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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;
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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
Barriers for ventilatian openings
Arcing
Part
. N\
Arcing N
Port —\
N N\
\\
N e
e 174
\ iNn
\ .
N 174 in
\|
SM786B
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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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25 Wire Bending Space

25.1 The distance between the end of a pressure wire connector or terminal block for connection of a field
installed wire, and the wall of the enclosure toward which the wire is to be directed, shall not be less than

that indicated in Table 25.1.

Table 25.1
Wire bending space at field wiring terminals

25.3 When a wire is restricted by barriers or other means from being bent where it leaves the connector,
the distance required by Table 25.1 shall be measured from the end of the barrier.

U
o

(o]

c

3
o

Size of wire AWG or Minimum bending space, terminal to wall, inches (mm) _
MCM (mm?) : ) D
Wires per terminal 2 n

O

1 4 or more o

14 - 10 2.1-5.3) Not specified a =
8-6 (B.4 — 13.3) 1-1/2 (38) 2
4-3 (21.2 - 2 (51) a 3
26.7) W

<

2 (33.6) 2-1/2 (64) a o

1 (42.4) 3 (76) a 3

1/0 (53.5) 5 (127) 5 (127) 7 (178) - 7

2/0 (67.4) 6 (152) 6 (152) 74172 (191) - 5

3/0 (85.0) 7 (178) 7 (178) 8 (203) - 7

9

4/0 (107.2) 7 (178) 7 (178) 8-1/2 (216) - <
250 (127) 8 (203) 8 (208) 9 (229) 10 (254) T
300 (152) 10 (254) 10 (254) 11 (279) 12 (305) -
350 a77) 12 (305) 12 (305) 13 (330) 14 (356) &
400 (203) 12 (305) 12 (305) 14 (356) 15 (381) @
500 (253) 12 (305) 12 (305) 15 (381) 16 (406)
600 (304) 14 (356) 16 (406) 18 (457) 19 (483) g
700 (355) 14 (356) 16 (406) 20 (508) 22 (559) g
750 — 800 | (B8O — 405) 18 (457) 19 (483) 22 (559) 24 (610)
900 (456) 18 (457) 19 (483) 24 (610) 24 (610)
1000 (506) 20 (508) - z
1250 (633) 22 (559) - 5'
1500 — (760 — 24 (610) - Z
2000 1013) -
NOTE: "-" indifates no value.established %
a Conductors spaller than “i/0~AWG shall not be connected in parallel. L
©

N

25.2 Upon Idaving'he lug or connector, the distance specified in 25.1 shall be measured in p straight line
from the cenfer 'of the opening in the connector, in the direction in which the wire leaves|the terminal, .:
perpendiculario the enclosure wall. N
S

[

D

o1

=

=

U

<
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25.4 The required bending space is dependent on the size of the anticipated field wire to be connected
to the connector or terminal in accordance with Section 28, Field Wiring.

26 Enclosure Environmental Control Devices

26.1 General

26.1.1 A fan, air conditioner, or heater mounted to the industrial control panel for the purpose of
conditioning air within the control panel shall comply with the requirements for general construction and

power circuits in addition to the requirements in 26.2 — 26.6.

Exception: A fan that complies with 26.2.1 and a heater that complies with 26.4.1 are able to be supplied

from the isold
26.2 Enclos|

26.2.1 A fan
shall comply

26.2.2 A fan
General Req

26.2.3 A fan
with the requ

26.2.4 Each
a) T

2111
"ther|

b) In
1004

c) M
Load|

nted secondary of a control transformer and comply with the requirements for,cq
re fans

or blower shall have provisions for permanent installation within-electrical ed
with the Standard for Electric Fans, UL 507.

motor shall comply with the requirements in the Standard.for-Rotating Electrica
Lirements, UL 1004-1.

incorporated into an accessory intended for use with' industrial control panels
irements for accessories in the Standard for Industrial Control Equipment, UL

fan or motor shall incorporate one of the_following forms of locked rotor proted

hermal protection complying with the _Standard for Overheating Protection for N
, or the Standard for Thermally Protected Motors, UL 1004-3, where the motor
mally protected” or "T.P."; or

hpedance protection complying with the Standard for Impedance Protected Mo
-2, where the motor is marked "Impedance Protected” or "Z.P."; or

otor overload protection in accordance with Section 34, Overload Protection of
S.

UL\1004-3 will replace Part Ill of UL 2111 effective September 15, 2014

bntrol circuits.

uipment and
1l Machines —
shall comply
08.

tion:

flotors, UL

is marked

fors, UL

Motor
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26.3 Enclosure air conditioner

26.3.1 An air conditioner shall be identified as a special-purpose type, intended for mounting to an
electrical enclosure and complying with the Standard for Room Air Conditioners, UL 484 or the Standard
for Heating and Cooling Equipment, UL 1995.

26.3.2 For an air conditioner as described in 26.3.1 that is marked with an “interface” environmental
rating, such as Type 1 enclosure with Type 12 interface, the “interface” type rating marked on the
component is used as the basis for compliance with Table 19.1.

26.4 Enclosure heater

26.4.1 An el
heater enclo
Electric Heat|

26.4.2 A he

bctric heater Including a heater where the metal sheath Is mounted to groundeq
sed in a polymeric material, such as silicone rubber, shall comply with ithe
ng Appliances, UL 499.

hter incorporated into an accessory intended for use with industtial control

| metal and a
Standard for

panels shall

comply with fhe requirements for accessories in the Standard for Industrial Gefitrol Equipmént, UL 508.

26.4.3 A heater shall be mounted 2 inches (50.8 mm) or more from, polymeric insulating

components

26.4.4 Interr
(392°F) or m

Exception:
a disc therm
the internal v

26.5 Air filte

and wiring, other than the internal wiring connected to, thé)heater.

al wiring connecting to a sheath-type heater shall‘have a temperature rat
Dre.

nternal wiring rated less than 200°C (392°F) is able to be used with a heater
hstat mounted to the sheath and set fora temperature lower than the temperg
iring.

S

26.5.1 Air filters shall be provided over'ventilation openings in enclosures containing powsé

equipment, p

Exception:
enclosure or

rogrammable controllers, power supplies, and information technology equipme

An air filter is npt tequired over ventilation openings when fans are not pr
an integral pant-afany component in the enclosure.

materials of
ng of 200°C
provided with

ture rating of

Br conversion
nt.

bvided in the
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26.6 Enclosure thermal insulation

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

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

b) Be 1/2 inch (12.7 mm) or more from uninsulated live parts and 12 inches (305 mm) or more

from

arcing parts.

26.6.2 An adhesive used to secure thermal insulation to the inside of the cabinet walls shall be evaluated
for the intended use.

27 Enclosurd

27.1 Genera

e Maintenance Lighting

27.1.1 The fequirements in this section apply to maintenance lighting provided on the

industrial cor
27.2 Compo
27.2.1 A lam

27.2.2 Aflug
1598.

27.2.3 Anin
for use with
for Industrial

27.3 Circuit

27.3.1 The
conductors.

27.3.2 Then
28 — 36.

Exception:
supplied fron

trol panel.

hent requirements

inside of an

pholder for an incandescent lamp shall comply with*the Standard for Lampholgers, UL 496.

rescent lighting fixture shall comply with the réguirements in the Standard for LU

candescent lampholder or flourescent §ighting fixture incorporated into an acces
ndustrial control panels shall comply-with the requirements for accessories in
Control Equipment, UL 508.

equirements

ighting circuit voltage-for an incandescent lamp shall not exceed 150 v
he screwshell ofthe*lampholder shall be connected to the grounded circuit coj

paintenance lighting circuit shall comply with the requirements for a power circu

A 120-volt lighting circuit located on the inside of the industrial control panel

minaires, UL

sory intended
the Standard

plts between
nductor.

it in Sections

is able to be
hts for control

the‘isolated secondary of a control transformer and comply with the requireme

circuits in S

b 2= 4.4
aorr or — 44,

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

a) Comply with 31.5 when provided in a power circuit; or

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

CUITS

28 Field Wiring

28.1 General

28.1.1 A terminal, such as a pressure wire connector or wire-binding screw, shall be provided for
connection of each conductor intended to be installed in the industrial control panel in the field.

28.1.2 A field wiring terminal shall be located so that:

a) It

is accessible for examination; and

b) Cpnnection is able to be tightened or wires removed without loosening any $cre
secufe internal (factory) wiring, bus bars, or components (such as circuit breakers,
and fuseholders).

28.1.3 A fielgl wiring terminal shall be for use with copper or aluminum conduetors or both a

accordance \
28.2 Compo

28.2.1 A pre
Standard for

a) H
b) H
28.2.2 A pre
a) C
Stan
486H
b) H

28.2.3 A wir
following:

a) A

vith 54.11.
hent requirements

ssure wire connector of a terminal block shall complywith the requirements co
Terminal Blocks, UL 1059. In addition a terminakblock shall:

ave electrical spacings that comply with Segtion 10, Spacings; and

pve been investigated for connection.ef*field wiring.

5sure wire connector of a component other than a terminal block shall:

pmply with the requirements.in the Standard for Wire Connectors, UL 486A-48
ard for Equipment Wiring Terminals for Use with Aluminum and/or Copper Cd
; and

Ave electrical spaceings at field wiring terminals that comply with Section 10, Sy

b binding<Screw, other than one on a terminal block or a component, shall co

terminal plate tapped for a wire-binding screw shall be of metal not less than

Vs that
switches,

nd marked in

tained in the

6B or the
nductors, UL

acings.

mply with the

D.030 inch

(0.76

AN RS D 4 4.4 ANl {0 4 AN I : ! ot " PN V-
)y uncR1ur a La AVWGO (Z. 1 1T ) U SITIAnTT WITE, daiftu TTUTTESS UidliT U.UOU T

ich (1.27

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

Exception:

Two full threads are not required if fewer threads result in a secure connection in

which the threads will not strip upon application of a 20 pound-inch (2.3 N-m) tightening torque.

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

and

c) A

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

28.2.4 A power distribution block shall comply with the requirements contained in:

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

b) 28.2.1.

28.3 Sizing

28.3.1 The required size of the field wiring terminal shall not be less than 14 AWG (2. mm?) and shall

be determingd by:

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

b) Dtermining the minimum field wiring conductor size from Table _28.1 having a corresponding
ampacity that is equal to or greater than the required ampacity. from (a).

Table 28.1
Ampacities of insulated condugters
Wire size 60°C (140°F) 75°C (167°H)

AWG (mm?2) Copper Aluminum Copper Aluminum
14 (2.1) 15 - 15 -
12 (3.3) 20 15 20 15
10 (5.3) 30 25 30 25
8 (8.4) 40 30 50 40
6 (13.3) 55 40 65 50
4 (21.2) 70 55 85 65
3 (26.7) 85 65 100 75
2 (33.6) 95 75 115 90
1 (42.4) 110 85 130 100
1/0 (58.5) - - 150 120
2/0 (67.4) - - 175 135
3/0 (85.0) - - 200 155
410 (107.2) - - 230 180

250 kemil (127) - - 255 205
300 {452y = = 285 230
350 a77) - - 310 250
400 (203) - - 335 270
500 (253) - - 380 310
600 (304) - - 420 340
700 (355) - - 460 375
750 (380) - - 475 385
800 (405) - - 490 395
900 (456) - - 520 425
1000 (506) - - 545 445
1250 (633) - - 590 485

Table'28.1'Continued on Next-Page
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Table 28.1 Continued

Wire size 60°C (140°F) 75°C (167°F)
AWG (mm?) Copper Aluminum Copper Aluminum
1500 (760) - - 625 520
1750 (887) — — 650 545
2000 (1013) — — 665 560
NOTES -

1 For multiple-conductors of the same size (1/0 AWG or larger) at a terminal, the ampacity is equal to the value in this table for
that conductor multiplied by the number of conductors that the terminal is able to accommodate.

2 These values of ampacity apply only when not more than three conductors are intended to be field-installed in the conduit.

When four or nj
(occurring becd
polyphase syst|
are involved, 7
of these values

ore conductors, other than a neutral that carries the unbalanced current, are intended to be instal
use of the number of conduit hubs provided in outdoor equipment, the number of wires necessary
bms, or other reasons), the ampacity of each of the conductors is: 80 percent of these values if 4
D percent of these values if 7 — 24 conductors, 60 percent of these values if 25 — 42 condugtors, §
if 43 or more conductors.

ed in a conduit
in certain

I 6 conductors
nd 50 percent

28.3.2 For m
shall have ar

Exception Nd
determined t
correspondin

Exception N,
protection th
having an an

28.3.3 For tg

otors, fixed electrical space heating equipment and lighting loads)the anticipate
ampacity of 125 percent of the full-load current rating of theload involved.

