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PART 1 — GENERAL 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 600 volts or less. This equipment is intended for installation in ordinary locations, in
accordance with the National Electrical Code, ANSI/NFPA 70, where the ambient temperature does not

exceed 40°C

(104°F) maximum.

1.2 These requirements also cover industrial control panel enclosures and industrial control panels

intended for
control, servi

of industrial machinery including metalworking machine tools, power press controlsand pl

molding mac

1.3 This equ
controllers,
components
combination
components

1.4 Anindus

heaters, lighfing, and other loads connected to power circuits. Unless specifically noted

diagram of tf
remotely fron
industrial cor

1.5 Anevalu
panel for suf
requirements
piece of utiliz

1.6 The eva
panels are n

1.7 Fire puni

1.8 Equipme

lame safety supervision of combustible fuel type equipment, elevator control, ¢
Ce equipment use, marine use, air conditioning and refrigeration equipment,‘al

hinery.
overload relays, fused disconnect switches, and circuit\breakers, or c
such as pushbuttons, pilot lights, selector switches, (timers, and control
of power and control circuit components, with associated wiring, and termi
are mounted on, or contained within, an enclosure, er@re mounted on a sub-p
trial control panel does not include an evaluation:of the controlled equipment su
e industrial control panel, an industrial control panel does not include equipn
 the panel and connected via a wiring systems or equipment field installed on
trol panel.
ation of the adequacy of the controls and protective devices contained in an ind
ervision and proper functioning~of the controlled loads or equipment is not cd
in this standard. Such evaluations are covered by the standards applicable to
ation equipment.
bt covered by the requirements in this standard.

p controll€rs-are covered by the Standard for Fire Pump Controllers, UL 218.

nt intended for use in hazardous locations, as defined in the National Ele

ANSI/NFPA

rane or hoist
hd for control
hstic injection

ipment consists of assemblies of two or more power circuit éefmponents, siich as motor

bntrol circuit
relays, or a
hals . These
anel.

Ch as motors,
bn the wiring
ent mounted
or within the

ustrial control
vered by the
the complete

uation of a pre-fabticated building, structure, or platforms supplied with inddistrial control

ctrical Code,

70,\afe covered by the Standard for Industrial Control Equipment for Use i

n Hazardous

(Classified) Locations,5t69¢:

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.
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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.

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 circuit breakers and busses for control of electric light and power circuits
or equipment intended for field installation in dead-front switchboards are covered by the Standard for

Switchboards, UL 891.

1.13 Equipm
essential to
Equipment, |

1.14 Control
Spas, Equipr

1.15 Portab
attachment p
television st
Portable Pow

1.16 Equipn
covered by tf
Use With Dis

1.17 Enclost
by the Stand

1.18 Emergq
by the Stand

1.19 Equipm
is covered by

1.20 Control
and intended
Information T]

ent intended to supply automatic illumination, power, or both, to critical areas,a
safety of human life is covered by the Standard for Emergency Lightind
L 924.

nent Assemblies, and Associated Equipment, UL 1563.

e control panels containing switches, overcurrent protestion, and cord ¢
ugs and receptacles for use at carnivals, circuses, fairs,@xhibition halls, motig
dios, theaters, construction sites and similar locations are covered by the
er-Distribution Equipment, UL 1640.

ent for the control of fuel cells, photovoltdic’systems, or utility interactive
e Standard for Inverters, Converters, Contr@llers and Interconnection System B
tributed Energy Resources, UL 1741.

res or pedestals containing terminals-for connection of power circuit conductor
hrd for Termination Boxes, UL 177 3.

ncy alarm equipment or ecehtrol panels containing emergency alarm equipmen
Ard for General-Purpose. Signaling Devices and Systems, UL 2017.

ent for gas or vaper.detection or control panels containing gas or vapor detecti

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

for installation in accordance with Chapter 8 of the NEC, is evaluated to the
echnalogy Equipment, UL 60950.

hd equipment
and Power

equipment for use with swimming pools and spas is covered by.the Standaid for Electric

bnnected via
N picture and
Standard for

systems are
Equipment for

5 are covered

[ are covered

bN equipment

panels containing predominately communication equipment, such as telephome equipment

Standard for

1.21 Control

equipmentintended-foruseimphysicalaccesscontrotsystems,—whichprovice an attended

or unattended means of monitoring or controlling traffic through portals of a protected area for security
purposes; or in key management systems, which regulate or control access to the use of a device by
electrical, electronic or mechanical means, are covered by the Standard for Access Control System Units,
UL 294.
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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

2 Glossary

covered by the Standard for Antitheft Alarms and Devices, UL 1037.

2.1 For the purpose of this standard, the following definitions apply.

2.2 APPLIANCE - A piece of utilization equipment that incorporates both controls and loads.

2.3 BRANCH CIRCUIT — The conductors and components following the last overcurrent protective
device protecting a load.

2.4 BRANC
protect the b
overcurrents

H CIRCUIT PROTECTION — Overcurrent protection with an ampere rating'selg
anch circuit. For a motor branch circuit, the overcurrent protection is required
due to short circuits and faults to ground only, see 2.5 and 2.23 and2.29. For

overload profection, see 2.36.

2.5 BRANC
a safety stan

2.6 CLASS
voltage does

H CIRCUIT PROTECTIVE DEVICE — A fuse or circuit breaker_that has been e
dard for providing overcurrent protection. See 2.22 and 2:29.

1 CIRCUIT — A control circuit on the load side of overcurrent protective deviceg
not exceed 600 volts, and where the power available’is not limited, or control

load side of power limiting supply, such as a transformer.

2.7 CLASS

2.8 CLASS
less) and cun
Class 2 remd

2.9 CLASS

2.10 COM
disconnectin
motor circuit.

2.11 CONT
controller, an
15 amperes.

1 WIRING — Conductors of a Class 1 Circuit:

2 CIRCUIT — A control circuit suppliegdifrom a source having limited voltage (3
rent capacity, such as from the secondary of a Class 2 transformer, and rated
te-control or signaling circuits.

2 WIRING — Conductors of'a Class 2 circuit.

INATION MOTOR GONTROLLER — One or more devices assembled to provig

means, branch git€uit protection, motor control, and motor overload protectio

ROL CIRCUIT — A circuit that carries the electric signals directing the performa

pcted to
or
motor

valuated to
where the

icircuit on the

D Vrms or
for use with

e
n for a single

nce of a

d which does not carry the main power circuit. A control circuit is, in most cases, limited to

AN DAMED

2.12 CONT
devices only

(excluding loads).

