ungrounded; or

b) Is 50 volts or greater and the secondary circuit is capable of being grounded so that the
maximum voltage to ground on the ungrounded conductors does not exceed 150 volts.

75.6.11  When a transformer secondary is required to be grounded in accordance with 75.6.10 a main
bonding jumper shall be factory connected to the transformer secondary and to the ground bus (or the
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terminal for the grounding electrode conductor when there is no ground bus). The size of the main bonding

jumper shall

75.6.12

be as specified in Table 75.1 based on the transformer secondary current rating.

In equipment incorporating ground-fault protection of the ground return type as described in

75.6.7, the main bonding jumper shall be factory connected to the neutral bus and to the enclosure or the

ground bus,

and the equipment shall be marked as specified in 77.1.1.

75.7 Overcurrent protection

75.71

Overcurrent protective devices shall comply with 31.1 or 32.1, as applicable.

75.7.2 Thg

a) A
ungr

b) Fg
devig

Overcurrent
fuseholders
respectively
of their curre

75.7.3 No
simultaneou

75.8 Com

75.8.1 Oth
service disc

75.8.2 An

located on tipe line side of the service disconnecting means.

equipment is able to be provided with overcurrent protection consisting of:

single main overcurrent protective device (fuse or circuit breaker pole) in\serie
bunded service conductor; or

es for each ungrounded service conductor (or set of parallel conductors of the sam

shall not be arranged for accommodation of fuses ifv parallel (both line and
. When two overcurrent devices per pole are used fofia lighting and appliance cirg
nt ratings shall equal that of the full-load current.

bvercurrent protective device shall be placed in any permanently grounded condug
sly opens all conductors of the circuit.

bonents on the supply side of the disconnecting means

bnnecting means.

neter socket shall comply with the Standard for Meter Sockets, UL 414 and is

5 with each

r other than control of a lighting and appliance circuit, not more than'six overcurremt protective

e polarity).

protective devices of the same polarity are able to be connected together on the lipe side, and

load sides,
uit, the sum

tor unless it

er than as specified in 75.8.2.— 75.8.4, components shall not be located on the ling side of the

able to be

75.8.3 Control circuits_for power operable service disconnecting means, or for ground fault protection
covered by [75.6, aredable to be connected to the line side of the service disconnecting means when
provided with disconnecting means and overcurrent protection.

75.8.4 A Type)1 SPD shall comply with the requirements in the Standard for Surge Protective Devices,
UL 1449.

76 Ratings

76.1 An industrial control panel intended for use on a supply circuit involving two different potentials,

such as 120/240 volts, 3-wire, or 208Y/120 volts, 3-phase, 4-wire, shall have a suitable combination

voltage ratin

g as indicated in 76.2.

76.2 The requirement in 76.1 is in regard to the combination rating of an industrial control panel that is

intended for

use only on circuits such as:

a) 120/240 volt, single phase, 3-wire, ac, with grounded neutral,

b) 125/250 volts, 3-wire, dc, with grounded neutral;
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c) 208Y/120 volt, 3-wire, ac (from 3-phase, 4-wire network);
d) 480Y/277 volt, 3-wire, ac (from 3-phase, 4-wire network);
€) 208Y/120 volt, 3-phase, 4-wire;

f) 240/120 volt, 3-phase, 4-wire, delta; or

g) 480Y/277 volt, 3-phase, 4-wire.

76.3 An industrial control panel for service equipment use shall be provided with a short circuit current
rating for each input that complies with the requirements in Supplement SB.

77 Markings

77.1 Bonged neutral

77.1.1 Eqlipment having a neutral that is factory bonded to the enclosure and that id capable of
accommodating not more than six main disconnecting means shall be marked "Suitable only for use as
service equjpment.”

77.1.2 Eqpipment that has the neutral bonded at the factory by a removable bonding mepns shall be
marked "Bgnded neutral, remove bonding means for test purposesonly."

77.2 Insujated neutral

77.2.1 Eqlipment having a neutral insulated from the enclosure, intended for use as servicg equipment,
and that actommodates not more than six main disconnecting means shall be marked "Suitabjle for use as
service equjpment.”

77.3 MarKing location

77.3.1 The markings specified in 77.1 and 77.2 shall be an integral part of the manufacturerfs nameplate
marking comtaining the manufaeturer's name or trademark as specified in 52.1.

77.4 Discpnnects

77.4.1 Eagh service* disconnecting means for ungrounded conductors shall be marked "Service
disconnect'| as speeified in 77.4.2 and 77.4.3.

EXCeption MNo—+—Severat aGf/'auclu‘ serviee—disconnects—are—abte—to—be—identified by the—stt gle marking

"Service disconnects” together with an indication as to which switch or circuit breaker handles are the
service disconnects.

Exception No. 2: A disconnect means provided for the control circuit of a ground-fault protection system is
not required to be so marked.

77.4.2 For equipment marked as "Suitable only for use as service equipment," the marking or indication
identifying a service disconnecting switch or circuit breaker required in 77.4.1 is to appear on or adjacent
to the switch or circuit breaker handles where visible without removing a trim or dead front.