. 1: A terminal of a component with a marked horsepowép rating, such as a mq
D be capable of retaining field wiring having an ampaeity.of 125 percent of the fu
g to the horsepower rating from Table 50.1.

h. 2: A terminal for connection of a heater\load provided with individual &
it is greater than 125 percent of the heater‘Current, shall be capable of retainir
ppacity not less than the rating of the branch circuit protective device.

rminals intended to carry currentffom a combination of one or more motors,

and one or nfore other loads, the field wiring(Shall have an ampacity of 125 percent of the

full-load amp

28.3.4 Fortg
power supply

a) 1l
wave

b) 1
waveg

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

rminals intended to carry.current from a dc motor load operating from a rectified
(not a variable-speed drive or speed control), the field wiring shall have an ar

DO percent of the,full-load motor current where a rectifier bridge of the single p
type is usedyor

b0 percent of the full-load motor current where a rectifier bridge of the single p
typenis used.

ed field wiring

btor starter, is
I-load current

ranch circuit
g field wiring

or one motor
argest motor

single phase
npacity of:

hase half-

hase full-

28.3.5 Forte

rminals that will carry the input current to power conversion equipment or a soll

d-state motor

speed controller in which the input current is different from the motor full-load current, the field wiring shall
have an ampacity of 125 percent of the input current rating of the device.

28.3.6 For terminals intended to carry the load current from a wye-delta starter, the ampacity of the field
wiring shall be:

a) In accordance with 28.3.2; and

b) Based on a load current equal to 58 percent of the motor full-load current.
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28.3.7 Field wiring terminals intended to carry the current of a part winding motor, where half of the motor
winding is energized during starting and the remaining half of the motor winding is subsequently energized
for the running condition, the ampacity of the field wiring shall be:

a) In

accordance with 28.3.2; and

b) Based upon the FLA from the respective part or half winding being energized instead of the
full motor FLA (both halves).

28.4 Separation of circuits

28.4.1 An industrial control panel shall be constructed so that a field-installed conductor of any circuit is

segregated 3

a) A

b) A

c) A
circu

Exception:
when specifi
install the eq

28.4.2 Field

arranging th
to the termin
permanent 1
be segregate
operating at
maintained.

parts or fac{ry-installed conductors of'the industrial control panel connected to differe

S specified In 28.4.2 or separated by a barrier from:
field-installed conductor connected to any other circuit unless:
1) Both circuits are Class 2 or both circuits are other than Class’2; and

2) The conductors of both circuits are intended to be insulated for the max
voltage of either circuit.

N uninsulated live part of any other circuit.

factory-installed conductor connected to any other circuit, unless the conducto
ts will be insulated for the maximum voltage ‘of-either circuit.

The field-installed conductors are not required to be segregated or separated
C installation instructions are includedithat explain the proper procedure to b
L/ipment to achieve required separation as specified in 54.8.

installed conductors are able to" be segregated from each other and from un

location of openings in.an enclosure for the various field-installed conductors
Is or other uninsulated live parts and factory- or field-installed conductors so th
4 inch (6.4 mm) separation is provided. Field installed conductors of a Class
d from field and-factory installed conductors and uninsulated live parts of
over 150 volts.-to ground so that a minimum permanent 2 inch (50.8 mm)

mum

rs of both

by a barrier
e followed to

nsulated live
ht circuits by
with respect
at a minimum
P circuit shall
pther circuits
separation is
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28.5 Cord-connected equipment

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

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

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

Equipment, UL 508.

28.5.3 The d

ord shall comply with the Standard for Flexible Cords and Cables, UL 62, and

be one of the

following typgs: S, SE, SEO, SEOO, SJ, SJE, SJEO, SJEOO, SJO, SJOO, SJT,(SJTO, [SITOO, SO,
SOO, ST, STO, STOO, or portable power cable type G, PPE, or W power cable.
28.5.4 A corfl, used on equipment having a:
a) Type 3, 3R, 3S, 4, 4X, 6, or 6P enclosure shall be marked:
1) "Outdoor,”
2) "w;"
b) Type 6 or 6P enclosure shall be marked "watér resistant;” and
c) Type 12, 12K, or 13 enclosure shall be;ail resistant and designated by the letter|"O" in the
cord ftype (such as SO, SJO, or STO).

28.5.5 The |
a) C

b) D

bquired conductor size of a cord shall be determined by:
plculating the required ampacity per 28.3.2 — 28.3.6; and

Ptermining minimumconductor size from Table 28.2 or Table 28.3 having a cg

ampacity that is notcless than (a).

28.5.6 Cablg
or between U
attached to t

assembligs and flexible cords provided for interconnection between sections
nits of & system shall comply with 28.5.1 — 28.5.5, 28.5.8, and 28.5.8. A multi-
e cable assembly shall comply with the requirements for receptacles in 28.6.

rresponding

of equipment
Din connector
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Table 28.2
Ampacity of flexible cord

Conductor size, AWG Amperes
Two conductors Three conductors 2

18 10 7

16 13 10

14 18 15

12 25 20

10 30 25

8 40 35

6 55 45

4 70 60

2 95 80.
a Where mote than three current-carrying conductors are provided, the ampacity of each of the conductors shgll be: 80
percent of these values for 4 — 6 conductors; 70 percent of these values for 7 — 9 conductors;/50_percent of these values
for 10 — 20 donductors; 45 percent of these values for 21 — 30 conductors; 40 percent of theése values for 31 40
conductors; nd 35 percent of these values for 41 or more conductors.

Table 28.3
Ampacity of portable power cablé

Conductof size, AWG Number of current:carrying conductors
1 2 32

8 60 55 48

6 80 72 63

4 105 96 84

3 120 113 99

2 140 128 113

1 165 150 131

[1/0 195 173 153

P/0 2P5 199 174

3/0 260 230 201

/0 300 265 232

P50 340 296 254

BOO 375 330 284

B50 420 363 319

100 455 392 343

00 515 448 392
a8 Where morg than“three current-carrying conductors are provided, the ampacity of each of the conductors shall be: 80
percent of thdse-Valuesfor 4 — 6 conductors; 70 percent of these-values for 7 — 9 conductors; 50 percentof-thdse values for
10 — 20 conductors; 45 percent of these values for 21 — 30 conductors; 40 percent of these values for 31 — 40 conductors;
and 35 percent of these values for 41 or more conductors.

28.5.7 When either or each end of an external interconnecting cable terminates in a connector external
to the enclosure on which there are one or more exposed contacts, risk of electric shock shall not exist
between earth ground and any contact that is exposed on either the connector or its receptacle mounted
on an enclosure surface while the connector is out of its receptacle.
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28.5.8 In reference to 28.5.8, an interlock circuit in the cable to de-energize the exposed contacts

whenever an

end of the cable is disconnected meets the intent of the requirement.

28.6 Receptacles

28.6.1 A general-use grounding type receptacle and a multi-pin type receptacle shall comply with the

requirements

in the Standard for Attachment Plugs and Receptacles, UL 498.

28.6.2 A multi-pin receptacle mounted through an enclosure wall shall additionally:

a) Be provided with a metal housing or comply with the polymeric enclosure requirements in
the Standard for Industrial Control Equipment, UL 508;

b) B
c) C
d) B

28.6.3 A ger
be connecteq

a) A
b) R

28.6.4 Arec
part will have

28.6.5 A ger
shall have m
with 59.4.

28.6.6 Class
for Ground-H
20-ampere rq
or otherwise

b a female type;
pmply with 28.5.8 and 28.5.8; and
e marked in accordance with 59.2 and 59.4.

eral-use receptacle or a multi-pin receptacle of the type where the mating part
to a flexible cord shall be provided only for connection of loads which:

‘e portable; or
pquire frequent interchange.

bptacle provided for the permanent connéction of a load shall be of a type whe
provision for connection of conduit.

eral-use receptacle rated more than 20 amperes or a multi-pin type receptacle
bchanical means to secure the connection(s). The receptacle shall be marked i

A ground fault circuit interrupter protection complying with the requirements in
ault Circuit-Interpupters, UL 943, shall be provided for all 120-volt, single-p
ceptacles used in-an industrial control panel marked as having a Type 3R or 3
ntended for outdoor use.

s intended to

re the mating

of any rating
N accordance

the Standard
hase, 15- or
RX enclosure
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29 Internal Wiring

29.1 General

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

29.1.2 All internal wiring shall have insulation rated for the voltage involved.

Exception:

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

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

29.2 Condug

29.2.1 All infernal wiring of power circuits shall have a temperature rating of 90°C (194°F)

shall be one
a) M
1063
with

b) T
Cabl

c) T
Wire

d) A
758;

e) W
Exception:
requirement
Standard for
29.2.2 Bus |

a) T
spac

tor requirements

of the following:

achine tool wire that complies with the Standard for Machine-T@ol*Wire and C
. Flexing or Class K type machine tool wires and cables shalkbe installed in a
P9.3.11;

nermoset insulated wire that complies with the Standard for Thermoset-Insulats
ps, UL 44;

hermoplastic insulated wire that complies withthe Standard for Thermoplastic-
5 and Cables, UL 83;

bpliance wiring material that complies;with the Standard for Appliance Wiring N
or

elding cable installed in accordance with 29.3.11.
A power supply cord that'is integral to a component is not required to con
Wwhen its attachment.plug is intended for connection to a receptacle that com
Attachment Plugs-and Receptacles, UL 498.

ars are able to.be used for internal connections in a power circuit when:

ne bus bars comply with the Standard for Industrial Control Equipment, UL 508
ngs that comply with Table 10.1 or 10.2, as appropriate; or

minimum and

ables, UL
rcordance

ed Wires and

nsulated

faterial, UL

hply with this
plies with the

, and having

L\LD

b) T

i) L 1 - ('l (M - TaVa W W. ViAW AN (e VoWV L 1
e DUS Dars are evartatetaccoramygto 2972 2(0)(I)ana29272(0)(2) oerow:

1) Spacings are maintained in accordance with Section 13, Insulating Material, and

Table 10.1 or Table 10.2; and

2) They are constructed in accordance with 29.3.9 and 29.3.10 and sized as specified

in 29.6.2.

Exception: This requirement does not apply to bus bars integral to a component.
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29.2.3 Additional insulation, when used, shall be rated 90°C (194°F) minimum and shall be one of the

following:

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

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

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

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

29.3 Wiring

methods

29.3.1 All infernal wiring terminations shall be mechanically secured, shall provide. €lectrig

and shall cor
29.3.2 A sol
a) W
by P
c) T

29.3.3 A con
from the con

a) S

b) S

nply with 29.3.2 — 29.3.6.

lered joint shall be mechanically secured before soldering bybeing:

rapped at least halfway (180 degrees) around a terminal;

rovided with at least one right angle bend when passed through an eyelet or o
visted with other conductors.

nection to a wire-binding screw shall be made as follows such that no loose stra
nection:

blid wire formed into a loop at least three-quarters (270 degrees) around the te
randed wire that is:

1) Soldered;

2) Connected'to a terminal provided with upturned ends;

3) Connected to a terminal provided with a cup washer; or

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

al continuity,

pening; or

inds protrude

rminal; or

29.3.4 A cor

nectiomtoaterminat-of ercomponentshattbemade by

a) Wire inserted directly into a pressure wire terminal of the component;

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

c) Crimped-on pressure terminal connector or closed-loop eyelet;

d) Solder terminal specified in 29.3.2;
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e) Wire-binding screw specified in 29.3.3; or

f) Open-type eyelet specified in 29.3.5.

29.3.5 An open-type eyelet shall have:

a) Upturned ends that engage the terminal screw head;

b) Fork- or crimp-type ends that engage the terminal screw shank; or

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

29.3.6 Multig
mechanical d
the electrical

29.3.7 Intern
comply with

29.3.8 A spli
splice conne

insulation shall overlap the wire insulation or be mechanically supported such that it complies
10, Spacingd.