1trol circuit

2.13 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.
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2.17 DUTY, INTERMITTENT — Operation for alternate intervals of (1) load and no load; or (2) load and

rest; or (3) lo

ad, no load, and rest.

2.18 ENCLOSED INDUSTRIAL CONTROL PANEL — An industrial control panel provided with an
enclosure at the factory.

2.19 FEEDER CIRCUIT - The conductors and circuitry on the supply side of the branch circuit
overcurrent protective device.

2.20 FIELD INSTALLED EQUIPMENT - Devices to be installed after an industrial control panel is

built/labeled.

2.21 FIELD
source(s) of

2.22 FIELD
wiring.

2.23 FUSE,
are able to p

2.24 FUSE,
These fuses
equipment as

2.25 FUSE,
are able to p

2.26 GENE
intended to @

a) A
devid

b) W
c) W

2.27 HEATH
current elem

WIRING — Conductors to be Installed by others to connect the industrial contr
supply, remote control devices, and loads.

BRANCH CIRCUIT TYPE — A fuse of Class CC, CF, G, H, 3 K, L, R, and T.
Fovide branch circuit protection.

SEMICONDUCTOR TYPE - A fuse designed for the protection of semicondu
are able to provide branch circuit protection of metor.Circuits containing power
in 31.1.3.

SUPPLEMENTARY TYPE — Miscellaneou$’type and miniature type fuses. Th
fovide supplementary protection only.

RAL-USE RATING — A rating, expressed in volts and amperes, assigned to a
ontrol:

load with a continuous orlifirush ampere rating not exceeding the ampere rati
€,

hen ac rated, a lead*that has a power factor of 0.75 to 0.80 (inductive); and
hen dc ratedyaload that is resistive (noninductive).

FR TABLE — Table supplied by the manufacturer of an overload relay having r
bnts that provides additional instructions as to the proper installation.

A -AL

bl panel to

WIRING TERMINAL — A terminal provided in an industrial control panel‘to terminate field

These fuses

ctor devices.
conversion

bse fuses

Hevice that is

ng of the

pplaceable

2.28

AL ORI SN AR oy o A o] [ Lol 4
INDU\._ I'RTAL CUNTRUL FPANECL FUR GEINERAL UoLE = A LUTNMTUT Pgdaiict 1meriiacu tu

be installed

in accordance with the general use requirements in Chapter 4 of the National Electrical Code, ANSI/

NFPA 70.

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 motor branch
circuit protection when evaluated as a part of a combination motor controller as in 31.1.1.

2.30

INVERSE-TIME CIRCUIT BREAKER — A circuit breaker in which a delay is introduced into the

tripping action of the circuit breaker. The delay decreases as the magnitude of the current increases.

These circuit

breakers are able to provide branch circut protection.
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ISOLATED SECONDARY CIRCUIT — A circuit derived from an isolating source (such as a

transformer, optical isolator, limiting impedance, or electro-mechanical relay) and having no direct
connection back to the primary circuit (other than through the grounding means). A secondary circuit
that has a direct connection back to the primary circuit is evaluated as part of the primary circuit.

2.32 LOAD - A device external to the industrial control panel that is connected to the power circuit.

2.33 LOW-VOLTAGE LIMITED ENERGY CIRCUIT — A control circuit involving a peak open-circuit
potential of not more than 42.4 volts (dc or peak) supplied by a primary battery or by an isolated
secondary circuit, and where the current capacity is limited by an overcurrent device, such as a fuse, or
by the inherent capacity of the secondary transformer or power supply, or a combination of a secondary
winding and an impedance. A circuit derived from a line-voltage circuit by connecting a resistance in

series with th

energy circuif.

2.34 SELF-
motor contro

2.35 MOTO

2.36 OPEN
field wiring tq
enclosure is

2.37 OVER
it exceeds a
a condition w
circuits and f

2.38 OVER
excessive he

2.39 PILOT
relay or switd

2.40 POWE

2.41 SELF-
that contains
and remotely
correct selec

e supply circuit to limit the voltage and current Is not identifled as a low-voltag

PROTECTED COMBINATION MOTOR CONTROLLER — A self-protected com
ler that is operable only by manual means.

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

INDUSTRIAL CONTROL PANEL — An industrial control(@anel that includes in
rminals, and components mounted on a subpanel without a complete enclosu
ntended to be supplied/completed at the installation:

predetermined value. The ampere rating ofhe device is selected for a circuit 1
here the current exceeds the rating of conductors and equipment due to overl
hults to ground.

| OAD PROTECTION - Protection required for motor circuits that will operate t
ating due to running overloads and failure to start.

DUTY RATING — A rating assigned to a relay or switch that controls the coil g
h.

R CIRCUIT — €onductors and components of branch and feeder circuits.

PROTECTED COMBINATION MOTOR CONTROLLER — A combination motor
coordinated overload and short circuit protection, and also provides disconned
-opefable motor controller. Coordinated protection is able to be inherent or obt
iomyof components or accessory parts in accordance with the manufacturer’s i

e limited

bination

ernal wiring,
e. The

CURRENT PROTECTION — A device designed’to open a circuit when the curilent through

0 terminate
bads, short

0 prohibit

f another

controller

ting means

ained by
nstructions.

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.

2.43 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 exceeding
the defined acceptance criteria.

2.44 SUPPLEMENTARY PROTECTION — A device intended to provide additional protection
subsequent to branch circuit protection. They have not been evaluated for providing branch circuit

protection.
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2.45 SUPPLEMENTARY PROTECTOR — A manually resettable device designed to open the circuit
automatically on a predetermined value of time versus current or voltage within an appliance 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 protection only.

2.46 TUNGSTEN RATING — A rating assigned to devices intended to control incandescent lamp loads.

2.47 WIRE BENDING SPACE — The amount of space required between a field wiring terminal and an

enclosure wall directly opposite the terminal, to provide enough space for field wiring conductors.