77.4.3 When the equipment is marked "Suitable for use as service equipment," the marking "Service
disconnect" shall be provided in the form of pressure sensitive labels in an envelope, or on a card, with
instructions to apply near the disconnect handles when the equipment is used as service equipment.
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77.5 Ground-fault protection

77.5.1 When ground-fault protection is provided, a marking shall be provided to indicate the circuit (main,
feeder, or branch) that is so protected. The marking shall be on the ground-fault sensing or relaying
equipment and shall be visible from the front of the equipment with a cover removed, or a separate
marking visible from the front of the equipment with a cover removed (such as on a wiring diagram) shall
be provided.

77.5.2 When a transformer providing control voltage for ground-fault protection is connected to the line
side of the main disconnect, this disconnect is able to be identified as the "main" and the service
equipment shall be marked adjacent to the main disconnect "DANGER — This main does not disconnect
control and instrumentTireuits:®

77.5.3 In gquipment with ground-fault protection, the part of the neutral bus for load terminafion shall be
marked "WARNING — Do not connect grounding conductors to these or any other neutral ternpinals; to do
so will defe@t ground-fault protection."The marking shall be located on or adjacént‘to the pgrtion of the
grounded sdrvice conductor for load terminals.

77.5.4 EqU
shall be mar

ipment that is not provided with ground-fault protection as specified in the Exceptipn to 75.6.2

ked for its intended use as follows:

a) F ment when

supp
b) F

br equipment rated 3-phase, 4-wire, "Suitable onl§. for use as service equip
ying a continuous industrial process"; or

br equipment rated 3-phase, 3-wire, "Suitable “only for use as service equipment when

Supp|

78

78.1 To pr
ground fault
150 volts tg
sheets desc
date the tes|
charge of th
The instruc

Installation Instructions

ying a continuous industrial process or for, systems where the neutral is not solidly

relay or its functions intended for protection of a solidly grounded wye service rate
ground and not exceeding* 1000 volts phase-to-phase shall be provided with
Fibing system testing instructions, and with a test form. The form shall include a s
I was performed and_ the results, and shall state that the form should be retained
e building's electtical installation in order to be available to the authority having
ions shall includé the following items and shall basically prescribe only that

necessary t
detail that t

a) The interconnected system shall be investigated in accordance with the panel ma|
detailed instructions, and that this investigation is to be undertaken by qualified personn

perform the-fests. The instructions shall be separate and apart from any more el
manufasturer wishes to provide. The instructions shall specify that:

grounded.”

bvide for system performance testing, each ground-fault relay or apparatus incgrporating a

H more than
information
bace for the
by those in
jurisdiction.
information
hborate test

nhufacturer's
el.

b) The location of the sensors around the bus of the circuit to be protected shall be determined.

This

can be done visually with knowledge of which bus is involved.

c) The grounding points of the system shall be verified to determine that ground paths do not exist
that would bypass the sensors. The use of high-voltage testers and resistance bridges is able to be

sugg

ested.

d) The installed system is to be tested for correct response by the application of full scale current
into the equipment to duplicate a ground-fault condition, or by equivalent means such as by a

simu

lated fault current generated by:
1) A coil around the sensors; or

2) A separate test winding in the sensors.
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e) The results of the test shall be recorded on the test form provided with the instructions.
79 Tests By The Manufacturer — Ground-Fault Protection Test

79.1 With a simulated fault current flowing as described in 79.2, a factory test shall be conducted for
each switchboard section or interior incorporating ground-fault protection equipment to determine that the
ground-fault sensing and protective equipment functions. The primary of the control transformer, when
provided, is to be energized at not more than 57 percent of its voltage rating. The relay is able to be set for
any convenient pickup value. Following this test, with simulated ground fault current no longer flowing, an
attempt is to be made to close the main switch or circuit breaker without pushing any reset button. When
the switch or breaker stays closed, the simulated ground-fault current is to be reapplied and the ground-

fault protecfiomsystermshaftfunctiomn:
Exception No. 1: The factory test is not required for a residual type ground-fault protectorwheh:
a) Qperation is powered by the fault current itself so that no other contfol circuif potential is
reqdired; and
b) The ground fault protection other than the neutral current senser/is contained within and has
beef investigated with the circuit breaker or switch.
Exception No. 2: The applied voltage may approximately <be" rated voltage when the particular
combinatiom of transformer, ground-fault sensing and relaying“equipment, and disconnecting means has
been previqusly tested at not more than 57 percent of rated voltage.
79.2 One|method of simulating a ground fault curren{is by wrapping a number of turns of ire through
the sensor. |A current approximately 125 percent of the pickup setting of the relay divided by te number of
turns is papsed through the wire to simulate th€; ground-fault current. Other methods of gimulating a
ground-faulf current are able to be used when agreed upon by all concerned.
ELEVATOR CONTROL
80 Generpl
Section 80 deleted
FLAME CQNTROL
81 Generrl
81.1 These requirements cover industrial control panels intended for control of fossil fuel-burning

equipment such as incinerators, kilns, and drying ovens. A flame control panel shall contain one or more
primary safety controls and/or ignition transformers.