29.3.9 A bus
that are rateq

29.3.10 The
be plated wit

29.3.11 Flex
“Class K", sh
UL 486A-484

29.3.12 Unlg
buses shall 4
industrial con
having the h
above conve

le conductors secured to a single termination point shall result in a reliablée
spacings required in Section 10, Spacings.
al wiring connected to earth ground or the grounded secondary-side of a tran

| 7.3 and 17.4.

ctor that complies with the Standard for Splicing Wire Connectors, UL 486(

bar shall be supported by insulators that.comply with Section 13, Insulating N
90°C (194°F) minimum.

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

ble conductors, includingwelding cable and machine tool wire identified ag
all be retained by terminals that have been evaluated to the Standard for Wire
B for the size and type-of conductors involved.

ss otherwise niarked, the intended phase arrangement on 3-phase horizonta
e A, B, C frgm.front to back, top to bottom, or left to right, as viewed from th
trol panel;and on 3-phase, 4-wire, delta-connected systems, the B phase shall

htion;“each bus bar shall be marked to identify the intended phase at each tern

blectrical and

onnection made without loose, unretained, or severed stranding, and without @ reduction in

sformer shall

ce shall be provided with additional insulation complying with 29.2.3 or an insulated crimp-on

C. The splice
with Section

flaterials, and

ogether shall

“Flexing” or
Connectors,

| and vertical
e front of the
be that phase

gher voltage to ground. Where the intended bus bar phase arrangement differs from the

ination point.

29.3.13 An

() dagas- Il - 1 1 b - (] - 1l £ s - i)
iaustridar CUTIHOT Jaricln Luristrucicu spcumidily 1Ur CUNMIeLUuIrT tu - d 3'plldbC,

4-wire delta

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

termination p

oint.
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29.4 Routing of internal wiring

29.4.1 A hole through which insulated wires pass in a sheet metal wall within the enclosure of the
equipment shall be provided with a smooth, well-rounded bushing or shall have smooth, well-rounded
surfaces upon which the wires are able to bear to reduce the risk of abrasion of the insulation.

29.4.2 Wires shall be routed away from sharp edges, screw threads, burrs, fins, moving parts, drawers,
and similar parts, that are able to abrade the wire insulation. Wires shall also be routed away from
heat-producing components, such as heat sinks of power circuit components, power supplies,

transformers,

cabinet heaters, and power circulit resistors.

29.4.3 Clamps, guides, spiral wrap, wire ties, and wiring troughs, either metallic or nonmetallic, used for

routing statio
and bearing

nonconductir]
conductor ha

29.4.4 Wirin
during mecha
or door, shal

a) S

b) C
closi

Wiring intend
machine tool
cable compli

29.5 Separa

29.5.1 A fac
with 29.2.3,

a) A
are i

b) A

hary internal wiring shall be provided with smooth, well-rounded edges. The clg
surface shall be such that abrasion or cold flow of the insulation is not able_te, 0q
g mechanical protection shall be provided under a metallic clamp that exerts
ving thermoplastic insulation less than 1/32 inch (0.8 mm) thick and havihg no

j that is subject to movement, flexing, handling, or manipulation-during its integ
Lnical maintenance such as wiring from a stationary part to a part mounted on a
be:

randed-type conductors;

Abled, routed, secured, and protected so that the wire is not damaged during ¢
ng of the door or cover.

ed for flexing duty, flexible cord, machite tool wire that is 8 AWG (8.4 mn
wire that is 18 — 10 AWG (0.8 — 5.3 mim?) designated as "Flexing” or "Class K
bs with this requirement.

ion of circuits

ory-installed conductor shall be separated by a barrier or by additional insulati
r shall be segregated as specified in 29.5.2 from:

factory-installed conductor used in a different circuit unless the conductors of
hsulated for_the-maximum voltage of either circuit; and

N uninsUlated live part connected to a different circuit.

mping action
cur. Auxiliary
ressure on a
overall braid.

nded use, or

hinged cover

pening and

h?) or larger,

", or welding

bn complying

both circuits

29.5.2 Segrg
provides pert

gation of a conductor shall be accomplished by clamping, routing, or equivalemt means that

frcuit.

29.5.3 A conductor shall be provided with strain relief in accordance with 28.5.2 when stresses on the
conductor cause the conductor to move such that compliance with 29.5.1 is not maintained.
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29.6 Sizing

29.6.1 Internal wiring of a power circuit shall not be smaller than 14 AWG (2.1 mm?2) and shall be
determined by:

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

from

Table 50.1 or Table 50.2; and

b) Determining the minimum internal wiring conductor size from Table 28.1, having a
corresponding ampacity not less than the required ampacity from (a).

Exception:
this requirent

29.6.2 Ther
a) B

al e
indug

L ead wires integral to a component, such as a transformer, are not requiréd”t
ent.

bquired size of bus bars used for internal connections of a power Cirguit shall:
b determined by calculating the required ampacity by adding.the full-load currg

ternal loads being carried by the conductor, based on the, marked load ratings
trial control panel. For motor loads rated in horsepower,he equivalent full-loal

rating shall be determined from Table 50.1 or Table 50.2;-ahd

b) H
curre
1000
bar n

30 Disconng
30.1 Compo
30.1.1 An in
Standard for
489.

30.1.2 A mg
Circuit-Break|

30.1.3 A sw
Standard for

ave a current rating not less than current determined in 29.6.2(a) based on the
nt rating of a bus bar that complies with 29.2:2(a) or the current density not ex

hultiplied by minimum thickness of bus bar) of the copper bus bar.

ct Switches

hent requirements

verse-time or instantanequs-trip circuit breaker shall comply with the require
Molded-Case Circuit.Breakers, Molded-Case Switches, and Circuit-Breaker Ef
Ided-case sWwitch shall comply with the requirements in the Standard for

ers, Molded-Case Switches, and Circuit-Breaker Enclosures, UL 489.

tch_umit; an open-type switch or enclosed switch shall comply with the require
Enclesed and Dead-Front Switches, UL 98.

b comply with

nt ratings of
of the
d ampere

marked
ceeding

amperes per square inch (per 6.45 cm?) of’cross-sectional area (minimum wigith of bus

ments in the
closures, UL

Molded-Case

ments in the

30.1.4 A manual motor controller marked "Suitable as Motor Disconnect” shall comply with the

requirements

in the Standard for Industrial Control Equipment, UL 508.

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

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

UL 1429.

30.1.8 A disconnect switch with provisions for a fuse rated greater than 600A shall comply with 30.1.4 or
the requirements contained in the Standard for Fused Power-Circuit Devices, UL 977.

30.1.9 A power circuit breaker shall comply with the requirements contained in the Standard for

Low-Voltage

AC and DC Power Circult Breakers Used In Enclosures, UL 1066.

30.2 Sizing ¢f disconnect switch

30.2.1 Anin
80 percent o

Exception:
rating or an ||
equivalent to

30.2.2 A mo
or enclosed

a) F

erse-time or instantaneous-trip circuit breaker shall not carry a fullload current
its nominal ampere rating.

An inverse-time circuit breaker that is marked for continuous use up to 100
Stantaneous trip circuit breaker, or a power circuit breakéer'is able to carry a fu
its ampere rating.

ded-case switch, a switch unit, a fused power gircuit switch, a pullout switch,
witch shall have:

br control of one or more non-motor loads:

1) An ampere rating not less thatr’100 percent of the rated full-load current
load(s) for a non-fused switchy and

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

pr control of a single motor load:

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

2)SAn ampere rating not less than 115 percent of the motor full-load curren

of more than

bercent of its
I-load current

and an open

of the

e rating of
with an

t rating in
rive; or

accordance with Table 50.1 or the input current rating of a variable speed

¢) For one or more motors or for one motor and any other load(s), an ampere rating or a
horsepower rating with an equivalent full-load current:

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

currents of all other loads; and

2) The rated locked-rotor current of the switch shall not be less than the sum of the
locked-rotor currents of all motors, plus the full-load currents of all other loads. For
single-phase motors, the locked rotor current is 6 times the full load current rating. For

three-phase motors, the locked rotor current is as in Table 50.3.
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30.2.3 A self-protected combination motor controller shall be sized at 100 percent of its full-load current
rating for disconnection of a single motor load.

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

30.3 Location

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

Exception:

A disconnecting means is not required when the industrial control panel is marked in
accordance with 60.1.

30.3.2 The d

30.3.3 A ma

hual motor controller marked "Suitable as motor disconnect” shall be.irnstalle

load side of the branch circuit protective device.

30.3.4 A ma|
line side of 4
branch circui
30.3.3. In thi
shall comply
considered al

30.3.5 Wher]
one location

30.3.6 The {
load side.

Exception N
back-fed. Th

Exception N¢
marked on t

Exception N¢
the line and
marked as in

hual motor controller marked, "Suitable as Motor Disconnect®, is able to be ins
emiconductor fuses protecting power conversion equipment, as in 31.1.3, w
I protective devices are also installed on the line side of the manual motor cg
5 case, the branch circuit protective devices on the ling side of the manual mg
with 31.3, as they serve as the branch circuit preteetion, and the semicondug
5 supplementary protection.

two or more disconnects are provided for. @Multiple supply circuits, they shall 4
pn the industrial control panel.

upply connections to a disconnecting means shall not be “back-fed” or rever
D. 1. An inverse-time circuftobreaker that is not marked "Line" and "Load",
b industrial control panel shall be marked as in 57.3.

. 2: A manual selfsprotected combination motor controller is able to be back-f,
e device. The dndustrial control panel shall be marked as in 57.3.

. 3: A disconnect switch as described in 30.1.4 and having contacts that simulta

57.3

isconnecting means shall open each ungrounded conductor of the supply CirC\IAit.

i only on the

talled on the
hen separate
ntroller as in
tor controller
tor fuses are

e grouped in

sed, with the

s able to be

bd only when

neously open

pad side of an integral fuseholder is able to be back-fed. The industrial control panel shall be
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30.4 Mechanical operating mechanism

30.4.1 When the handle of a main disconnect switch is operated vertically rather than rotationally or
horizontally, the "up” position of the handle shall be the "on" position.

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

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

30.4.4 The center of the grip of an operating handle for the disconnecting means provided in a

floor-mountin
the floor bott

31 Branch Q
31.1 Compo

31.1.1 An in
Standard for

489. An inst@ntaneous-trip circuit breaker, in combination with the{motor controller and m

device, shall
for Industrial

31.1.2 A brdg
Requirement
located in a
meets the ap
are able to b

31.1.3 A se
Low-Voltage
protection of
its use.

31.1.4 A se
controller sha
with all acce
controllers sh

g controller, when In its highest position, shall not be more than 79 inches (2
bm of the enclosure.

ircuit Protection
hent requirements

verse-time or instantaneous-trip circuit breaker shall comply’ with the requirg
Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker E

additionally comply with the requirements for combination motor controllers in
Control Equipment, UL 508.

5, 248-1, and the applicable parts of the UL 248 series. A branch circuit fuse i
direct-current circuit shall be marked;with a dc voltage rating. A special purp
plicable performance requirements 0f'the UL 248 series of standards for a bran
b used as branch circuit protection based on the specified fuse class.

miconductor fuse that camiplies with added in "the Standard for" herethe
Fuses — Part 13: Semiconductor Fuses, UL 248-13 is able to be used for
a motor circuit containing a variable speed drive whose installation instructions

f-protected_éombination motor controller or a manual self-protected combi
|l complycwith the Standard for Industrial Control Equipment, UL 508, and sha
ssory. parts required by the product marking. Manual self-protected comb
all béttused with the motor controllers required by the product marking.

1 cm) above

ments in the
closures, UL
btor overload
the Standard

nch circuit fuse shall comply with the Sta@dard for Low-Voltage Fuses - Pajt 1: General

tended to be
Dse fuse that
th circuit fuse

Standard for
branch circuit
5 recommend

nation motor
| be provided
nation motor

31.1.5 A discretefusehotdernotamintegrat-part-of adisconmectswitch,forabranch—irclit fuse other
than Class L shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL 4248-1,
and the applicable Part from the UL 4248 series.

31.1.6 A discrete fuseholder, not an integral part of a disconnect switch, rated more than 600A for use
with a Class J, L, or T branch circuit fuse shall comply with the requirements in the Standard for Fused
Power-Circuit Devices, UL 977.
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31.1.7 The following shall not be relied upon to provide branch circuit protection:

a) A supplementary protector that complies with the Standard for Supplementary Protectors for
Use in Electrical Equipment, UL 1077;

b) Miscellaneous, miniature, and micro fuses that comply with the Standard for Low-Voltage

Fuse

s — Part 14: Supplemental Fuses, UL 248-14; and

¢) A manual motor controller provided with an instantaneous-trip overcurrent mechanism that
complies with the Standard for Industrial Control Equipment, UL 508.