3 Undated References

3.1 Any und
interpreted a

4 Componer
4.1 Except 9

requirements
products cov

hted reference to a code or standard appearing In the requirements of this stan
5 referring to the latest edition of that code or standard.

ts
s indicated in 4.2, a component of a product covered by this standard shall co

for that component. See Appendix A for a list of standards covering componen
bred by this standard.

dard shall be

mply with the
s used in the

4.2 A compgnent is not required to comply with a specific requiretaent that:
a) Involves a feature or characteristic not required ifxthe application of the compongnt in the
prodlict covered by this standard, or
b) 19 superseded by a requirement in this standard.
4.3 A compgnent shall be used in accordance With its rating established for the intended |conditions of
use.
4.4 Specific pomponents are incompletelin construction features or restricted in performancé¢ capabilities.
Such compopents are intended for Usé only under limited conditions, such as certain temperatures not

exceeding sq

4.5 A compd

ecified limits, and shall-be used only under those specific conditions. See SA2

nent that complies with the requirements of Appendix B is able to be used

covered by this standard.

.1 — SA2.5.

in a product
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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 the purpose of this standard, the terms illustrated in Figures 6.1, 6.2, and 6.3 shall apply.
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Figure 6.1

Description of terminology

T
Z | T | AU 20 <
N | ) \.O.O.Q/\.OJLQ.J/Q EEPYYW Vg

[\
»

19—

S3772

1 Load (proyided in fieldh

2 Field wiring terminals

17—\ oAl

18—
e

14 Control transformer ground (for 1000 VA may control
transformer)
15 Control circuit devices and wiring/Class 1 cir¢uit/isolated
secondary circuit

3 Alternate frefdtermimats

4 Field wiring

5 Power circuit internal wiring

6 Overload relay & heater elements

7 Contactor/Controller

8 Starter

9 Combination motor controller

10 Branch circuit protection

11 Fused disconnect switch or circuit breaker
12 Control transformer

13 Control transformer fuse/supplementary protection

16-Soterord-or other comntrot device = provided m field
17 Supplementary protection

18 Class 2 transformer

19 Class 2 circuit

20 Power transformer fuse/branch circuit protection

21 Power transformer — for motor load and control circuit
22 Control circuit/Class 1 circuit/common control circuit
23 Equipment ground and equipment ground terminal
24 Bonding conductor/bonding jumper

25 Grounding electrode conductor terminal

26 Grounding electrode conductor (provided in field)
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Figure 6.2
Description of control circuits and power circuits

S
T {\) Class 1:
Control

A, aserane) Gt : Class 1

Control

N — 000000 ——— Ciccuit

| |
Power Circuit I Ig_‘ I RPower Circuit
| |

Class 2 Control
S3773 Circuit

Figure 6.3
Description of branch circuits and feeder circuits

Feeder Circuit

SO

Circuit

#1 # 2
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CONSTRUCTION

ALL PANELS

7 General

7.1 An industrial control panel shall:

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

b) Employ materials and components that are determined to be usable in the application.

8 Protection

8.1 Iron and
equivalent m

Exception:

a) B
protg

b) S
are 1
live [

c) P

Against Corrosion

bans. This applies to all springs and other parts required for propef{mechanica

[his requirement does not apply to:

ction is impracticable;

mall parts of iron or steel, such as washers, screws, bolts, or similar parts, wh
ot current carrying or relied upon to support @r.maintain the relative position o
arts or components; and

arts made of stainless steel.

9 Support apd Securement of Live Parts

9.1 Provisionps shall be made for securely mounting components to a supporting surface. A

or other part
supporting sy

9.2 A live sc
means of a g
that complieq
in Section 10

9.3 An uning

Lised to secure a part oflaicomponent shall not also be used to secure the com
rface.

fewhead or nut'on-the underside of an insulating base shall be prohibited from

with Seetion 12, Insulating Barriers, or by through air and over surface spaci
, Spacifgs.

ulated live part, including a terminal, or a component with uninsulated live g

steel parts shall be protected against corrosion by enameling galvanizing, plgting, or other

| operation.

parings, thermal elements, sliding surfaces of a hinge,, shaft, or similar part, where such

bn the parts
f uninsulated

\ bolt, screw,
ponent to the

loosening by

tar or lock washer and shall be insulated from the mounting surface by an insulating barrier

ngs specified

arts shall be

secured to itS—supporting—surface by e methodother-thamfriction—so—that-itisprotibited—from turning or
shifting in position. Turning or shifting of a live part is able to be prohibited by the use of:

a) Two or more screws or rivets securing the component or part to the mounting surface;

b) Non-circular shoulders or mortises that abuts an adjacent part or mechanical stop member

such

as a mounting rail;

c) Non-circular shoulders or mortises that fit through an opening of the same shape cut into the
mounting surface for a panel-mounted component or part;

Nd TT:S - #T0Z/T2/T : 9TZ6T NOILYWOLNY TT1AMMD0H Ad 8sn 104 Ajsjemoy [ned Ag papeojumoq se iuswnooq


https://ulnorm.com/api/?name=UL 508A 2014.pdf

20

INDUSTRIAL CONTROL PANELS - UL 508A

DECEMBER 25, 2013

d) A dowel, pin, lug, or offset that mates with a hole, recess or offset in the mounting surface;

or

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

9.4 For a live part or a component with uninsulated live parts that are secured by means other than as
in 9.3, the part or component shall comply with the following:

a) The mounting screw or nut, when provided, is loosened (one component or part at a time) to
allow movement;

b) Is subjected to typical operation of the device, such as switch operation, relamping operation

or fuge replacement operation, or rotated to the extent limited by the mounting scre

mearts; and

c) A
redu

10 Spacings

10.1 Other than as required by 9.2, 9.4, 10.8, 12.1, 13.2, exception to 21.3.4, 28.2.1(
3.6, 29.3.8, and 36.2.2, spacings at and within a.component or device shall bg

29.2.2(a), 29
based on theg

10.2 Spacings between uninsulated live parts of adjacent;,components, between uninsulate

5 a result of (a) and (b), the spacings between the uninsulated live pasts“shall
ted below the requirements in Section 10, Spacings, and the internab wiring sh
daméaged or strain transmitted to the terminals due to operation or rotation.

requirements for that component or device.