81.2 For the purpose of these requirements, a primary safety control is a device that controls and
monitors the operation of the burner.

81.3 For the purpose of these requirements, an ignition transformer is an isolating transformer with a
high-voltage secondary winding that is used to create a spark to light a pilot flame.

81.4 A flame control panel shall comply with the requirements in Sections 4 — 61 of this standard and
shall also comply with Section 82, Construction.
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82 Construction
82.1 Component requirements

82.1.1 A primary safety control shall comply with the Standard for Automatic Electrical Controls for
Household and Similar Use — Part 2: Particular Requirements for Burner Ignition Systems and
Components, UL 372.

82.1.2 An ignition transformer shall comply with the requirements in the Standard for Specialty
Transformers, UL 506.

82.1.3 A hlgh-voltage ignition cable shall comply with the Standard for Gas-Tube-Sign Cable,|UL 814.
82.2 Spacjngs

82.2.1 Unipsulated live parts of the high-voltage secondary of the ignition-transformer that are
ungrounded| shall have spacings in accordance with Table 82.1 between parts¥of opposite polarity and to
grounded d¢ad-metal parts including the enclosure.

Exception: These spacings are not required to be maintained between-a grounded secondary part and a
grounded degad-metal part.

Table 82.1
Minimum spacings involvingdive secondary parts

Transfofmer Through air Over surface
secondary voltage
rating, Jolts inches (mm) inches (nm)
0-5,dJoo 1/2 (12.7) 3/4 (19.1)
5,001 — 1p,000 7/8 (22.2) 1-1/4 (31.8)
10,001 — 12,000 1-1/8 (28.6) 1-1/2 (38.1)
12,001 — 15,000 1-1/2 (38.1) 2 (40.8)

82.3 Interpal wiring

82.3.1 Intgrnal wiring to an ungrounded part of the ignition transformer shall comply with 82.1{3 and have
a voltage rafing n6tless than the rated secondary voltage of the ignition transformer.

82.4 Location

82.4.1 The output from a primary safety control to the main gas valve shall not have interposing
components that are able to switch or isolate the control voltage.

82.5 Separation of circuits

82.5.1 Internal wiring and field wiring terminals to the high-voltage secondary of the ignition transformer
shall be segregated or separated by barriers from uninsulated live parts, internal wiring, and field wiring of
all other circuits.
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82.6 Ove

82.6.1

rcurrent protection

with Section 42, Overcurrent Protection — Control Circuits (Isolated Secondary).

83 Marking

83.1

MARINE U

84 Generhl

84.1

Thes

SE

The primary winding of an ignition transformer shall have overcurrent protection in accordance

The nameplate required in 52.1 shall additionally include the words "Flame Control Panel."

e requirements cover industrial control panels intended for use aboard vessels

pver 65 feet
10)]. These

enclosures;

eS.

of dripproof
t enclosures

ore than 24

(19.9 m) inflength [USCG Electrical Engineering Regulations Subchapter J (46 .CFR, Part
requirements supplement the applicable requirements in Sections 4 — 61 of this standard.
85 Constfuction
85.1 Enclpsures
85.1.1 An|enclosure shall comply with the requirements in Sections 18 — 27 except as modglified by this
section.
85.1.2 Anlenclosure shall be one of the following types:
a) Npnwatertight and in compliance with therequirements for Type 1 enclosures;
b) Dripproof and in compliance with thierequirements for Type 2, 3, 3R, 3S, 5, 12, or 13
or
c) Watertight and in compliance/with the requirements for Type 4, 4X, 6, or 6P enclosur]
85.1.3 Caple entrance plates,»when provided, for watertight enclosures and at the top
enclosures fshall be at least 1/8'inch (3.2 mm) thick and shall be fitted with gaskets. Watertigh
shall be provided with external feet or external lugs for mounting.
85.1.4 A ¢ontroller_having doors that are either more than 45 inches (1.14 m) high or mnj
inches (610 mm) wide shall be provided with door positioners and stops.

85.1.5 Equipment mounted on a door shall be constructed or shielded so that no live parts of the
equipment mounted on the door will be exposed to unintentional contact when the door is open and the

circuit is en

ergized.

85.2 Autotransformer starters

85.2.1

An autotransformer starter with a case for oil shall not leak when tilted to an angle of 30 degrees

and shall be constructed to prohibit the oil from splashing out of the case as a result of motion of the

vessel.
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85.3 Insulating materials

85.3.1 Porcelain shall not be used for lampholders, switches, receptacles, fuse blocks, or similar parts,
where the material is rigidly fastened by machine screws or equivalent means.

85.4 Branch circuit overcurrent devices

85.4.1

Plug fuses of Edison-screw and renewable-link cartridge type fuses shall not be used.