31.1.8 An industrial control panel that contains a circuit breaker rated 1000 amperes or more or a

fuseholder t
requirements

Exception:
31.2 Locatio

31.2.1 A brd|
involved.

Exception N
circuit protec
this requirent

Exception Nd
a pole for eé
required in 3

31.2.2 Wher
protection pr
component ré

at accepts a fuse rated 1000 amperes or more shall additionally com
for ground-fault protection in 75.6.

['his requirement does not apply to a panel marked in accordance with.60.1.
N
hch circuit protective device shall be installed in each ungreunded conductor
. 1. An industrial control panel that is intended to 'bé installed on the load s
fion provided in the field and marked in accordance with 60.1 is not required tg
ent. Also see 31.2.2.

. 2: Branch circuit fuses are not required‘to be provided in a branch circuit fuse

ch ungrounded conductor where the-fuseholder is sized to accept the brang
1.3 — 31.8. See 60.1.

pvided in the field and the_required branch circuit protection is to be sized
striction as specified in31.3.1(b) or 31.3.2 or based on motor grouping as desa

the field installed component matking of 60.1 shall include the required size and type of

protection.

31.2.3 A fus
are open:

a) T

eholder withifnna power circuit shall be located so that when the disconnect sw

ne fuses are readily accessible; and

ply with the

o the load(s)

de of branch
b comply with

holder having
h circuit fuse

an industrial control panek.is intended to be installed on the load side of ranch circuit

based on a
ribed in 31.4,
branch circuit

itch contacts

b) T

o - lal - Il bl £ ke - b o L. -
1€ UPCTAlUT 15 dUIT WU TEPIALE UTT TUSTE WILNTUUL CUTTLIALLUTTY TIVE PJarts.

31.2.4 The handle of a circuit breaker that is operable from outside the industrial control panel and that
operates vertically rather than rotationally or horizontally shall be located so that the "up” position of the

handle is the

"on" position.
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31.3 Sizing of branch circuit protection for single motor circuit

31.3.1 The ampere rating and type of branch circuit protection for a single motor circuit, other than
covered in 31.3.2 and 31.3.3, shall be determined based on the smaller of:

a) Sizing in accordance with Table 31.1, by:

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

rating from Table 50.1 or Table 50.2;

2) Determining the maximum percentage of full-load amperes corresponding to the type

of branch circuit device selected from Table 31.1; and

b) S
heatq
the b

3) Multiplying (1) and (2);

zing based on component restrictions, as indicated by markings on ecemponen
br table of an overload relay, or in the instructions provided with ceniponents. |
ranch circuit protection selected shall be coordinated with all power circuit con

the Ipad side of the protective device and shall:

Whe
"fussg
circu

31.3.2 The [
be of the typ
instructions d

1) Have an ampere rating not exceeding the manufacCturers maximum speq
and

2) Be the same type of device specified by the*manufacturer.

h used in instructions for a component, heatér tables, or instruction manuals, t
" shall refer to a branch-circuit type fuse*and “circuit breaker” shall refer to an
t breaker.

ranch circuit protection for a single-motor circuit provided with a variable-spe¢
e and size specified by the.manufacturer’s instructions provided with the dri
o not specify the type and-Size, a branch-circuit fuse or inverse-time circuit bre

used and shall be sized in accordance with 31.3.1(a) based upon the full-load motor output

of the drive.

Exception Ni
inverse-time

Exception N(
bus" drive ig
conductors. §

p. 1. Additional~branch circuit protection is not required for a drive provided)
circuit breakér, .branch-circuit, or semiconductor fuses in all ungrounded input

. 2: Unless specified in the installation instructions for a variable-speed drive
not fequired to have individual branch circuit protective devices installed in
bee\31.4.2 for branch circuit protection for the power supply converter unit sup

ts, the
n this case,
ponents on

ified rating;

he term
inverse-time

pd drive shall
e. When the
aker shall be
current rating

with integral
conductors.

, a "common
the dc input
plying dc bus

power to the

“cormmombustinverter-sections:

31.3.3 Additional branch circuit protection is not required for a self-protected combination motor controller
or a manual self-protected combination motor controller supplying a single motor load. The adjustable
range of the self-protected combination motor controller shall be set for the motor full load current rating

as determine

d from 31.3.1. The cautionary markings in 55.7 shall be provided.
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31.3.4 Additional branch circuit protection is not required to be provided when an instantaneous-trip
circuit breaker and all of the load side power components have been evaluated as a combination motor
controller as specified in 31.1.1 and supply a single motor load. The adjustable range of the
instantaneous-trip circuit breaker shall be able to be set for the rating determined from 31.3.1. The
cautionary markings of 55.6 shall be provided.

31.3.5 A fuseholder shall be sized to accept a fuse in accordance with 31.3.1. The fuseholder shall be
provided with the replacement fuse marking of 56.1 when:

a) The fuseholder accepts a fuse with an ampere rating greater than specified in 31.3.9;

b) The fuseholder accepts a fuse with an ampere rating that exceeds a component restriction
as specified in 31.3.1(b); or

c) The fuseholder is intended for a semiconductor fuse.

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

a) Individual branch circuit protection for each winding that complies with 31.3.1 based on the
full Iqad current rating of the protected winding; or

b) A]single branch circuit protective device or set of braneh circuit protective devices supplying
all windings that complies with 31.3.1 based on the full foad current rating of the smallest
wind{ng.

Table*31.1
Maximum rating of motor branch circuit-device percent of full load amperes

Type of Brpnch Circuit Ampere Rating Nominal rating of motor Notds
Protectije Device branch circuit protective
device, percent of full load
amperes
Nontimq delay fuse 0 - 600 300 See 31.3.7, 31.8.8, 31.3.9(a)
Nontimg delay fuse Over 600 300 See 31.3.7, 31.8.8, 31.3.9(b)
Dual elempnt fuse (time All 175 See 31.3.7, 31.8.8, 31.3.9(c)
delay) excgept Class CC
Class CC Dyal element fuse 0-30 300 See 31.3.7, 31.8.8, 31.3.9(a)
(tim¢ delay)
Inverse-tim4g eircuit breaker 0-100 250 See 31.3.7, 31.3.8, 31.3.9(d)
Inverse-time circuit breaker Over 100 250 See 31.3.7, 31.3.8, 31.3.9(¢e)
Instantaneous-trip circuit All 800 See 31.3.4, 31.3.9(f)
breaker
Self-protected Combination All 100 See 31.3.3

Motor Controller

Manual Self-protected All 100 See 31.3.3
Combination Motor Controller

31.3.7 When the calculated ampere rating of the branch circuit protection as specified in 31.3.1(a) does
not correspond to a standard size fuse or circuit breaker, the next higher size fuse or inverse-time circuit
breaker as specified in 31.3.8 shall be used.
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Exception No. 1: When the calculated ampere rating of the branch circuit protection specified in 31.3.1(b)
does not correspond to a standard size fuse or circuit breaker, the next lower standard size shall be used.

Exception No. 2: When a circuit breaker is used as branch circuit protection of a motor circuit that is rated
3.75 amperes or less in accordance with 31.3.1, a 15-ampere circuit breaker is able to be used.

31.3.8 Standard ampere ratings for fuses and inverse-time circuit breakers are 15, 20, 25, 30, 35, 40, 45,
50, 60, 70, 80, 90, 100, 110, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 601, 700, 800,
1000, 1200, 1600, 2000, 2500, 3000, 4000, 5000, and 6000. Additional ratings for fuses include 1, 3, 6,
and 10.

31.3.9 Where the starting current of the motor opens the branch circuit protective device specified based
on 31.3.1(a),[the maximum rating or setting of the branch circuit protective device shall not lexceed:

a) 400 percent of full-load motor current for a non-time delay fuse or a Class'CC time delay
fuse |not exceeding 600 amperes;

b) 300 percent of full-load motor current for a non-time delay fuse rated 601 ampe
greafer;

es or

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

d) 400 percent of full-load motor current for an inverse-time circuit breaker not excg¢eding 100
ampgres;

e) 300 percent of full-load motor current for an.iAverse-time circuit breaker rated mpre than 100
ampegres; or

1700
a high—

f) 1300 percent of full-load motor current.for an instantaneous-trip circuit breaker o
perce¢nt of motor full load current for @an instantaneous trip circuit breaker used with
efficigncy Design B motor.

31.4 Sizing ¢f branch circuit protection for motor groups

31.4.1 A gro
able to be pr
in (a), (b), or

a) W

up of loads, consisting of two or more motors, or one or more motors and oth
ptected by a single’ set of branch circuit fuses or inverse — time circuit breake

(c):
hen thé branch circuit protection does not exceed 20 A, 125 V or 15 A, 600 V

1) The full load current rating of each motor does not exceed 6 A; and

er loads, are
as specified

or less; and

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

omponent

3) The rating and type of the branch circuit protection is coordinated with the

requirements for other loads in 31.4.4;

b) When the rating and type of the branch circuit protective device complies with 31.3.1 for
each motor circuit in the group, the tap conductors comply with 31.4.3, and the rating and type
of the branch circuit protection is coordinated with the requirements for other loads in 31.4.4; or
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¢) When all power circuit devices included on the load side of the branch circuit protection are
intended for group installation, as determined by a marking on the component, the heater table
of an overload relay, or on instructions provided with the components, the tap conductors
comply with 31.4.3, and the rating and type of the branch circuit protection is coordinated with
the requirements for other loads in 31.4.4 and the size of the branch circuit protection does not
exceed the rating determined by (1) or (2), whichever is smaller:

1) Size of branch circuit protection is determined by determining the size required for

the largest motor in the group, in accordance with 31.3.1(a) and adding the

full-load

ampere ratings of all remaining motors and the current ratings of all other non-motor

loads in the grouping; or

31.4.2 For p
are supplied
protected by
The branch ¢

a) T
grou

by T
31.4.3 The 8
a) N
b) N
moto

protg
Equi

an ampacity not_|éssthan calculated in 28.3.2.

31.4.4 For 4
circuit breake

2) Size of branch circuit protection i1s chosen so as not to exceed the amp4
specified in the group installation marking of all power components and the
protective device is the type specified in the group installation marking.”For
of making this determination, the term "fuse” refers to a branch-circuit type
term "circuit breaker” refers to an inverse-time circuit breaker.

bwer conversion equipment consisting of two or more "commgon bus” inverter
from a single power supply converter, all sections shall cemply with 33.1.2
a single set of branch protective devices installed in the Jine side of the conv
ircuit protective devices shall be sized according to (&) or (b), whichever is sm

ne maximum usable branch circuit protection specified in 31.3.1 for the largest
b plus the full-load ampere ratings of all remdining motors and other loads in t

ne maximum specified branch circuit protection of the converter section.

mpacity of the tap conductors, theinternal conductors to individual loads, shal
pt less than 1/3 the ampacity (of'the branch circuit conductor, calculated as in 2
bt less than 1/10 the ampére rating of the branch circuit protection for the groy
I circuit provided with_a-manual motor controller marked “Suitable as tap cond

ction in group installations ” and complies with the Standard for Industrial Con
bment, UL 508/ The conductors on the load side of the manual motor controlle

group_ that includes other (non-motor) loads, additional branch circuit fuses o
rs shall*be provided in each circuit in accordance with 31.5 — 31.8.

bre rating
type of

the purpose
fuse and the

sections that
and shall be
erter section.
aller:

motor in the
e group: or

be:
P8.3.3; or
p for each
ictor

rol
r shall have

inverse time

Exception:

Mhere—the—ampererating—ofthe—brarrch—circuitprotectiondetermined—m—35+4.1 does not

exceed the applicable branch circuit protection requirements in 31.5 — 31.8 for a non-motor load in the
group, additional branch circuit protection is not required.
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31.5 Receptacles

31.5.1 A single general-use receptacle shall be protected by a branch circuit protective device having an
ampere rating not more than the ampere rating of the receptacle.

31.5.2 A duplex receptacle or two or more receptacles connected to the same branch circuit shall be
protected by a branch circuit protective device having an ampere rating not more than the ampere rating
of the receptacle.

Exception No. 1: A 20-ampere branch circuit protective device is able to be used with a receptacle rated

15 amperes.