W or other

hot be

all not be

h), 28.2.2(a),

investigated

i live parts of

components pnd grounded or accessible dead-metal parts, between uninsulated live parts of components
and the enclpsure, and at field wiring terminals, shall be maintained as shown in Table 1J.1 and Table
10.2.
Table 10.1
Minimum required-spacings in branch and control circuits
Potential {nvolved in volts rms Minimum spacing, inch (mm)
ac or dc
A B C
General industrial control Devices having All
equipment limited ratings 2 circuits d
51 - 150 151 - |301-600| 51 — 300 301 - 0-50
300 600
Between apy uninsulated live part | Through air | 1/8° (3.2) | 1/4 (6.4) | 3/8 (9.5) 1/16P 3/16°  ||1/16° (1.6)
and an uninsulated Tive part of or ol T6) 4.8)
opposite polarity, uninsulated Over 1/4 (6.4) | 3/8 (9.5) | 1/2 (12.7) | 1/8P (3.2) | 3/8 (9.5) | 1/16P (1.6)
grounded part other than the surface
enclosure, or exposed metal part"9
Between any uninsulated live part Shortest | 1/2 (12.7) | 1/2 (12.7) | 1/2 (12.7) | 1/4 (6.4) 1/2 1/4 (6.4)
and the walls of a metal enclosure distance (12.7)
including fittings for conduit or
armored cable®®
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.

Table'10.1'Continued on Next-Page
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Table 10.1 Continued

Potential involved in volts rms Minimum spacing, inch (mm)
ac or dc
A B C
General industrial control Devices having All
equipment limited ratings 2 circuits 9
51 — 150 151 - |[301-600| 51 — 300 301 - 0-50
300 600

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 spac|ng between field wiring terminals of opposite polarity and the spacing between a field wiring termiral and a
grounded dead metal part shall be at least 1/4 inch (6.4 mm) when short-circuiting or grounding of suchiterm|nals
results fronp projecting strands of wire. For circuits involving no potential greater than 50 volts rms ag,erdc, gpacings at
field wiring fterminals are able to be 1/8 inch (3.2 mm) through air and 1/4 inch (6.4 mm) over surface,
¢ For the plirpose of this requirement, a metal piece or component attached or mounted to thecen€losure is ejaluated
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.

d Spacings|do not apply within a low-voltage limited energy circuit or a Class 2 circuit.
€ Applicablg¢ to devices with sheet metal enclosures regardless of wall thickness arid cast metal enclosures wjith a wall
thickness df less than 1/8 inch (3.2 mm).
f These sp4cings are also applicable between any uninsulated live parts angd-thie walls of a cast metal enclosfire with a
wall thickngss of minimum 1/8 inch (3.2 mm) for devices with a limited rating.complying with 10.5.
9 These sphpcings are also applicable between an insulated live part ad, the wall of a metal enclosure to whi¢h the
component{is mounted. Deformation of the enclosure shall not reduce ‘spacings.

Tablex10:2
Spacings in_feeder circuit

Voltagqg involved Minimum spacing, inch (mm)
Between livé parts of opposite polarity Between live parfs and
Through_air Over surface grounded mefal parts,
through air gnd over
surfage
125|or less 1/2 (12.7) 3/4 (19.1) 1/2 (12.7)
12d - 250 3/4 (19.1) 1-1/4 (31.8) 1/2 (12.7)
251 - 600 1 (25.4) 2 (50.8) 12 (254)2

NOTE - An igolated dead metal part, such as a screw head or a washer, interposed between uninsulated partg of opposite
polarity or befjween an ufinsulated live part and grounded dead metal is evaluated as reducing the spacing by an amount
equal to the dimensian,of/the interposed part along the path of measurement.
@ The througt-air spacing shall not be less than 1/2 inch between live parts of a circuit breaker or fusible discorjnecting
means and gfounded metal, and between grounded metal and the neutral of an industrial control panel rated 2¥7/480 volt,
3-phase, 4-wike

10.3 Spacings between isolated circuits at different potentials shall be in accordance with those required
for the higher potential circuit.

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.
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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 current 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 spacings between live parts and metal parts that are intended to be grounded, such as the

heads of mo
within an end

10.7 For an
specified in 1
location inten
full-scale dral

10.8 The sp

a) A
protg

b) A
comy]

11 Conduit H

11.1 Anencl
for proper s¢g
having dimer
and the bus
spacings shd
marked to sp

Linting screws that pass through an insulating panel, shall be evaluated as gr
losure.

enclosed panel without conduit openings or knockouts, spacings notdess than
1.1 shall be provided between uninsulated live parts and a conduitdbushing in
ded to be used during installation. A permanent marking on theenclosure, a t
ving furnished with the equipment is able to be used to identify,such locations

hcings for a discrete fuseholder shall be as follows:

fuseholder used for fuses providing required branch.circuit protection or feede)
ction shall comply with the spacings specified ifncolumn A of Table 10.1;

fuseholder used for fuses providing supplementary protection within the branc
ly with the spacings specified in Table 1Qx1.

Bushings

osure with openings for wiring systems, where provided, shall have a flat surrou
ating of a conduit bushing.\Each opening shall be so located that installation

hing of less than the minimum requirement. When multiple size knockouts
Il be determined~using the largest bushing size accommodated unless the
ecify maximum usable size.

bunded parts

the minimum
stalled at any
emplate, or a
as in 53.6.

I circuit

h circuit shall

nding surface
of a bushing

sions as specified in Table 11.1 does not result in spacings between uninsuldted live parts

hre provided,
equipment is
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Table 11.1
Dimensions of bushings

Trade size of conduit, Bushing dimensions, inches (mm)
inches . .
Overall diameter Height
12 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)
2-1/2 3-7132 (81.9) 374 19.1)
3 3-7/8 (98.4) 13/16 20.6)
3-1/2 4-7/16 (112.7) 15/16 23.8)
4 4-31/32 (126.2) 1 25.4)
4-1/2 5-35/64 (140.7) 1-1/16 27.0)
5 6-7/32 (158.0) 1-3/16 30.2)
6 7-7/32 (183.4) 1-1/4 31.8)
12 Insulatind Barriers
12.1 When gn insulating material is used as a barrier in order to,egmply with the required oVer surface or

through air s
over the surf

12.2 Insulati

a) T

b) T

c) T
live ¢

Exception:

bacings, or both, the required spacings in Sectien 10, Spacings, shall be appli
hce of the insulator and through air to the edges of the insulator.

ng material used as specified in 12.1 shalkcomply with the following requireme
ne material shall be:

1) An insulating material. described in Table 12.1; or

2) Tubing or sleeving complying with 29.2.3 and rated for the voltage invol
ne material is abledo'be in direct contact with uninsulated live parts; and

ne material dees’not serve to physically support or maintain the position of an
art.