86 Ratings

86.1 An ar

hbient temperature rating of 40°C (104°F) shall be assigned to all control panelst

87 Markings

87.1 The 1
following: "In

87.2 Aheqd
door. An ad
Labeling Sy

87.3 A dri
"Watertight

AIR CONDI

88 General

88.1 Thes
conditioning

88.2 A parn
in Sections
or modify th

ameplate required in 52.1 shall additionally include the ambient t€mperature rat
dustrial Control Panel for Marine Use."

ing and the

t-resistant, durable wiring diagram shall be permanently attached to the inside of the controller

hesive-backed label used for this marking shall comply, with the Standard for N
stems, UL 969, for the surface and environment involyed)

bproof or watertight enclosure that complies, with 85.1.2 shall be marked "D
' as appropriate.

FIONING AND REFRIGERATION EQUIPMENT

b requirements cover industrial’ control panels intended for control of electric mot
and refrigeration equipment; including hermetic refrigerant motor compressors.

flarking and

Fipproof" or

br driven air

el for use with air,egnditioning and refrigeration equipment shall comply with the rgquirements

L — 61 of this standard and also with the requirements in Sections 89 — 92, which
b general-usetrequirements.

89 Glossary

89.1 Forth

supplement

e.putpose of applying the requirements in Sections 90 — 92, the following definitior]

applies.

89.2 BRANCH CIRCUIT SELECTION CURRENT — Maximum continuous current allowed by running
overload protective, such as a thermal protector, provided as part of the motor. The branch circuit selection
current is equal to or greater than the rated load current and is included on the motor nameplate.

90 Construction

90.1 Field

90.1.1
125 percent

wiring sizing — power circuit

of the full-load current rating of the load involved.

For hermetic refrigerant compressor motors, the anticipated field wiring shall have an ampacity of
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Exception: For a hermetic refrigerant compressor motor with a designated branch circuit selection current,
the field wiring terminal shall be sized per 28.3.1, based on the branch circuit selection current.

90.2 Disconnecting switches — power circuits

90.2.1 A disconnecting means for control of a hermetic refrigerant compressor motor shall be sized in
accordance with 30.2.2, using the larger of:

a) The motor full-load current; or

b) The branch circuit selection current and the motor locked rotor current.

90.3 Branch circuit protection sizing — power circuits

90.3.1 The size of branch circuit protection for a hermetic refrigerant motor compressor'shall[be:

a) Based on the full-load motor current calculated from Table 50.1 or (Table 50.2, of the branch
circyit selection current, whichever is higher; and

b) Qetermined using the maximum ratings for dual element {time-delay) fuses of| Table 31.1,
regdrdless of the type of branch circuit protective device employed.

90.4 Load controllers — power circuits

90.4.1 An|electro-magnetic load controller for control of a hermetic refrigerant motor compressor shall
comply with the requirements for a definite-purpose metor-controller specified in the Standard for Industrial
Control Eqyipment, UL 508.

90.4.2 A dolid-state motor controller or a variable speed drive for control of a hermetic refrigerant motor
compressof shall comply with the requirements specified in the Standard for Industrial Contro| Equipment,
UL 508, or the Standard for Adjustable~Speed Electrical Power Drive Systems — Part|5-1: Safety
Requirements — Electrical, Thermal and:Energy, UL 61800-5-1.

90.4.3 A definite-purpose controller for a hermetic refrigerant motor compressor shall:
a) Hpve a voltage rating not less than the rated voltage of the circuit;

b) Have a cufrent rating not less than the full-load current of the motor or the bfanch circuit
seleftion current, whichever is higher; and

c) Have.an LRA (locked rotor ampere) rating not less than the LRA rating of the motor.

90.4.4 A solid state motor controller or a variable speed drive shall comply with 90.4.3 (a) or (b).
91 Ratings

91.1 The output terminals for connection to a hermetic refrigeration motor compressor shall be rated in:

a) FLA of motor or branch circuit selection current, whichever is used for sizing of components in
Section 90, Construction;

b) LRA; and

c) Volts.
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92 Markin

921
Equipment"”

FOUNTAIN

9

or "Industrial Control Panel for Air Conditioning Equipment.”

CONTROL PANELS

93 General

93.1
fountains or

93.2 Afou

also with thg

94 Constr

94.1 Grou
94.1.1
circuits that
larger of a
overcurrent

a) P

b) U
trans

94.1.2 Cor
shall comply
1563, Supp
Conduit Co

Thd

floating fountains intended for aeration or aesthetic value.

The nameplate required in 52.1 shall additionally include "Industrial Control Panel for Refrigeration

These requirements cover fountain control panels intended for control of permanently installed

htain control panel shall comply with the requirements in Sections 4 — 61 of this's
requirements in Sections 94 — 96, which supplement or modify the general-use re

uction

hding

are intended for supplying any of the following type§ of equipment shall accom
12 AWG conductor and the conductor size required by Table 15.1 based upon
brotection for the circuit.

mp motor,

nderwater luminaire supplied directly-tor through a field-provided, external-{
former, junction box, GFCI, or other device.

trollers intended for direct conduit connection to wet-niche or no-niche underwate

ement SA — Supplemental’Requirements for Enclosures of Products Constructe
nection To A Wet-Niche or No-Niche Luminaire except those portions relating

Supplementpl Bonding condugtors.