Exception N¢. 2: Branch circuit protective devices having a rating that is smaller than the]

receptacle a
and marked

e able to be used with a receptacle intended for use only with a specific piece
n accordance with 59.1.

31.6 Sizing ¢f branch circuit protection for heater loads

31.6.1 Resis
a) N
b) N
c) N

Exception Nd
ASME rated

Exception Nd
snow melting
circuit protec

Exception N(
the industria
devices rated

31.6.2 The 1
loads contair
rating shall ¢

tance heating element loads shall be provided with branch circuit protection si
pt less than 125 percent of the heater load current;

pt larger than 60 amperes; and

Dt larger than the ampacity of the field wiring‘tethe heater load.

. 1: Resistance heating element loads contained in a water heater or steam bo
and stamped vessel are not requiredt@*comply with this requirement. See 31.

. 2: For heaters used for industrial furnaces, pipelines and vessels or outdool
where the heater is not able to be subdivided into circuits less than 48 ampere
live device is required to he-sized in accordance with 31.6.1 (a) and (c) only.

. 3: Branch circuit protective devices rated more than 60 amperes are able to b
control panel when' the field wiring diagram specifies additional branch cirg
| at not more thian-60 amperes are to be provided in the field. See 60.1.

naximum oranch circuit protective device shall be 150 amperes for resistive he
ed in a water heater or steam boiler having an ASME rated and stamped ves
pmpliEwith 50.5.

rating of the
of equipment

red:

ler having an
b.2.

de-icing and

s, the branch

e used within
uit protective

hting element
sel. The load
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31.7 Sizing of branch circuit protection for appliance loads

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

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

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

c) 150 percent of the ampere rating of an appliance rated more than 13.3 amperes and not
marked with a required branch circuit protective device rating.

Exception Nd
comply with

Exception N{
correspond t

31.7.2 For a
on:

a) T
b) 3

c) 3

. 1: An apphance provided with a power supply cord and attachment plug 1s.n
his requirement. See 31.5.1 and 31.5.2.

. 2. Where the branch circuit protective device calculated in accordance with
b a standard size overcurrent device, the next larger size is able ta-be used.

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

ne required branch protection as marked on the appliafice;

| .3.1 or 31.4.1; or

Dt required to

(c) does not

sized based

|.5.1 and 31.5.2 for an appliance provided with a power supply cord and attachhment plug.

31.8 Sizing ¢f branch circuit protection for lighting;loads

31.8.1 The Branch circuit protection of a cireuit supplying standard-duty incandescent la

fluorescent b
wiring.

31.8.2 The f
incandescent
anticipated fi

hllasts shall not exceed 20 amperes and shall not exceed the ampacity of the an

ranch circuit protection-of a circuit supplying lampholders marked "heavy duty

mpholders or
ticipated field

' for use with

or infrared lamps-shall not exceed 50 amperes and shall not exceed the ampacity of the

bld wiring.
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32 Overcurrent Protection of Feeder

32.1 Component requirements

32.1.1 An inverse-time circuit breaker shall comply with 31.1.1.

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

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

to provide ov

ercurrent protection of the feeder.

32.2 Locatio

32.2.1 The ¢vercurrent devices specified in 32.1.1 and 32.1.2 shall be provided in\each

conductor.

Exception:
the field.

32.3 Sizing ¢f overcurrent protection

32.3.1 The s

a T
curre

b) T

33 Load Controllers

33.1 Compo

33.1.1 A log
controller, cd
control contg
load), shall c
508.

33.1.2 Avar
requirements

ize of the overcurrent protection shall not exceed;

ne rating of the largest branch circuit protective.device in the circuit plus the fu
nts of all other motors or other loads in the(group; or

ne ampacity of the conductors or bus:bars on the load side of the overcurrent

hent requirements

d controller, including- a magnetic or manual motor controller, definite py
mbination motorcontroller, reduced voltage starter, and solid-state relay or
ining a solid-state”switching device, such as a triac or SCR, controlling the
bmply with the requirements contained in the Standard for Industrial Control E

able“speed drive, including individual converter and inverter sections, shall co
in‘thé Standard for Power Conversion Equipment, UL 508C.

ungrounded

[his requirement does not apply to units intended to be provided-with overcurrgnt devices in

I-load

Hevice.

rpose motor
controller (a
power circuit
Huipment, UL

mply with the

33.1.3 A motor controller and a mechanical interlocking mechanism used as part of a reversing motor
controller shall additionally comply with the overload and endurance test requirements for reversing
contactors contained in the Standard for Industrial Control Equipment, UL 508.
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33.2 Sizing/rating of load controllers

33.2.1 A load controller, other than specified in 33.2.2 shall:
a) Have a voltage rating not less than the rated voltage of the circuit;
b) Have an ampere rating not less than the sum of the ampere ratings of loads controlled with
horsepower ratings converted to a full-load ampere rating in accordance with Tables 50.1 and

50.2; and

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

Table 33.1
Required controller ratings for various load types

Controller rating Usahle load types
Type Units

ac heater or[resistive ac amperes ac heater loads

dc heater or|resistive dc amperes dc heater loads

ac amperes,|general-purpose or ac amperes ag ‘non-motor-operated appfiance or ac

general-use heater loads, ac power trarjsformer for
non-motor loads

dc amperes,|general-purpose or dc amperes dc non-motor-operated appliance or dc

general-use heater loads

ac tungsten ac amperes or watts ac lighting load, ac heater Ipad

dc tungsten dc amperes or watts dc lighting load, dc heater Ipad

ac definite-pyirpose motor FLA and LRA ac hermetic refrigerant conjpressor

motor, ac non-motor-operafed
appliance, or ac heater loagls
dc definite-pyirpose motor FLA and LRA dc hermetic refrigerant conjpressor
motor, dc non-motor-operafed
appliance, or dc heater loagls
ac motor, Dgsign B, C, or D horsepower ac motor, ac motor-operatejd appliance,
ac non-motor-operated appliance, ac
heater loads, ac fluorescenf ballast
load, ac power transformer|for motor
loads
dc motor horsepower dc motor, dc motor-operated appliance,
dc non-motor-operated appliance, or dc
heater loads

33.2.2 A swifchingr device located on the line side of a variable speed drive and intended tq be operated
under load shalfcomply with 33 2 1 _except the ampere rating shall he based on the input turrent rating
of the variable speed drive. See 33.2.3 for manually-operated switches located on the line side of a
variable speed drive and not intended to be operated under load.

33.2.3 A manually-operated switch located on the line side of a variable speed drive and not intended to
be operated under load shall:

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

b) Have:
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1) An ac voltage rating not less than the rated ac input voltage of the varia
drive; or

ble speed

2) An ac voltage rating multiplied by the square root of 2 or a dc voltage rating that is

not less than the rated dc input voltage of the variable speed drive; and

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

33.3 Location

33.3.1 A load controller marked with the words "break all lines" or having a diagram illustrating a break
all lines configuration shall have contacts in each conductor to the load. Other controllers, not marked

"break all lin
conductors t(

33.4 Revers

33.4.1 A reV
additionally
controllers si

a) E
b) M
33.5 Wye-d

33.5.1 Amo
a locked rotg
33.2, respect
for a contact
correspondin
current. Whe
the full-load

33.3. The m
33.4.

33.5.2 The
mechanically,

es” shall be configured with contacts In one conductor to a single-phase [0d
a three-phase load.

ng motor controllers

ersing motor controller shall consist of two controllers that camply with 33.
multaneously:

ectrically interlocked coils via control circuitry; or

echanically interlocked by a device that complies with 33.1.3.

blta motor controllers

or controller intended to be used in anopen or closed transition wye-delta star
r and full-load current rating not lessthan the "make” and "break” currents sh
ively, for its position in the circuity, as illustrated in Figure 33.1. The rated full-l
or and a motor load ratedin horsepower shall be determined from Table 5
p locked-rotor amperes shall be six times the full-load current rating or rated
h standard size contactorsjare used and motor locked rotor current does not exg

ating, the contactor size and resulting wye-delta motor rating shall be as sped
nimum horsepower-ratings corresponding to standard size contactors are sh

contactor/sequencing shall be as shown in Figure 33.1 with the coils €
interlocked to prohibit simultaneous energization.

d and in two

1.3 and shall

pe provided with one or more of the following means toNprohibit energization of both

er shall have
own in Table
pad amperes
0.1, and the
locked rotor
eed six times
ified in Table
bwn in Table

lectrically or
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Figure 33.1
Contactor sequencing
OPEN-CIRCUIT TRANSITION CLOSED-CIRCUIT TRANSITION
M== M _i_ M _l_
éM —— eM — eM ——
s
S »
WZ,;/S
MOTOR >
® ALTERNATE METHOD ® ALTERNATE METHOD
CONTACTOR SEQUENCE CONTACTOR SEQUENCE
coN- TRAN- CON- TRANSITION
TACTOR| START [sTION |RUN tactor|START [ 2 3 |RWN
1M X X X M X X X X X
EQ X 2M x X
E X 1S X X |
2s X X Ix
sM1261
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Table 33.2

Contactor sizing for wye-delta controller

Contactor designation Required contactor ampere rating
"make"” current, LRA "break” current, FLA
1M 0.33 multiplied by motor LRA 0.577 multiplied by motor FLA
2M 0.577 multiplied by motor LRA 0.577 multiplied by motor FLA
1S No current 0.33 multiplied by motor LRA
2S a a

a Rating of contactor shall be determined based on the impedance provided.

Table 33.3

Horsepower ratings of wye-delta controllers using standard size contactors

Size of Size of contactor 2 3-phase horsepower
controller
M1 and M2 S 60 Hz 60 Hz 50 Hz 60 Hz
200 volts 230 volts 380 volts 460 or 575 volts
1YD 1 1 10 10 15 15
2YD 2 2 20 25 40 40
3YD 3 3 40 50 75 75
4YD 4 4 60 75 150 150
5YD 5 5 150 150 250 300
6YD 6 6 300 350 500 700
7YD 7 6 500 500 800 1000
8YD 8 7 750 800 1000 1500
9YD 9 8 1500 1500 2000 3000
NOTE — For mptors having locked rotor currents greater thaii-6 times the full-load current, use Table 33.2.
a See Table 334 for horsepower ratings corresponding-to standard size contactors.
Table 33.4
Hoprsepower ratings for standard size full-voltage magnetic motor controllers
Size of confroller 3-phase horsepower
60 Hz 60 Hz 50 Hz b0 Hz
200 volts 230 volts 380 volts 460 or %75 volts

1 7-1/2 7-1/2 10 10

2 10 15 25 25

3 25 30 50 50

4 40 56 5 100

5 75 100 150 200

6 150 200 300 400

7 - 300 - 600

8 - 450 - 900

9 - 800 - 1600

NOTE - For motors having locked-rotor currents greater than 6 times the full-load current, use Table 33.2.

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

68

INDUSTRIAL CONTROL PANELS - UL 508A

DECEMBER 25, 2013

33.6 Controllers for multi-speed and part winding motors

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

33.2.1 based

on the full-load current rating of the winding.

33.7 Autotransformer- and resistor-type reduced voltage motor controllers

33.7.1 For an autotransformer- type or resistor-type reduced voltage motor controller shall comply with
the requirements in the Standard for Industrial Control Equipment, UL 508.

34 Overload

Protection of Motor Loads

34.1 Compo

34.1.1 An o
controller wit
combination
Equipment, U

34.1.2 Pows
comply with
power conve
provided with
the motor o\
required, as

34.1.3 Overl

hent requirements

[ integral overload protection, a manual motor starter and an overload-unit of a
motor controller shall comply with the requirements in the Standard for Indu
L 508.

r conversion equipment that includes a solid-state motorcoverload protection
the Standard for Power Conversion Equipment, UL 508C. Instructions prov
Fsion equipment shall indicate the adjustable range.and means for adjustmen

power conversion equipment that is not provided)with a motor overload func
erload function has not been evaluated shall indicate that a separate overlg
Specified in 34.1.1, 34.1.3, or 34.3.4.

pad protection provided by a thermal device integral to the motor shall comply

34.2 Sizing ¢f overload relay

34.2.1 Ano
an ampere tr

34.2.2 An oy
ampere ratin

erload relay with replaceable units shall be capable of receiving a heater eler
p rating that includes 115:percent of the motor full-load amperes.

erload relay with a mechanical or electronic adjustment shall be capable of be
j of 115 percent pf the motor full-load amperes.

erload relay, including a mechanically- or electrically-operated typera-solig-state motor

self-protected
strial Control

function shall
ded with the
. Instructions
ion or where
ad device is

with 34.3.3.

hent that has

ing set at an
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34.3 Location

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

Exception No. 1: Branch circuit protection complying with 34.3.4 is not required to comply with this

requirement.

