Q

UL 508A

STANI

Industi

DARD FOR SAFETY

ial Control Panels



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



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

JULY 28, 2022 - UL508A tr1

UL Standard for Safety for Industrial Control Panels, UL 508A

Third Edition, Dated April 24, 2018
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 load
considered

2.52 WIR
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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

Ly

/\) Class 1
|Control

Power Circuit

S3773

N—eN200J Circuit

Class 2 Control
Circuit

Power Circuit

Classnl
Conftrol
Gircuit

JULY 28, 2022



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

JULY 28, 2022 UL 508A 21

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.
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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



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

JULY 28, 2022 UL 508A 37

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
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