94.2 Grou

9421 Ac
shall includ
requiremen
Interrupters,

nd — fault protection

bntroller.with output circuits intended for connection to any of the following types o
ground-fault circuit interrupter protection for the circuit. The GFCI shall com

andard and
uirements.

equipment grounding terminal(s) for the controller’s sdpply circuit and for contfoller output

modate the
the size of

p-controller,

I luminaires

with the Standard for Electtic Spas, Equipment Assemblies, and Associated Eqiipment, UL

] For Direct
to 8 AWG

f equipment
bly with the
bult Circuit-

for'a Class A ground-fault circuit interrupter in the Standard for Ground-F

UL Y495.

a) Submersible pumps

b) Underwater luminaires (pool or fountain)

c) Ot

Exception No. 1:

her submersible equipment

equipment of items (b) and (c) provided the output circuit operates at:

Ground-fault circuit-interrupter protection is not required for output circuits for the

a) 15 volts AC, or less, and is supplied by an isolating transformer that is integral with the controller
and that complies with the requirements specified in the Standard for Power Units for Fountain,
Swimming Pool, and Spa Luminaires, UL 379, or
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b) 30 volts DC, or less, and is supplied by an isolating power supply that is integral with the
controller and that complies with the requirements specified in the UL 379.

Exception No. 2: Controllers marked with the following or equivalent: "This controller is not provided with
integral GFCI protection for the [] circuit. When this controller is used to supply this type of equipment,
suitable GFCI protection (or a swimming pool type transformer or power supply) shall be provided in the
field". The blank shall be filled in with the type of equipment for which the circuits are intended. The terms

in parenthesis are optional.

94.3 Equipotential bonding

94.3.1 A gressure wire connector, sized to accommodate an 8 AWG (8.4 mm?) solid coppdr conductor,
shall be prpvided to bond the unit, if needed, to the local bonding grid during installatign. The wire
connector ghall be conductively connected to the equipment grounding means.

94.4 Cord strain relief

94.4.1 Unjts intended to terminate the cords from remote submersible {iminaires or floatihg fountains
shall be prqvided with integral strain relief or cord grip fittings suitable for-the size of cords involved that
comply with the Standard for Conduit, Tubing and Cable Fittings, UL 514B.

95 Ratings

95.1 The |maximum voltage between conductors on the”load side of the panel for cdnnection to
luminaires (lighting fixtures) shall not be more than 150</olts where lighting load is connecfed between
one of line [pads and neutral.

95.2 The [maximum voltage between conduetors on the load side of the panel for conpection to a
submersibl¢ pump and other submersible eqlipment shall not be more than 300 Volts.

96 Marking

96.1 The |nameplate required.in 52.1 shall additionally include “Industrial Control Panel|for Floating
Fountain” of “Industrial Control Panel for Permanently Installed Fountain” or “Fountain Control|Panel”.
96.2 For panels intended to control a non-submersible, single phase, 120 or 240 volt motgr, the motor
output ternjinals on~{he panel or installation drawing shall be additionally marked “Not Fqr Control of
Submersible Motorer the equivalent.

96.3 The Installation instructions for controllers intended for connection to floating fountains ishall specify

mounting a

minimum of 300 mm (12 in.) above the electrical datum plane.

INDUSTRIAL CONTROL PANELS FOR IRRIGATION EQUIPMENT

97 General

97.1 These requirements cover industrial control panels intended for control of electrically operated
irrigation equipment.

97.2 An industrial control panel for irrigation equipment shall comply with the requirements in Sections 4
— 61 of this standard and also with the requirements in Sections 97 — 99, which supplement or modify the
general-use requirements.
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98 Construction
98.1 Sizing of motor controller

98.1.1 For an industrial control panel is intended for intermittent duty only, a motor controller is able to be
sized in accordance with 98.1.2 or 98.1.3.

98.1.2 For marked for intermittent duty only, the full load current rating, or equivalent FLC based on the
motor HP from Table 50.1, shall be not less than 125 percent of the largest motor plus 100 percent of all
remaining motor loads and also have a locked rotor current rating based on the motor horsepower from
Table 50.3 for three phase motors, or six times the equivalent FLC from the motor HP — Table 50.1 for
single phas¢ motors, shall be not less than the Tocked rofor current of the two Targest motors pJus the FLC

of all remain

98.1.3 For
current ratin
ratings of a
locked rotor

ng motors.

an industrial control panel marked for use with a center pivot irrigationymachine,
g shall be not less than 125 percent of the largest motor plus 60 percenbof the full
| remaining motors and also shall have a locked rotor current rating of 200 pe
current of the largest motor plus 80 percent of the FLA's of all remaining motors.