Exception No. 2: A panel having a field wiring diagram marked in accordance with 60.1 to indicate that

required protection is to be provided in the field is not required to comply with this requirement.

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

34.1.
Table 34.1
Overload units
Kind of motor Supply system Number anthlecation of ovgrload
units, sach as trip coils, relays or
thermal cutouts |2
1 phase ac qr dc Two wire, 1 phase ac or dc ungrounded | One"in either conductor
1 phase ac qr dc Two wire, 1 phase ac or dc one One in ungrounded condudtor
conductor grounded
1 phase ac qr dc Three wire, 1 phase ac or dc, One in either ungrounded qonductor
grounded-neutral
2 phase ac Three wire, 2 phase ac, ungralinded Two, one in each phase
2 phase ac Three wire, 2 phase ac_dne conductor | Two in ungrounded condudgtors
grounded
2 phase ac Four wire, 2 phasetac grounded or Two, one per phase in ungfounded
ungrounded conductors
2 phase ac Five wire, 2 phase ac grounded neutral | Two, one per phase in any[ungrounded
or ungrounded phase wire
3 phase ac Any 3-phase Three, one in each phase
a When using a 3-pole overload relay for d 14phase or 2-phase circuit, manufacturer’s instructions shall be refdrenced for
handling of gdditional poles.
34.3.3 Motoi overload protection provided by a thermal device, such as a thermostat, integrdl to the motor
winding shall have provisjon.for the leads to be connected directly to the ungrounded conductor of the

motor contro
thermal devid

ler coil circuits The industrial control panel shall be marked to indicate the locat
e is intended to be connected into the motor control circuit in accordance with 5

Motor overlo

with 50.4 an

d proteetion provided by a thermal device integral to the motor winding with 1
to the motor [controt circuit shall be indicated by a marking on the industrial control panel i

60.1.

on where the
0.4 and 52.2.
0 connection
 accordance

34.3.4 Branch circuit protection complying with 34.3.2 and sized with not more than 115 percent of the
motor full-load current rating provides required motor overload protection as well as required branch circuit
protection. A marking shall be located next to the fuseholder in accordance with 56.1.
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34.3.5 An intermittent-duty motor that is not able to be operated continuously due to the inclusion of limit
switches or timers is not required to be provided with motor overload protection.

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

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

35 Power Transformers

35.1 Compopent requirements

35.1.1 Ager
Transformer
Transformer9

35.1.2 A dry
General Purf

eral purpose transformer shall comply with the requirements in the Standard fof
5 — Part 1. General Requirements, UL 5085-1, and the_Standard for
— Part 2. General Purpose Transformers, UL 5085-2.

-type general purpose or power transformer shall comply with the Standard
ose and Power Transformers, UL 1561.

35.2 Sizing ¢f overcurrent protection for power transformés

35.2.1 Overq

35.2.1.1 Theg
breaker rated

urrent protection of power transformer primary side only

primary winding shall be provided With a set of branch circuit fuses or an inverg
at not more than Table 35.1.

Table 35.1
Sizing of primary winding only branch circuit protection

Low Voltage
L ow Voltage

for Dry Type

e-time circuit

Powe

transformer primary(current, amperes Rating of branch circuit protection maximum

percentage of primary current

9 ohnmore 1252
2.~ 8.99 167

less than 2 300

a8 Where thg
inverse-timg

calculated size of the branch circuit protection does not correspond to a standard size fuse or no
circuit’breaker, the next larger size is able to be used. See 31.3.8 for standard sizes of branch ci

protection.

hadjustable
cuit

35.2.1.2 The secondary conductors of a power transformer having branch circuit protection located on the

primary side

a) A

only, as in 35.2.1.1, and with:

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

shall be sized with an ampacity in accordance with Table 28.1, not less than the rating of the primary

branch circuit protection multiplied by the primary to secondary transformation ratio. A power transformer,
other than as specified in this requirement, shall comply with 35.2.2.

35.2.2 Overcurrent protection of power transformer primary and secondary

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

multiple secondary windings shall be provided with a set of branch circuit fuses or an inverse-time circuit

breaker for €|

Sizin

pch secondary sized In accordance with Table 35.2.

Table 35.2
g of primary and secondary branch circuit protection of a power transformer

Primary winding Secondary*winding

Rated

amperes Branch circuit protection,
percent of rated amperes

Rated amperes Branch circuit p
percent of rate

otection,
I amperes

9 0o
2
less

+8.99

250 125
250 less than, 9 167
than 2 300 = -

more 9 or mare

=3

a Where the
inverse-time
protection.

alculated size of the branch circuit protection does not corfespond to a standard size fuse or non
ircuit breaker, the next larger size is able to be used. Se&.31.3.8 for standard sizes of branch cirg

hdjustable
uit

35.2.2.2 Ths

a) A
with

b) M
a pa
does|

overcurrent protection provided in the:secondary of the power transformer sh

single set of branch circuit fuses or an inverse-time circuit breaker sized in ac
fable 35.2; or

ore than one set of brarchcircuit fuses or an inverse-time circuit breaker, eac
allel circuit, where the:sum of the ampere ratings of the overcurrent protective
not exceed the maximum specified rating from Table 35.2.

all consist of:

cordance

h supplying
devices

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

72 INDUSTRIAL CONTROL PANELS - UL 508A

DECEMBER 25, 2013

35.3 Location

35.3.1 Branch circuit protection shall be located in each ungrounded conductor of the primary winding or

primary and secondary winding.

Exception:
provided where the upstream primary overcurrent protection provides the required protectio

36 Other Circuit Components

36.1 Capacitors

Individual branch circuit protection, carrying only the primary current, is not required to be

n.

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

36.1.2 Anoi
current (AFC) marking of not less than 5,000 amperes for a motor load ratédtess than 5(
(37.3 kW). The capacitor AFC rating shall be included in the determination of the short ¢
rating of an industrial control panel that is marked in accordance with the requirements in Su

36.1.3 An oililled capacitor connected across-the-line, without other impedances in series,

nply with the
comply with

-filled motor start or run capacitor in series with a motor winding shalbhave an gvailable fault

horsepower
ircuit current
bplement SB.

shall have an

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

included in the determination of the short circuit current rating for an industrial control par
accordance With the requirements in Supplement SB.

36.1.4 An oif-filled capacitor in series with other components shall have an available fault
not less thar) the current obtained by dividing thesrated circuit voltage by the impedance
components.

36.1.5 A dnyftype or an oil-filled capacitar shall have a voltage rating not less than the
voltage.

36.1.6 A dryftype capacitor connected across-the-line, without other impedances in series,
with the Dielgctric Voltage Withstand Test in the Standard for Industrial Control Equipment,

el marked in

current rating
of the other

rated circuit

shall comply
UL 508.
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36.2 Resisto

rs

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

starter, shall

be used within its wattage rating.

36.2.2 When evaluating spacings in Section 10, Spacings, the body of a resistor is an uninsulated live

part.

Exception: A resistor embedded in a metal sheath and mounted to grounded metal that complies with
the Dielectric Voltage Withstand Test in the Standard for Industrial Control Equipment, UL 508, is not
required to be evaluated to this requirement.

36.2.3 Insulg

36.2.4 The
accordance
(percentage)
sized using t

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

bmpacity of conductors to a resistor that is not for continuous duty shall
with Table 28.1 based on the motor full-load current multiplied by, the de
from Table 36.1. Circuits with "on" and "off" times different from those'in Table
ne percent "on" time.

Table 36.1
Conductor rating factor for power resistors

be sized in
rating factor
36.1 shall be

Time, seconds "On" time, percent Ampacity of condluctors in
n off percent of motg¢r full-load
curreft
5 75 6.25 35
10 70 12.50 45
15 75 16.67 55
15 45 25.00 65
15 30 33.33 75
15 15 50.00 85
36.3 Surge ¢ontrol devices

36.3.1 A me
Protective D{

36.3.2 A sur|
Metal Oxide
IEEE C62.1-

tal-oxide varistor(MOV) shall comply with the requirements in the Standg
vices, UL 1449.

pe arrester-of the metal-oxide type shall comply with ANSI/IEEE C62.11-1993,
Surge-Arresters for AC Power Circuits. All other types of surge arresters shal
| 994, Standard for Gapped Silicon-Carbide Surge Arresters for AC Power Circ

rd for Surge

Standard for
comply with
Lits.

36.3.3 Ther

ated voltage of the MOV or surge arrester shall not be 1ess than the rated circuit voltage.

36.3.4 Where provided, a surge arrester shall be connected to each ungrounded conductor. The
conductors used to connect the surge arrester to line and to ground shall not be longer than required and
shall not have more bends than required by the construction. Line and ground connecting conductors to
a surge arrester shall not be smaller than 14 AWG (2.1 mm?).
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36.3.5 A surge arrestor or a transient voltage surge suppressor marked with a slash voltage rating shall
only be used in a circuit where the source is solidly grounded as noted in 16.3 when voltage is from
transformer or power supply provided within the industrial control panel, or by marking the slash voltage
rating on the industrial control panel nameplate in accordance with 49.6(a), as appropriate. A surge
arrestor or transient voltage surge suppressor marked for use on a delta system, such as "600V delta”,
can be used on either a wye or a delta system.

CONTROL CIRCUITS
37 Field Wiring Terminals

37.1 Component requirements

37.1.1 A fiel

Exception:
this requirent

37.2 Sizing

37.2.1 Ther
mm?) condu
protective de
of the secon
connections.

Exception:

| wiring terminal for connection to a control circuit shall comply with 28.2,1h"2

\ terminal that complies with 37.4.1 or the Exception to 37.3.1 is not required t
ent.

bquired size of a field wiring terminal for a control circuit Shall not be less than
tor minimum and shall be determined by the amperé rating of the upstrean
vice outside the panel, at the input terminals inside the’ panel for power input, of
Hary winding of a control transformer or overcufrent protection inside the pang

The required size of a field wiring terminal rated for 10 amperes or less sha

8.2.3.

b comply with

14 AWG (2.1
h overcurrent
on the rating
| for all other

comply with

Table 37.1. Where Table 37.1 specifies use of asmarking, the field wiring diagram shall be marked to
indicate the nequired size of field wiring (see 54:9).
Table 37.1
Ampacities of field wiring.conductors smaller than 14 AWG (2.1 mm 2)
Maximum gontrol circuit Minimum terminal wire range Marking required
terminal amppcity, amperes AWG (mm?)
10 16 (1.3) yes
10 16 — 14 (1.3-2.1) no
7 18 (0.82) yes
7 18— 14 (0.82 —2.1) no
5 20 - 18 (0.52 - 0.82) yeq
5 20—1t4 {6-52—="2-1) o
3 22-18 (0.32 — 0.82) yes
3 22 - 14 (0.32 -2.1) no
2 24 - 18 (0.20 — 0.82) yes
2 24 - 14 (0.20 — 2.1) no
1 26 - 18 (0.13 — 0.82) yes
1 26 — 14 (0.13 - 2.1) no
0.8 28 - 18 (0.08 - 0.82) yes
0.8 28 - 14 (0.08 — 2.1) no
0.5 30-18 (0.05 - 0.82) yes
0.5 30 — 14 (0.05 —2.1) no
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37.3 Field wiring terminals of a low-voltage limited energy circuit

37.3.1 A terminal for a field wiring connection to a low-voltage limited energy circuit that is not segregated
from other circuits as in 37.5.1 shall comply with 37.1 and 37.2 and shall be marked to use Class 1 wiring
for these circuits as indicated in 54.6.

Exception: A field wiring terminal for a low-voltage limited energy circuit that is segregated from other
Class 1 and power circuit terminals and also from Class 2 circuit terminals is not required to comply with
37.1 and 37.2.

37.4 Field wiring terminals of Class 2 circuits

37.4.1 A terr
37.2. Such &
marked to us
37.5 Separa
37.5.1 A fiel
low-voltage |
28.4.2.

37.6 Recept
37.6.1 Rece

Exception: 4
is not require

37.7 Flexible
37.7.1 A cor

Exception: 4
to comply wi

hinal for a field wiring connection to a Class 2 circuit Is not required to comply
terminal shall comply with the segregation of circuits requirements in 370571
e Class 2 wiring for these circuits as specified in 54.7.

ion of circuits

mited energy circuit that does not comply with 37.1 and 372 shall comply wi

hcles
ptacles for field wiring connection of a controlgircuit shall comply with 28.6.