A\ material that does not comply with 12.2 shall be investigated as an insula

accordance lr/ith the requirements in the Standard for Industrial Control Equipment, UL 508

ed by tracing

nts:

ed;

Lininsulated

ing barrier in
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Table 12.1
Generic materials for use as barriers
Generic material Minimum thickness
inches (mm)
Aramid Paper 0.010 (0.25)
Electrical Grade Paper 0.028 (0.71)
Epoxy 0.028 (0.71)
Mica 0.006 (0.15)
Mylar (PETP) 0.007 (0.18)
RTV 0.028 (0.72)
Silicone Rul;rer 0.028 (0.71)
Vulcanized Hiber 0.028 (0.71)
13 Insulating Materials
13.1 An insylating material that is used for the direct support of an uninsulated live paft, such as a
standoff or insulating base for a bus bar, current shunt, or terminal, shall.comply with 13.2.|A material is
in direct support of an uninsulated live part when:
a) lIt|is in direct physical contact with the uninsulated live_part; and
b) It|serves to physically support or maintain the relative position of the uninsulated live part.

Exception:
circuit or a g

13.2 Insulati

Exception:

accordance With the requireients in the Standard for Industrial Control Equipment, UL 508

A material in direct contact only with uninsalated live parts of a low-voltage |
lass 2 circuit is not required to comply with*13.1.

ng material used as specified in 13;4%shall comply with the following requireme
ne material shall be an insulating material described in Table 13.1; and

e dimensions of the insulating material shall comply with the required spacing
pacings.

imited energy

nts:

s of Section

A material that,does not comply with 13.2 shall be investigated as an insulatifg material in
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Table 13.1
Generic materials for direct support of uninsulated live parts

Generic material Minimum thickness
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 poly¢arbonate 0.028 (0.71)

Urea formaldehyde 0.028 (0.71)

Ceramic, pofcelain, and slate no limit neylimit

Beryllium oxide no limit no fimit
14 Grounding — General
14.1 An inddstrial control panel shall have provision for grounding all nohcurrent 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, ¢

14.2 An indt

r electrical disturbance.

strial control panel shall be provided with a.field wiring terminal for the con

equipment gfounding conductor. The terminal shall comply with:

a) T
Wirin
b) T
14.3 The ed
enclosure, ol

internal bond

14.4 An indd
supply shall

a) C

ne component requirements of a field-wiring terminal in accordance with Sectig
g; or

e requirements in the Standard-for Grounding and Bonding Equipment, UL 44
uipment grounding terfninal shall have electrical continuity with all metal
subpanel for open type equipment, by means of metal-to-metal contact or by

ing conductor that&emplies with 15.2.

strial controlypanel that is not intended to be permanently connected to the b
be provided With a flexible cord that:

pmplies-with 28.5;

hection of an
n 28, Field
7.

parts of the

means of an

Lilding power

b) C

conduetar that ic cannactad 0
SORaHEtE FH tee—t6

attachment

plug;

ot o cotrmrre et

and

c) Has the grounding conductor connected to the enclosure as in 14.1 and 14.2 and terminated
with wiring methods described in 29.3.1 — 29.3.8.
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15 Grounding — Size of Terminal or Bonding Conductor

15.1 A field wiring terminal for connection of an equipment grounding conductor shall accommodate the
conductor size required by Table 15.1 based upon the overcurrent protection provided for field wiring
conductors supplying panel that is:

a) The rating of the branch circuit protection marked on the industrial control panel, or wiring
diagram, or as calculated from the requirements in Section 31, Branch Circuit Protection, when
branch circuit protection is not provided in the panel; or

b) An ampere rating equal to the ampacity of the anticipated field wiring size calculated from
Section 28, Field Wiring, when the branch circuit and/or feeder protection is provided in the

pane].
Exception: The terminal for the equipment grounding conductor is not required to retain-a wiye larger than
the field wiring conductors supplying the panel.
Table 15.1
Size of equipment grounding conductor terminal
Maximum ampere Size of equipment grounding or bonding cenductor, minimum
rating of overfurrent ]
protection fof field Copper Aluminum
wiring condyctors AWG or kemil (mm 2 AWG or kemil (mm 2
supplying parel, see
15.1
15 14 2.1 12 (3.3)
20 12 (89) 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) 1/0 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 (Lo7.2)
1200 3/0 (85.0) 250 kemil 127)
1600 4/0 (107.2) 350 177)
200 250 kemil {27 400 203)
2500 350 @77) 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 size of an internal bonding 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 smaller.
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16 Transformer and Power Supply Secondary 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) W
grou
exce

c) W
wye

d) W
phas

16.2 For a t
secondary ¢
grounding el
75.1.4, base
required grou
be provided i

Exception N
control circui
Jjumper shall
required to b

Exception N
control pane
is able to b
grounding el

16.3 When

hen the secondary voltage I1s 50 volts or greater and the secondary circuit IS_g
hded so that the maximum voltage to ground on the ungrounded conductors'd
bd 150 volts;

hen the secondary is a 3-phase, 4-wire, wye connected in which the tenter pg
s used as a circuit conductor; or

hen the secondary is a 3-phase, 4-wire, delta connected in*which the midpoin
e winding is used as a circuit conductor.

ransformer or power supply that is required to he) grounded in accordance V
rcuit shall be factory connected by a systemihonding jumper to the enclo
pctrode conductor terminal. The size of the system bonding jumper shall be a
0 on the secondary rating. A grounding €lectrode conductor terminal sized
nding electrode conductor in accordance.with 75.1.4, based on the secondar
N the enclosure containing the transforyer or power supply and marked as spec

p. 1: When the transformer is_rated not more than 1000 volt-amperes and

s, the grounding electrode canductor terminal is able to be omitted and the sy
not be smaller than a 14:AWG (2.1 mm?) copper conductor. The jumper is

p larger than the phase'conductors connected to the transformer secondary.