98.2 Disconnecting means

the full load
oad current
rcent of the

98.2.1 Thg disconnecting means shall be sized not less than 981"
98.3 Branch circuit protection
98.3.1 Seyeral motors may be protected by a 30 A, 1000 V or smaller branch circuit proteftive device
when all of the following are met:
a) All motors are rated 2 hp or less;
b) THe full load current of each mgtor is not more than 6 A; and
c) Epch motor is provided with individual motor overload protection and the branch circuit
protgction does not exceed the ratings on the overload relay heater table.
98.4 Interpal conductors
98.4.1 Intdrnal conductors that carry the current of multiple motor loads shall be sized to the full load

current as determined in 98.1.

99 Markiny

99.1

The industrial control panel nameplate shall include the following information:

a) The rating of the main disconnecting means and branch circuit protection if not provided in the
industrial control panel;

b) “Industrial Control Panel for Electric Irrigation Equipment” or “Industrial control panel for center

pivot

irrigation equipment”, as appropriate; and

c) The output ratings for motors shall be marked, “intermittent duty only”, when the provisions of
98.1.2 have been applied for sizing the motor controller and disconnecting means.
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CONTROL PANELS FOR AQUATIC PLAYGROUNDS
100 General

100.1 These requirements cover control panels intended for control of permanently installed electrical
equipment for aquatic playgrounds.

An Agquatic Playground is a recreational area designed specifically for interactive water play. Unlike swimming and wading pools,
aquatic playgrounds have no standing water. Occupants are exposed to water by various types of spraying devices.

100.2 These requirements do not cover control panels intended for control of permanently installed

electrical eguipmentforrecreationa—areas fravingstarding—water or water i cormmmom with swimming,

wading or gaddling pools. For panels in these applications reference Section 105 as well-as the Standard
for Electric Bpas, Equipment Assemblies, and Associated Equipment, UL 1563.

100.3 An pquatic playground control panel shall comply with the requirements_in-Sections 4 — 61 of this
standard and also with the requirements in Sections 101 — 104, which supplement or modify [the general-
use requirements.

101 Glossary

101.1 AQUATIC PLAYGROUND - A recreational area designed specifically for interactivg¢ water play
and having jno standing water or water in common with swimming, wading or paddling pools.

101.2 LOY VOLTAGE CONTACT LIMIT — A voltage not’exceeding the following values:
a) 1% volts (RMS) for sinusoidal ac;
b) 21.2 volts peak for nonsinusoidal ac;
c) 30 volts for continuous dc; and

d)

[N

.4 volts peak for dc that is.interrupted at a rate of 10 to 200 Hz.
102 Construction
102.1 Grqunding

102.1.1  The equipment grounding terminal(s) for the controller’s supply circuit and for contrpller outputs
shall accorpmedate the conductor size required by Table 15.1 based upon the size of| overcurrent
protection fprithe circuit, but not smaller than 12 AWG.

Exception: Outputs marked for use with low-voltage luminaires not requiring grounding.
102.2 Ground-fault protection

102.2.1 A controller with output circuits intended for connection to any of the following types of
equipment shall include ground-fault circuit interrupter (GFCI) protection for the circuit. The GFCI shall
comply with the requirements for a Class A GFCI in the Standard for Ground-Fault Circuit-Interrupters, UL
943.

a) Submersible pumps;

b) Underwater luminaires;
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c) Other submersible equipment; or

d) Other electrical equipment installed outdoors.

Exception No. 1: Outputs intended for luminaires, submersible pumps and other submersible equipment
operating at the Low Voltage Contact Limit or less and supplied by a transformer or power supply that
complies with 102.3.

Exception No. 2: Output circuits for (a) — (c) when the controllers are marked with the following or
equivalent: "This controller is not provided with integral GFCI protection for the [ ] circuit. When this
controller is used to supply this type of equipment, suitable GFCI protection shall be provided in the field".

Th bl k ol ba Fllan] fn i idls Lo £ 0 £ oot impmacind fop i linly L1 iy i id PO oS oA ]
e ank Sipamoe-treaHiwhhtne Ly PC UT CHUIPTITCTIUTOT WITTCTIT UTC IO UntS arcIrteTiacyu.

102.3 Transformers and power supplies

102.3.1 An integral power source shall comply with:
a) THe Standard for Power Units for Fountain, Swimming Pool, and Spa LLuminaires, UL 379; or

b) The Standard for Low Voltage Transformers — Part 3: Class*2 and Class 3 Transformers, UL
5085-3.

103 Ratings

103.1 The| maximum voltage between conductors on-the load side of the panel for cgnnection to
luminaires shall not be more than 150 Volts where lightirig-load is connected between one of line leads and
neutral.
104 Markipg

104.1 The|nameplate required in 52.1Cshall include the phrase "Industrial Control Panel|for Aquatic
Playground'l or "Aquatic Playground Control Panel".

104.2 Thel|nameplate requirediin52.1 shall include the phrase “Not for use with installations With water in
common to & pool or spa".

CONTROL PANELS FOR'SWIMMING POOLS AND IN-GROUND SPAS

105 Genejal

105.1 ThesSe Tequirements Cover control paneis intended for control of permanently instaited electrical
equipment associated with commercial and large residential swimming pools and in-ground spas.