\ receptacle intended for connection to a‘€lass 2 circuit or a low-voltage limited-
d to comply with this requirement.

cords
H for field wiring connectign‘of a control circuit shall comply with 28.5.

\ cord for connection.to-a Class 2 circuit or a low-voltage limited-energy circuit i
h this requirement:

vith 37.1 and
and shall be

I wiring terminal intended to be connected to a Class 2 circuit.and field wiring ferminals of a

h 28.4.1 and

energy circuit

5 not required
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38 Internal Wiring

38.1 Component requirements

38.1.1 Internal wiring of a control circuit shall comply with 29.1.1, 29.1.2, and one of the following:

a) As specified in 29.2.1, except for conductors 16 AWG (1.3 mm?2) or smaller, the minimum

temp

erature rating shall be 60°C (140°F);

b) Requirements for power limited cable in the Standard for Power-Limited Circuit Cables, UL
13, for use in Class 2 or low-voltage limited energy circuits only and where separated from
internal wiring of other circuits as specified in 29.5; or

c) R
for u
wirin

bquirements for communication cable in the Standard for Communications!Cal
be in Class 2 or low-voltage limited energy circuits only and where separated f
j of other circuits as specified in 29.5.

38.2 Sizing ¢f internal control circuit conductors

38.2.1 Ther

a) T
seco

b) D

bquired size of internal wiring in a control circuit shall be determined by:

ne ampere rating of overcurrent protection for the conttol circuit or the ampere
hdary of a transformer or power supply; and

etermining the minimum wire size corresponding to the required ampacity base

1) Table 28.1; or

les, UL 444,
rom internal

rating of the

ed on:

2) Table 38.1.
Table 38.1
Ampacities of control circuit conductors
Anpacity, amperes Conductor size

AWG (mm?)
10 16 (1.3)
7 18 (0.82)
5 20P (0.52)
3 22b (0.32)
2 24b (0.20)
T 262 {0-13)
0.8 28ab (0.08)
0.5 30a b (0.05)

a8 Where these conductors are contained in a jacketed multi-conductor cable assembly.

b These sizes of conductors are only for connection of control circuits for electronic programmable input/output and static
control (having no moving parts).
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38.3 Wiring methods, wire routing, and separation of circuits for internal wiring of a control

circuit

38.3.1 Internal wiring of a control circuit shall comply with 29.3, 29.4, and 29.5.

39 Disconne

cting Means

39.1 A control circuit intended to be supplied from a separate source shall be provided with a
disconnecting means that complies with Section 30, Disconnect Switches.

40 Overcurrent Protection

40.1 Compo

40.1.1 A brg
31.1.1.

40.1.2 A mig
Part 14: Sup

40.1.3 An

hent requirements

nch circuit fuse shall comply with 31.1.2 or an inverse-time circuit breaker cq

cellaneous or miniature type fuse shall comply with the Standdrd-for Low-Vol
blemental Fuses, UL 248-14.

bvercurrent trip-type supplementary protector shallhcomply with the S

Supplementdry Protectors for Use in Electrical Equipment, UL 10%77. A supplementary prg

connected to|
be additional

40.1.4 A fus
4248-1, and

40.1.5 Wher|
supplementa
accordance
circuit voltag

40.2 Locatio

40.2.1 A brg
conductor to

Exception:
protective dg

the load side of a branch circuit protective device/(net in an isolated secondary
y evaluated as to its performance under fault conditions.

bholder shall comply with the Standard for Ruseholders — Part 1: General Reqy
he applicable Part from the UL 4248 sefies.

b a branch circuit fuse, inverse-time circuit breaker, miscellaneous or miniature
protector is applied in a dc circuit with a voltage above 32 V, it must be
vith the appropriate product standard to have a dc voltage rating equal to or gre

b

h of overcurrent protective devices

nch circuit protective device complying with 40.1.1 shall be installed in each
a control circuit that is supplied from a separate source voltage (not an isolate

An industrial control panel intended to be connected to the load side of a |
vice installed in the field shall be marked with the required size and type of

protection sij

mplying with

age Fuses —

btandard for
tector that is
circuit) shall

irements, UL

type fuse, or
evaluated in
ater than the

ungrounded
| secondary).

branch circuit
branch circuit

ed\in"accordance with 40.3.1. See 60.2 for marking.

40.2.2 An overcurrent protective device, either branch circuit or supplementary type, shall be installed in
each ungrounded conductor of the control circuit on the load side of the branch circuit protection in the
power circuit or as specified in 40.2.1 to protect smaller tap conductors where they receive their supply
and sized in accordance with 40.3.2.
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40.3 Sizing of overcurrent protection

40.3.1 Branch circuit protective devices provided in accordance with 40.2.1 shall not be rated more than

20 amperes.

40.3.2 Overcurrent protection shall be sized based on:

a) The ampacity of the control circuit conductor;

b) The source of the control circuit voltage in accordance with Section 41, Sizing of Overcurrent
Protection — Control Circuits (Common), Section 42, Overcurrent Protection — Control Circuits
(Isolated Secondary), Section 43, Low-Voltage Limited Energy Circuits, or Section 44, Class 2

Circd
c) A

40.3.3 Addit
ampacity les
provided with

Exception Nd
with a protg
overcurrent [

Exception N¢
of 12 inches|
external to th

40.3.4 A fus

its; or
component requirement, as specified in 40.3.3.

onal overcurrent protective devices shall be provided to protecthconducto
5 than required in 38.2.1(a) and individual components or circits’ according
the component.

. 1. A component, such as an output module of a programimable controller, whiq
ctive device that complies with 40.3.2, is not required to be provided wi
rotective devices.

. 2: Direct leads, such as leads integrally attached to a component, measuring
(305 mm) long or printed wiring board_a§semblies of components having n
e industrial control panel do not require ‘additional overcurrent protection.

eholder shall be sized to accept_a-fuse sized in accordance with 40.3.1 o

fuseholder shall be marked with the replacement fuse marking of 56.1.

Exception:
rating is not

40.3.5 A ge|
a) H
b) B

The receptad

A fuseholder for a branch:circuit fuse that does not accept a fuse having a g
[equired to be marked with a fuse replacement marking.

eral-use receptaeleprovided in a control circuit shall:
pve overcurrént protection not exceeding the rating of the receptacle; and
b restric¢ted to use with programming and diagnostic devices.

le shall be marked in accordance with 59.3.

s having an
to instruction

th is provided
th additional

) @ maximum
0 connection

40.3.2. The

eater current

40.3.6 The overcurrent protection provided by a supplementary protector shall be sized as specified in
40.3.2 based on the tripping current designated on the manufacturer’s trip curve for the device. The rated
current to be carried by the supplementary protector shall not exceed the nominal ampere rating of the

device.
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41 Sizing of Overcurrent Protection — Control Circuits (Common)

41.1 The conductors of a control circuit tapped off the load side of the branch circuit protective device
shall have overcurrent protection sized in accordance with the ampacity of the control circuit conductor as
specified in Table 28.1 and Table 38.1.

Exception No. 1: When the control circuit is tapped off a motor branch circuit protective device and the
control wires do not leave the industrial control panel enclosure (such as when a start-stop button is
provided on the enclosure cover) the motor branch circuit protective device provides the required
overcurrent protection when its rating does not exceed that specified in Table 41.1.

Exception No. 2: When the control circuit is tapped off a motor branch circuit protective device and the
control wireq leave the industrial control panel enclosure (such as when a start-stop. Qutton is field
connected a$ a remote control device) the motor branch circuit protective device provideg the required
protection when its rating does not exceed that specified in Table 41.2.

Table 41.1
Motor br@nch circuit protection of common control circuit without remote €@ntrol devices

Control circuit wire size Maximum protective device frating,
amperes
AWG (mm?)
22 (0.32) 12
20 (0.52) 20
18 (0.82) 25
16 (1.3) 40
14 (2.1) 100
12 (3:3) 120
Table 41.2

Motor Branch circuit protection of common control circuit with remote control devices

Control circuit'wire size Maximum protective device Jrating,
amperes
AWG (mm?2)
22 (0.32) 3
20 (0.52) 5
18 (0.82) 7
16 (1.3) 10
14 (2.1) 45
12 (3.3) 60
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42 Overcurrent Protection — Control Circuits (Isolated Secondary)

42.1 Control

transformers

42.1.1 Component requirements

42.1.1.1 A control transformer shall comply with the Standard for Low Voltage Transformers — Part 1:
General Requirements, UL 5085-1 and the Standard for Low Voltage Transformers — Part 2: General
Purpose Transformers, UL 5085-2, or the Standard for Dry-Type General Purpose and Power
Transformers, UL 1561.

42.1.2 Sizing of overcurrent protection of primary side only

42.1.2.1 Thg
current, rateg

Exception:
where the ug

4

S

primary winding shall have individual overcurrent protection, carrying lenly
not more than specified in Table 42.1.

ndividual overcurrent protection, carrying only the transformer primary current, i
stream primary overcurrent protection provides the required protection.

Table 42.1
ing of primary winding only overcurrent protection of a control transformer

the primary

5 not required

Contrd

| transformer primary current, amperes Rating of overcurrent protection, maximum percent;

of primary current

hge

9 or more 1252
2 -8.99 167

less than 2 500

a8 Where thg

protection.

calculated size of the overcurrent protection, lranch circuit or supplementary type, does not corrg

standard siZe protective device, the next larger size is_able’to be used. See 31.3.8 for standard sizes of brang

spond to a
h circuit

42.1.2.2 The
primary side
with an amp
primary side
transformer,
specified in 4

only, as described in 4271:2.1, and with a two-wire single voltage secondary 9
Acity in accordance with Table 28.1 or Table 38.1, that is not less than the
protective device smultiplied by the primary to secondary transformation ra
pbther than as neted in this requirement, shall require the secondary side to be
2.1.3.

secondary conductors of accontrol transformer having overcurrent protection I¢cated on the

hall be sized
rating of the
io. A control
protected as
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42.1.3 Sizing of overcurrent protection of primary and secondary

42.1.3.1 Individual overcurrent protection on both the primary and secondary sides of a control
transformer shall be sized in accordance with Table 42.2. A control transformer with multiple secondary
windings shall have overcurrent protection in each secondary that is sized in accordance with Table 42.2.

Exception: Individual primary winding overcurrent protection, carrying only the primary winding current of

the transformer, shall not be required when the upstream overcurrent protective device provides the
required protection.

Table 42.2

Sizing of primary and secondary overcurrent protection of a control transformer

Primary winding Secondary winding

Rated

lamperes Overcurrent protection
percent of rated amperes

Rated amperes Overcurrent p
pefeent of rate

lotection
amperes

90
2
lesq

+8.99

250 9 or more 125
250 less than 9 167
than 2 500 - -

more

=3

a8 Where the
standard size]
protection.

alculated size of the overcurrent protection, branch circuit or supplementary“type, does not corres
protective device, the next larger size is able to be used. See 31.3.8 fon standard sizes of branch|

pond to a
circuit

42.1.3.2 The
a) A

b) M
exce

42.2 Power
42.2.1 Comy
42211 Ap
power supply

Standard for

42212 Ab

for Power Units Qther Than Class 2, UL 1012, or the Standard for Electrically Isolated S

Devices, UL

overcurrent protection provided in the secondary ‘6f the control transformer sh
single set of overcurrent protective devices-specified in Table 42.2; or

ore than one overcurrent protective device, where the sum of the ampere ratin
ed the maximum allowable rating from Table 42.2.

supplies

onent requirements

bwer supply having:an integral isolation transformer, including a linear or swit
, shall comply-with the Standard for Power Units Other Than Class 2, UL
Information Technology Equipment - Safety - Part 1: General Requirements, U

fidge rectifier that is mounted to a grounded metal heat sink shall comply with

1557,

all consist of:

gs does not

h mode type
1012, or the
L 60950-1.

the Standard
Pmiconductor
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42.2.2 Enclosure requirements

42.2.2.1 A power supply shall be installed in a non-ventilated enclosure, a ventilated enclosure where the
ventilation is not fan-forced, or a fan-forced ventilated enclosure provided with filters over the ventilation

openings.