D. 2: Where multipfe® separately derived systems are provided within the sa
enclosure, a sifigle grounding electrode conductor terminal suitable for a 3/0 AY
b supplied inwthe industrial control panel as the field wiring connection for
pctrode candctor.

components marked with a slash voltage rating, such as 120/240V, 48

600Y/347V,

ble to be
bes not

int of the

of one

vith 16.1, the
sure and the
5 specified in
to retain the

rating, shall
fied in 54.10.

supplies only
5tem bonding
hot otherwise

ime industrial
VG conductor
the common

0Y/277V, or
he secondary

re‘provided on the secondary side of a power transformer or power supply, t
shall be groutdﬁwhﬁ@ﬁt@mﬁmﬁﬁﬁwﬁﬁﬁmﬁﬂw

circuit, and 16.2.

re secondary

16.4 For a power circuit or control circuit supplied from a secondary circuit voltage that is not required to
be grounded as in 16.1 and is rated 100 V or more, the secondary circuit shall be provided with monitoring
devices to provide 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. For a monitoring device that does not interrupt

the circuit, a

ground fault shall not result in the bypassing of safety shutdown devices.
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Exception: A control circuit supplied from a control transformer or power supply with secondary circuit
voltage rated 100 V or more that has no provisions for field wiring connections is not required to comply
with 16.4.

16.5 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 comply with 29.3.13.

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-
conductor no

17.3 Insulate
one or more

Exception N
other than a
wrapped aro

Exception N¢

Exception Ni
identified at ¢

17.4 Insulate
circuit contai
Grounding, s

binding screw terminal intended for connection of a field-installed equipme
t larger than 10 AWG (5.3 mm?) shall be colored green or marked in accerdar

d grounding and bonding conductors shall be identified by the color'green w
yellow stripes and no other conductor shall be so identified.

. 1: Insulated conductors sized 4 AWG (21.2 mm?) or larger and having insu
5 in 17.3 shall be identified at each termination point by a green marking,
ind the conductor.

. 2: Integral leads of components are not requited'to meet this requirement,

D. 3: Insulated conductors that are not manufactured in this color, such as
bach termination point by a green marking, such as tape wrapped around the ¢

d grounded circuit conductors confiected to the grounded side of a transform
hing field wiring terminals as_iny Section 16, Transformer and Power Supp
hall be identified by the color.white or gray or by three continuous white stripes

green insulajon along its entire length.

Exception N{
other than a
wrapped aro

Exception Ng

Exception Ni
identified at ¢

. 1: Insulated conductors sized 4 AWG (21.2 mm?) or larger and having insu
5 in 17.4 shall be.identified at each termination point by a white marking,
ind the conductor:

. 2: Integral’leads of components are not required to meet this requirement.

D. 3:%Insulated conductors that are not manufactured in this color, such as

nt grounding
ce with 54.5.

th or without

ation colored
such as tape

SIS, shall be
onductor.

er secondary
y Secondary
pn other than

ation colored

such as tape

SIS, shall be
pnductor.

bach \termination point by a white marking, such as tape wrapped around the ¢

Exception No. 4: Insulated conductors of a multi-conductor cable colored other than as in 17.4 shall be
identified at each termination point by a white marking, such as tape wrapped around the conductor.

17.5 Where more than one grounded circuit conductor is identified within an industrial control panel, each
grounded circuit conductor shall be:

a) ldentified by:

1) A means that complies with 17.4; or
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2) An outer covering of white or gray with a colored stripe other than green running

along the length of the insulation; and

b) Identified by means in (a) that is different than the grounded circuit conductors of another
system and no other conductors in the industrial control panel shall be so identified.

17.6 A grounded circuit conductor of a flexible cord shall be identified by one of the following means:

a) A

b) A

white or gray outer finish;

braid with an outer finish colored white or gray; or

c) A
cord

ENCLOSED

white or gray tracer woven Into the braid of contrasting color and no other corj
having a tracer.

PANELS

18 Enclosurgs

18.1 An ope
shall comply
control panel
Sections 18 -
18.2 Two or
together in th
an enclosed
accordance

18.3 An enc
comply with:

a) T
b) T
18.4 A door
a) P

b) C

N industrial control panel intended to be installed completely~within an enclosu
with the requirements in Sections 7 — 17 and Sections 28(561. Portions of an o
that serve to complete an ultimate enclosure after installation shall additionally
- 27 and 62 — 64.

more open type industrial control panels havihg.partial enclosures intended to &
e field in order to form a completely encloséd industrial control panel shall be
device and comply with Sections 18 *.27. Each open type section shall |
vith 53.4.

osed industrial control panel shall comply with Sections 18 — 27 and the er

e requirements in the Standard for Enclosures for Electrical Equipment, UL 5
ne industrial contrel\panel enclosure requirements in Sections 62 — 64.

shall be provided on an enclosure that contains:

bwer cifcuit fuses;

rcuitbreakers located within power circuits which require renewal or resetting

ductor in the

re in the field
pen industrial
comply with

e assembled
evaluated as
e marked in

closure shall

D; or

from inside

the

1
ncrosure;

c) Motor overload protective devices which require renewal or resetting from inside the
enclosure; or

d) Devices, such as timers or chart recorders, for which servicing or resetting is required.

Exception: A door is not required for an enclosure:

a) To which access is required only in the event of a burnout of a current element or similar
component on short circuit;
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b) In which the only fuse enclosed is a control-circuit fuse, when the fuse and control-circuit
load are within the same enclosure; or

c) In which a means is provided for resetting all overload-protective devices from outside the
enclosure.

d) When the removable cover is flanged and is interlocked with the external operating handle of
the disconnecting means so that power is removed from all components in the enclosure before
the cover can be removed in order to replace fuses or to reset overload protective devices.

18.5 The enclosure shall be constructed so that all doors are able to be opened to a minimum of 90
degrees from the closed position.

19 Enclosurg¢ Openings

19.1 All opehings 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 enclosurgs other than Type 1, as noted in column 1 of Table 19.1, the cenduit openingds and fittings
shall additiorfally 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, UL 50, qorresponding
to the required enclosure type rating.

Table 19.1
Openings for conduit connections in enclosures with_environmental rating other than Type 1
Enclosure type Required construction
(Column 1) (Column 2)
2, 3R, 3RX a) All holes for conduit shall be below all uninsuljated live
parts; or

b) Conduit openings above the lowest uninsulat¢d live parts
shall be provided with conduit fittings having an
environmental rating that complies with Table 19.2; or
c) The enclosure shall be marked as in 53.2 with
instructions for the installer to apply fittings complying with
(a) or (b).
3, 3S, 3SX,|3X, 4, 4X, 5, 12,12K d) All holes for conduit shall be provided with cgnduit
fittings having an environmental rating that complies with
Table 19.2 or as specified by the enclosure marjufacturer;
or
e) The enclosure shall be marked as in 53.3 with

instructions-to-apnly fittinas comulvina with (d)
L P ) LAk~ 7

6, 6P f) All holes for conduit shall be provided with conduit fittings
having an environmental 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 wireway. When
provided, wireway shall comply with the Standard for Wireways, Auxiliary Gutters, and Associated Fittings,
UL 870.
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19.3 Openings provided in enclosures for mounting components shall be covered with components
intended for such mounting. For an enclosure type specified in column 1 of Table 19.2, openings provided
for components, including ventilation openings, or observation windows, shall be closed with components
that have been evaluated for one of the enclosure Types in column 2 of Table 19.2.