These panels typically control electrical equipment outside the 5 ft. (1.5 m) limit from the inside walls of the pool or spa. These panels
do not have sensors in contact with the pool water or remote controls within the 5 ft. (1.5 m) limit.

105.2 These requirements do not cover control equipment for factory produced self-contained spas, nor
panels with sensors in contact with the pool water or user controls intended to be mounted within 5 ft.
(1.5 m) of the inside walls of the pool or spa. Reference the Standard for Electric Spas, Equipment
Assemblies, and Associated Equipment, UL 1563.

105.3 A swimming pool and spa control panel shall comply with the requirements in Sections 4 — 61 of
this standard and also with the requirements in Sections 105 — 109, which supplement or modify the
general-use requirements.
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106 Glossary

106.1

LOW VOLTAGE CONTACT LIMIT — A voltage not exceeding the following values:

a) 15 volts (RMS) for sinusoidal ac;

b) 21.2 volts peak for nonsinusoidal ac;

c¢) 30 volts for continuous dc; and

d) 12.4 volts peak for dc that is interrupted at a rate of 10 to 200 Hz.

107 Construction

1071

107.11 C
circuits in d

General

bntrol panels for use with swimming pools and in-ground spas shall’have no sen
rect contact with the pool or spa water. This includes sensors for pool sanitation ¢

well as chlgrine or bromine cells. They are not prohibited from powering\external loads th3

circuits.

107.1.2 C
intended to

10713 C
generators.

107.2 Grdg

107.21 T
shall acconi
the circuit,

Exception:
107.22 C

luminaires
Equipment,

bntrol panels for use with swimming pools and in-ground spas shall have no U
be mounted within 5 ft. (1.5 m) of the inside walls ofthe"pool or spa.

pntrol panels for use with swimming pools and-in-ground spas shall have no in

unding

he equipment grounding terminal(s) for the controller’s supply circuit and for contr
modate the conductor size required by 15.1 based upon the size of overcurrent
ut not smaller than 12 AWG.

Dutputs marked foruse with low-voltage luminaires not requiring grounding.

pntrollers intended for direct conduit connection to wet-niche or no-niche
shall complyswith the Standard for Electric Spas, Equipment Assemblies, and
UL 1563; Supplement SA — Supplemental Requirements for Enclosures

Constructed for Rirect Conduit Connection to a Wet-Niche or No-Niche Luminaire.

ors or other
hemicals as
t have such

ser controls

egral ozone

pller outputs
rotection for

underwater
Associated
of Products

107.3 Grd

107.3.1

jund-fault protection

A controller with output circuits intended for connection to any of the following types of

equipment shall include ground-fault circuit interrupter (GFCI) protection for the circuit. The GFCI shall
comply with the requirements for a Class A GFCI in the Standard for Ground-Fault Circuit-Interrupters, UL

943.

a) Pump motors connected to single-phase 120-volt through 240-volt branch circuits;

b) U

Exception No. 1:

nderwater luminaires.

transformer or power supply that complies with 107.4.

Luminaires operating at the Low Voltage Contact Limit or less and supplied by a
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Exception No. 2: Output circuits for (a) — (b) when the controllers are marked with the following or
equivalent: "This controller is not provided with integral GFCI protection for the [ ] circuit. When this
controller is used to supply this type of equipment, suitable GFCI protection shall be provided in the field".
The blank shall be filled in with the type of equipment for which the circuits are intended.

107.4 Luminaire transformers and power supplies

107.41

An integral power source shall comply with:

a) The Standard for Power Units for Fountain, Swimming Pool, and Spa Luminaires, UL 379; or

b) T

e Standard for Low \/nlf:ugn Transformers — Part 3: Class 2 and Class 3 Trans

formers, UL

5085

107.5 Cor

107.5.1  Urn
strain relief

3.
i strain relief

its intended to terminate the cords of submersible luminaires shall\be provided
pr cord grip fittings suitable for the size of cords involved that.comply with the S

Conduit, Tubing and Cable Fittings, UL 514B.

108 Ratin

108.1 The
luminaires s
and neutral.

109 Marki

109.1 The
Pool and Sp

CONTROL
110 Genel

110.1 The
equipment g

These panels
exposed to staf

S

maximum voltage between conductors on thexload side of the panel for co
hall not be more than 150 Volts where the lightingJoad is connected between one

hgs

nameplate required in 52.1 shallrinclude the phrase: "Industrial Control Panel fo
2" or "Swimming Pool and Spa,Control Panel".

PANELS FOR WATER PARK RIDES AND SIMILAR INSTALLATIONS

al

ssociated'with commercial water park rides, wave pools and similar installations.

ontrol electrical equipment associated with amusement park rides where occupants may become w
hding ‘Water or bodies of water. These panels also control electrical equipment associated with way

vith integral
tandard for

nnection to
pf line leads

- Swimming

be requirements’ cover control panels intended for control of permanently install¢d electrical

et, but are not
e pools where

occupants do ni

110.2

DIJQ&L&MS_QL&XPQS]IFP to the pnlllilnmpnt being cantrolled

Installations of water park rides assume users may be wet but are not immersed in bodies of

water. Users of wave pool installations may be near to, but do not have access to electrical equipment.