Exception: A component that does not comply with Table 19.2 is able to be evaluated to the performance

requirements in the Standard for Enclosures for Electrical Equipment, UL 50, corresponding to the

required enclosure type rating.

Table 19.2

Openings for components in enclosures with environmental rating other than Type 1

Enclosure type

Openings are able to be closed by equipment marked

(Column 1) (Column 2)
2a 2, 3, 3R, 3RX, 3S, 38X, 3X, 4, 4X, 5, 6, 6P, 12, 12K, 13, "Wet|ocatiop", or
"Raintight”
3 3, 3S, 3SX, 3X, 4, 4X, 6, 6P
3RP 3, 3R, 3RX, 3S, 3SX, 3X, 4, 4X, 6, 6P, "Wet Location or "Raintight”
3RX 3RX, 3SX, 3X, 4X
3s¢ 3, 3S, 38X, 3X, 4, 4X, 6, 6P
3SX¢ 38X, 3X, 4X
3X 3SX, 3X, 4X
4 4, 4X, 6, 6P
4X 4X
5 3, 3R, 3RX, 3S, 3SX, 3X, 4, 4X, 5, 6, 6P, 12, 12K, 13, "Wet Location,"|or
"Raintight”
6 6, 6P
6P 6P
12, 12K 12, 12K, 13
13 13
a Type|1 components, ventilation openings,.or observation windows are able to be installed when their profile
outsidg the enclosure is completely protected by the drip shield from water dripping vertically downward ffom
above.
b Components marked "Weathefproof” or "Rainproof” are able to be installed below all other live parts within
the endlosure.
¢ Components with exterral operating mechanisms shall be Type 3S or 3SX for use on a Type 3S enclogure, or
Type 3BX for use on atlype 3SX enclosure.
19.4 An enclosure as specified in column 1 of Table 19.3, provided with conduit fittings that do not comply
with Table 19.1 orsecomponents that do not comply with Table 19.2 as specified in column 2 pf Table 19.3

shall be marl

edhas in 53.1 with an environmental rating:

a) As specified in column 3 of Table 19.3; or

b) As a Type 1 enclosure.
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Table 19.3
Alternate enclosure ratings

Enclosure type (including Component/fittings ratings that do Resulting enclosure rating
components and fittings that comply not comply with Tables 19.1/19.2
with Tables 19.1/19.2)
(Column 1) (Column 2) (Column 3)
3, 3RX, 3S, 3SX, 3X,4, 4X, 6, 6P 3R, "Wet Location”, "Raintight”, 3Rabc
"Weatherproof”¢, "Rainproof”©

4X 3RX, 3SX, 3X 3RXxa b

4, 4X, 6, 6P 3,3S 3b

4x 3X, 3SX 3xP

6, 6P 4, 4X 4

6P 6 6

13 12, 12K 12

12, 12K, 13 3, 3S, 4, 4X, 5, 6, 6P, "Wet Location", 5b

"Raintight”

a8 When a drdin is added.

b When provjsion is made for locking the door (such as loop for padlock, key-locking type“handle or latch) or tqols are

required to gpen the enclosure.

¢ Componenfs marked "Weatherproof” or "Rainproof” shall be installed below all other live parts within the endosure.

Openings foll conduit or conduit fittings shall comply with note a, b, or c in Table19.1 for type 3R enclosures.
19.5 No covgring is required across the bottom of a floor-maunting enclosure when the lowgr 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 inchep above the highest portion of the lower edge of the enclosure.
20 Accessibllity of Live Parts

20.1 The mipimum distance specified in Tablg\20.1 shall be provided between an opening in

hinsulated live parts of components inside of the enclosure where the circuit v

greater than 30 V ac or 42.4.V dc; and

and:
a) U
b) M
meas
parts
Exception:

oving parts of gomponents inside of the enclosure, such as a fan blade. The d
ured in a straight line from any point around the edge of the openeing to unin
or movingyparts.

\ construction as described in 19.5 is not required to comply with this requiren

an enclosure

bltage is

istance is
sulated live

ent.
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Table 20.1
Minimum distance from an opening to a part involving risk of electric shock or personal injury

Minor dimension of opening 2

Minimum distance from opening to uninsulated live part

or moving part

inches (mm) inches (mm)
Less than 1/8 (Less than 3.18) 1/2 (12.7)
1/2 (12.7) 4 (101.6)
1b (25.4) 6-1/2° (165.0)
1-1/2P (38.1) 8-3/8P (212.7)
2b (50.8) 11-5/8P (295.3)
over 2 and nOTTIOTE Tham 3* [ (OVer 50.8 and NoT TToTe Than 30P 762)0)
76.2)

b Interpolatior
specified in tl

mm) table values

Required distince = 4 inches + (3/4 - 1/2) x (6-1/2 - 4) / (1 - 1/2) = 5.25 inches

@ The minor dimension of an opening is the diameter of the largest cylindrical probe having a hemispherical tip
to be inserteq through the opening. The opening is evaluated without removable filters.
shall be used to determine intermediate distances between the table requirement @hd the previo
is table. Where the intermediate distance = (distance for previous entry) + (difference between int
minor dimengion and minor dimension of previous entry) x (difference between required distanee and distance

entry) / (diffefence between required minor dimension and minor dimension of previous éntry).

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

that is able

Is entry
ermediate
f previous

21 Ventilation Openings

21.1 Generq]

21.1.1 A vertilation opening provided in an enclosure shall comply with the construction re
21.3.1 - 21.35, and shall be evaluated as a Type.* component with respect to 19.3. A ventil

that is an infegral part of an enclosure or_an accessory kit for an enclosure that compl

complies with

Exception:

21.3.1 -21.35.

A\ ventilation opening for'use in an enclosure with a Type 2 or 3R enclosure shal

to the perfomance requirements_in 6.3, Sections 15, 15A, 15B, and Sections 30, 31, ]
Standard for|Enclosures for Electrical Equipment, UL 50, for the environmental rating.

21.1.2 The

comply with

Ipcation of a ‘ventilation opening with respect to components inside of the er
p1.2.1 — 2D.2:4.

Juirements in
ation opening
es with 18.3

be evaluated
B8, 39 of the

closure shall
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21.2 Location of ventilation opening

21.2.1 A ventilation opening in the top of the enclosure shall be covered by a hood or protective shield
spaced above the opening when there are uninsulated live components below the opening.

Exception: A hood or protective shield is not required over ventilation openings to a compartment of an
industrial control panel where no uninsulated live parts are present.

21.2.2 A ventilation opening that serves as an air outlet of exhaust air from a forced ventilation system
shall not direct air at the area occupied by the equipment operator. The area occupied by the operator
shall be 30 inches wide (horizontal) centered on any operator control, display, or disconnect handle over
the entire (vertical) height of the enclosure for wall mounted equipment or up to 6-1/2 feet above the floor

for floor mou

21.2.3 Anin
breakers, fug
with Ventilati

21.2.4 Anin
Live Parts.

21.3 Constry
21.3.1 Alou

21.3.2 The 4
is thinner tha

21.3.3 The d
(2.30 mm) w
least 0.081 i

21.3.4 Perfo
shall be at I
mm?) or less

Exception:

uninsulated,
the spacings
than 0.20 ing

hted equipment.
Hustrial control panel with a ventilation opening that contains power-cirguit swj
es, contactors, or overload relays shall additionally comply with Seection 22, E
bn Openings.

Justrial control panel with a ventilation opening shall comply with Section 20, A

ction
er shall not be more than 12 inches (305 mm)-leng.

rea of an opening covered by a louver, a perforated or an expanded-metal me
n the enclosure, shall not exceed 200 sguare inches (0.129 m?).

iameter of the wires of a screen cavering a ventilation opening shall be at leg
hen the screen openings are 0.500 square inch (322 mm?2) or less in area, ar
ch (2.06 mm) for larger screen openings.

ated sheet steel employed for an expanded-metal mesh panel covering a ventil
in area, and shall-be' at least 0.080 inch (2.03 mm) thick for larger openings.

Where the_indentation of a guard or enclosure does not alter the cleara

below the' minimum value specified in Table 10.1, expanded-metal mesh of
h (5 'mim) thick is able to be employed when:

tches, circuit
Barriers Used

ccessibility of

sh panel that

st 0.051 inch
d shall be at

htion opening

ast 0.042 inch (1.0%2_mm) thick for mesh openings or perforations 0.500 square inch (322

hce between

movable,dive parts and grounded metal so as to adversely affect the performance or reduce

steel not less

a) Tl

L L ] v bl J . L -
I CAPUSCU TTIESIT UTT arry Uric Siuc ur suriacC Ul e Ucviee 1ids dil darca Tt T1T

ore 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).
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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 Unless a ventilation opening is located at least 12 inches (305 mm) from an arcing part, a barrier of
metal or of a material such as those specified in 22.4 shall be interposed between the ventilation opening
and a possible source of arcing, such as a power-circuit disconnect switch, the vent openings of a circuit
breaker, a contactor, or an overload relay.

22.2 A barrier shall be of such dimension and so located that any straight line drawn from any arcing part
past the edge of the barriers intersects a point in the ventilation opening plane that is at least 0.25 inch
(6.35 mm) outside the edge of the ventilation opening. A barrier shall be secured in place by mechanical

means, such

22.3 A shee
thick when a

as mechanical fasteners. See Figure 22.1.

-metal barrier shall be at least 0.053 inch (1.35 mm) thick when steel or@:075 i
uminum.

224 A barrigr of polycarbonate shall be at least 0.125 inch (3.2 mm) thick$A-honmetallic

than polycar

22.5 A barrigr constructed other than as in 22.3 and 22.4 shall be, evaluated to the require

Standard for

onate shall be at least 0.25 inch (6.35 mm) thick.

Industrial Control Equipment, UL 508.

nch (1.9 mm)

barrier other

ments of the

Figure 224
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23 Observation Windows

23.1 An observation window constructed as described in 23.2 — 23.6 shall be evaluated as a Type 1
component with respect to 19.3. An observation window that is an integral part of or an accessory 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 evaluated to the performance requirements in 6.3, Sections 9, 14, 15, 15A, 15B, and Sections 30
— 40 and 43 of the Standard for Enclosures for Electrical Equipment, UL 50, for the environmental rating.

23.2 Glass covering an observation opening and forming a part of the enclosure shall be:

a) Npt more than 4 inches (102 mm) in any dimension (including the diagonal) and shall not be
less than 0.055 inch (1.40 mm) thick; or

b) Npt more than 12 inches (305 mm) in any dimension (including the diagorial) and shall not
be lglss than 0.115 inch (2.92 mm) thick.

23.3 A polymeric material covering an observation opening and forming a.part of the encldsure shall be
a polycarbonpte material not less than 1/8 inch (3.2 mm) thick, having @ flammability rating pf 5VA at the
use thickness, and having an area not more than 380 square inches (2452 cm?).
23.4 An obsgrvation window constructed other than as described’ in 23.2 or 23.3 shall comply with the
requirementq for Observation Windows or Polymeric Parts «0f Enclosures in the Standard|for Industrial
Control Equipment, UL 508.

23.5 An obsegrvation window shall be secured to the enclosure by mechanical means, such gs mechanical
fasteners.

23.6 When 4n adhesive is used to secure an,observation window to the enclosure, the agsembly shall
comply with fhe Standard for Polymeric Matetials — Use in Electrical Equipment Evaluationg, UL 746C.

24 Bonding

24.1 An enclosure made of instilating material, either wholly or in part, shall have a bondjng means to
provide contipuity of grounding-between all conduit openings. The bonding means shall be:

a) Cpmpletelyassembled on the product; or

b) Providéd as separate parts or available as an accessory for field installation and marked in
accofdance with 53.7 and 55.5.

Exception: A bonding means is not required for the enclosure of a pushbutton station or a selector switch
that is intended to be connected to a single conduit and is marked in accordance with 53.5.

24.2 A separate bonding conductor shall comply with the requirements in Section 14, Grounding —
General.
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