110.3 These requirements cover equipment that may have sensors or switches necessary for the
function of the product that are mounted within 5 ft. (1.5 m) of user access.

110.4 These control panels shall comply with the requirements in Sections4— 61 of this standard and
also with the requirements in Sections 110— 114, which supplement or modify the general-use
requirements.
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111

1111

Glossary

LOW VOLTAGE CONTACT LIMIT — A voltage not exceeding the following values:

a) 15 volts (RMS) for sinusoidal ac;

b) 21.2 volts peak for nonsinusoidal ac;

c¢) 30 volts for continuous dc; and

d) 12.4 volts peak for dc that is interrupted at a rate of 10 to 200 Hz.

112 Consfruction

112.1 General

112.1.1  Cpntrol panels for use with water park rides, wave pools and the like shall have np sensors or
other circuifs with live parts in direct contact with the water. This includes sensors for sanitatign chemicals
as well as ghlorine or bromine cells. They are permitted to provide power te'external loads that have such
circuits.

112.1.2 Cpntrol panels for use with wave pools and the like shallyhave no user controls infended to be
mounted within 5 ft. (1.5 m) of the inside walls of a pool.

112.1.3 Cpntrol panels for use with water park rides, wave pools and the like shall havg no integral
ozone gengrators.

112.2 Grdunding of wave pools

112.2.1  The equipment grounding terminal(s) for the controller’s supply circuit and for contrpller outputs
shall accommodate the conductor size fequired by Table 15.1 based upon the size of| overcurrent
protection fpr the circuit, but not smalterthan 12 AWG.

Exception: Dutputs marked foruse with low-voltage luminaires not requiring grounding.

112.2.2 Cpntrollers intended for direct conduit connection to wet-niche or no-niche | underwater
luminaires phall complyswith the Standard for Electric Spas, Equipment Assemblies, and Associated
Equipment,| UL 1563; Supplement SA — Supplemental Requirements for Enclosures jof Products

Constructed for Rirect Conduit Connection to a Wet-Niche or No-Niche Luminaire.

112.3 Sen

112.3.1

ISOFS.

Sensor circuits within 5 ft. (1.5 m) of user access shall operate at a voltage not exceeding the

Low-Voltage Contact Limit and be powered by a transformer or power supply complying with the
requirements for Luminaire Transformers and Power Supplies, Section 112.4.

112.3.2 Sensor circuits outside 5 ft. (1.5 m) of swimmer access shall be suitable for the location. See
Ground-Fault Protection, 112.4.

112.4 Ground- fault protection

112.4.1

A controller with output circuits intended for connection to any of the following types of

equipment shall include ground-fault circuit interrupter (GFCI) protection for the circuit. The GFCI shall


https://ulnorm.com/api/?name=UL 508A 2022.pdf

160

UL 508A

JULY 28, 2022

comply with the requirements for a Class A GFCI in the Standard for Ground-Fault Circuit-Interrupters, UL

943.

a) Pu

mp motors connected to single-phase 120-volt through 240-volt branch circuits;

b) Underwater luminaires; or

c) Se

nsor circuits.

Exception No. 1: Luminaires and sensor circuits operating at the Low Voltage Contact Limit or less and
supplied by a transformer or power supply that complies with 112.5.

Exception No. 2: Output circuits for (a) — (b) when the controllers are marked with the following or
equivalent: |'This controller is not provided with integral GFCI protection for the [ ] gircuit] When this
controller is|used to supply this type of equipment, suitable GFCI protection shall be pfavided fn the field".
The blank shall be filled in with the type of equipment for which the circuits are intended.
112.5 Lunjinaire transformers and power supplies
112.5.1 An integral power source shall comply with:
a) THe Standard for Power Units for Fountain, Swimming Peel;.and Spa Luminaires, UL 379; or
b) The Standard for Low Voltage Transformers — Part3™ Class 2 and Class 3 Transformers, UL
5085-3.
113 Ratings
113.1  The|maximum voltage between conductors on the load side of the panel for connection to
luminaires shall not be more than 150 Volts where the lighting load is connected between one pf line leads
and neutral.
114 Marking
114.1  The|nameplate requirédyin 52.1 shall include the phrase: "Industrial Control Panel for|Water Park
Ride" or "Inqustrial Control Panel for Wave Pool".



https://ulnorm.com/api/?name=UL 508A 2022.pdf

JULY 28, 2022 UL 508A 161

SUPPLEMENT SA - Deleted

On July 28, 2017, and March 19, 2018, a proposal to remove Supplement SA from UL 508A and relocate
the information therein to a UL LLC website achieved and maintained consensus. In accordance with this
decision by STP 508A, the information in Supplement SA may now be found by clicking the link below.
This website will be maintained by UL LLC, any changes or questions about this website should be
directed to the UL Principal Engineer for UL 508A.

www.ul.com/UL508A-SupplementSA
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