Exception:

A power supply that is encapsulated, in a hermetically sealed case, or provided with a

non-ventilated housing, except for the terminals, is not required to comply with this requirement.

42.2.3 Sizing of power supply

42.2.3.1 A power supply or bridge rectifier shall be loaded at not more than 50 percent of the ampere

rating of thetﬁewce. Where the power supply has multiple secondaries, each secondary sh

at not more

Exception N(
for loading td

Exception N(

an 50 percent of the secondary ampere rating.

. 1: An enclosed power supply having provisions for connection to conduit is al
100 percent of the ampere rating of the power supply.

. 2: A power supply that complies with the Temperature Test in the Standard

Control Equipment, UL 508, is able to be used for loading to 100 percent ofthe ampere rating

supply.

42.2.3.2 Wh
exceeds the
connection tg
accordance

42233 A's
based on the

42.3 Other i

42.3.1 Isolat
for Industrial
including the
required to b
circuits shall
fuse rating o

bre the sum of the ampere ratings of all connected Yeads within the industrial
maximum load current specified in 42.2.3.1\0r where the secondary is
external loads, each secondary circuit shall e’protected by an overcurrent dg
vith 42.2.3.1. The fuseholder shall be markéd with the fuse replacement marki

econdary conductor shall have an ampacity in accordance with Table 28.1 o
secondary fuse rating or the rated\eurrent of the power supply secondary.

olated secondary sources

bd secondary circuits that)comply with the secondary circuits requirements in
Control Equipment,«UL: 508, or the Standard for Power Conversion Equipme]
secondary circuit,;of a programmable controller or power conversion equi

b provided with additional overcurrent protection. Conductors connected to the
have an ampacity in accordance with Table 28.1 and Table 38.1, based on t
the rated cirrent of the power supply secondary.

all be loaded

le to be used

for Industrial
of the power

control panel
intended for
bvice sized in
g of 56.1.

I Table 38.1,

the Standard
nt, UL 508C,
ment, is not
5e secondary
he secondary
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43 Low-Voltage Limited Energy Circuits

43.1 Component requirements

43.1.1 A low-voltage limited energy circuit shall comply with 43.1.2 and 43.1.3 and shall be supplied from
one of the following isolated secondary sources:

a) A

b) A

control transformer that complies with 42.1;

power supply that complies with 42.2;

c) An isolated secondary source that complies with 42.3;

d) A
e) A
f) A

Gene
Gene

g) A

43.1.2 A low
Vac rms (42.

43.1.3 A low
Table 43.1.

Exception Nd
for Secondar]
with this reqd

Exception N

lithium battery that complies with the Standard for Lithium Batteries,sUL"1642;
current transformer that complies with the Standard for Low Voltage Transforni
ral Requirements, UL 5085-1, and the Standard for Low Voltage Transformers
ral Purpose Transformers, UL 5085-2; or

current transformer with a 5-ampere secondary winding.

-voltage limited energy circuit shall have a maximum open-circuit secondary
1 VVdc or peak).

-voltage limited energy circuit shall have*an overcurrent protection sized in acq
. 1: A secondary circuit that complies with the Limited Voltage/Current Circuit
y Circuits in the Standard for. Industrial Control Equipment, UL 508, is not requi

irement.

. 2: A current transformer is not required to comply with this requirement.

sealed battery that complies with the Standard for Standby Batteries, UL_1989;

ers — Part 1:

— Part 2:

voltage of 30

ordance with

Requirements
red to comply
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Table 43.1
Overcurrent protection for a low-voltage limited energy circuit

Open-circuit secondary voltage, volts (peak)

Maximum overcurrent device, amperes

0-20 5
20.1 - 42.4 100/v@

a Where "V"

is equal to the peak or dc open-circuit secondary voltage.

43.2 Secondary side requirements

43.2.1 Components and wiring located entirely within the low-voltage limited energy circuit are not
required to be investigated.

43.2.2 Intern
with conduct

43.2.3 Field
44 Class 2 (

44.1 Compo

44.1.1 A Class 2 transformer shall comply with the requirements in the Standard for

Transformer
Transformers
transformer
manufacturef

44.1.2 A Cld
UL 1310.

44.1.3 For th

44.1.4 A lim
Information T]

al wiring shall comply with the separation of circuits requirements of 29.5.and,
prs of other circuits, shall comply with 38.1.

wiring terminals of a low-voltage limited energy circuit shall complywith 37.3.1],

Lircuits

hent requirements

5 — Part 1. General Requirements, UL 5085-1, and the Standard for
— Part 3: Class 2 and Class 3 Transformers,~UL 5085-3. A not inherently lin
Shall be provided with additional overcurtent protective devices in accorda

's instructions for the component.

Ss 2 power unit shall comply with the requirements in the Standard for Class 2

e purposes of evaluating~a.eircuit, a thermocouple is a Class 2 circuit.

ted energy circuit for information technology equipment shall comply with the
echnology Equipment - Safety - Part 1. General Requirements, UL 60950-1.

where routed

Low Voltage
L ow Voltage
hited Class 2
nce with the

Power Units,

Standard for
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44.2 Secondary side requirements

44.2.1 Components and internal wiring located entirely within a Class 2 circuit are not required to be

investigated.

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

with conductors of other circuits, shall comply with 38.1.

44.2.3 Field

wiring terminals shall comply with 37.4.1.

45 Switching Devices

45.1 Compo
45.1.1 Switc

a) A
contd
with

indug

b) A
Stan
Part

c) A
Oper

d A
Tem
Auto
6073
requ

e) A
prod

hent requirements
hing components of control circuit devices shall comply with one of thefollowin

h overload relay contact, pushbutton, plug-in dry-contact relay and.relay socke
\ct, time-delay relay, and solid-state relay or timer, or programmable controller
he Standard for Industrial Control Equipment, UL 508, and shall be intended f
trial use;

jard for Special-Use Switches, UL 1054, or the Standard for Switches for Appl
1. General Requirements, UL 61058-1;

clock-operated switch, such as a 24-hour timer, shall comply with the Standar
ated Switches, UL 917,

temperature controller shall comply with the requirements in the Standard for
perature-Indicating and -Regulating Equipment, UL 873. Compliance with the S
matic Electrical Controls for Household and Similar Use, Part 1: General Requ
0-1, and/or the applicable:Part 2 standard from the UL 60730 series fulfills the
rements; or

process temperature controller shall comply with the applicable requirements
ict.

UL 1054 will be withdrawn on June 23, 2015

g:

L, auxiliary
shall comply
br general

snap or special-use switch, including a rocker, togglexor pushbutton, shall comply with the

ances —

0 for Clock-

tandard for
rements, UL
5e

or the
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45.2 Sizing/ratings of control circuit switching devices
45.2.1 A switching device shall have:
a) A voltage rating not less than the rated load;
b) An ampere rating not less than the sum of the ampere ratings of the loads controlled; and

c) A rating corresponding to the type of load controlled, as specified in Table 45.1.

Table 45.1
Required controller ratings for various load types
Controller rating Control circuit load types Sizing
Type Units
ac rpsistive ac amperes ac control transformer, power |.bpito 10 perceft of ampere
supply, solid-state circuit rating
device, pilot lamp or LED,
annunciator or buzzer
ac geferal-use ac amperes ac non-motor-operated up to 100 percent of ampere
device-controlled trahsformer, rating
power supply, a€ solid-state
circuit deviceyac’pilot lamp or
LED, ac annunciator or
buzzer
ac geperal-use ac amperes solenoid, valve, relay coil up to 10 percent of ampere
rating
dc geperal-use dc amperes dc non-motor operated up to 100 percegnt of ampere
device, dc solid-state circuit rating
device, dc pilot lamp or LED
ac p|lot duty contact rating code, ac relay or contactor coil, VA rating per|Table 45.2
"light duty,” control transformer, 125 YA
"standard-duty,"” solid-state circuit device, 360 YA
"heawy duty,” pilot lamp or LED, 720 YA
horsepower annunciator or buzzer VA rating per|Table 45.4
dc pllot duty contact rating code dc relay or contactor coil VA rating per|Table 45.3

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

DECEMBER 25, 2013 INDUSTRIAL CONTROL PANELS - UL 508A 87
Table 45.2
Rating codes for ac control circuit contacts at 50 and 60 hz
Contact Thermal Maximum current, amperes b ¢ Maximum volt-
rating code | continuous amperes
designation 2 test 120 volts 240 volts 480 volts 600 volts
current, Make | Break Make Break Make Break Make Break Make Break
amperes
A150 10 60 6.0 — - - - - - 7200 720
A300 10 60 6.0 30 3.0 - - - - 7200 720
AB00 10 60 6.0 30 3.0 15 15 12 1.2 7200 720
B150 5 30 3.0 - - - - - - 3600 360
B300 5 30 3.0 15 15 - - - - 3600 360
B600 5 30 3.0 15 15 7.5 0.75 6 0.6Q 3600 360
C150 25 15 15 - - - - - - 1800 180
C300 2.5 15 15 7.5 0.75 - - - - 1800 180
C600 2.5 15 1.5 7.5 0.75 3.75 0.375 3.0 0.30 1800 180
D150 1.3 3.6 0.60 - - - — =~ - 432 72
D300 1.0 3.6 0.60 1.8 0.30 - - - - 432 72
E150 0.5 1.8 0.30 - - - - - - 216 36

and 150 respe

the application

a The numericgl suffix designates the maximum voltage design values, which shall-be 600, 300, 150 volts for suffixes 600, 300,
tively.
bFor maximum|ratings at voltages between the maximum design value and 120 Volts, the maximum make and break ratings are
to be obtained py dividing the volt-amperes rating by the application voltage. For voltages below 120 volts, the maximum make

current is to be] the same as for 120 volts, and the maximum break curtentyis to be obtained by dividing the breal
oltage, but these currents are not to exceed the therpal continuous test current.

cPower factor (.35 or less.

volt-amperes by

Contact rating codes for dc control circuit contacts

Table 45.3

Contact rating Thermal Maximum make or break current, amperes b ¢ Majimum make or
code designatipn 2 | continuous test br¢ak VA at 300
current, amperes 125 volts 250 volts 301 to 600 volts olts or less
N150 10 2.2 - - 275
N300 10 2.2 11 - 275
N600 10 2.2 11 0.40 275
P150 50 11 - - 138
P300 5.0 11 0.55 - 138
P600 5.0 1.1 0.55 0.20 138
Q150 25 0.55 - - 69
Q300 25 Q.55 027 69
Q600 25 0.55 0.27 0.10 69
R150 1.0 0.22 - - 28
R300 1.0 0.22 0.11 - 28
@ The numerical suffix designates the maximum voltage design values which are to be 600, 300, and 150 volts for suffixes 600,
300, and 150, respectively.
b For maximum ratings at 300 volts or less, the maximum make and break ratings are to be obtained by dividing the volt-ampere
rating by the application voltage, but the current values are not to exceed the thermal continuous test current.
¢ Inductive loads for control circuits specified in Section 46
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Table 45.4
Conversion of horsepower to VA load ratings

Switch rating, horsepower Corresponding volt-ampere rating, VA
1/10 144
1/8 182
1/6 211
1/4 278
1/3 345
1/2 470
3/4 662

45.3 Locatio
45.3.1 All co

Exception Nd
when the wir

Exception N(
does not ext

Exception N{
sides of the

Exception Nd
comply.

Exception N
comply.

Exception N

Exception N
protection is

ntrol circuit contacts shall be arranged to open the ungrounded conductor to th

. 1: Electrical interlock contacts on multi-speed motor controllers-are not requi
ing to these contacts does not extend beyond the control enclosure.

. 2: Overload relay contacts are not required to comply-when the wiring to th
bnd beyond the control enclosure.

. 3: Contacts of multi-pole control circuit switching devices that simultaneoud
bontrol circuit are not required to comply.

. 4: Ground test switching device contacts in ungrounded control circuits are n

D. 5: Solenoid test switching ‘device contacts in ungrounded circuits are ng

e coil.

red to comply

ese contacts

ly open both

pt required to

t required to

. 6: Coils or contacts used in electronic control circuits are not required to comply.

. 7. "Run" pushbuttons for two hand operating are not required to comply whe
brovided in each’/conductor.

1 overcurrent
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45.4 Undervoltage protection

45.4.1 The control circuitry shall be arranged such that operation of motors or motor-operated appliances
is not automatically re-started upon the return of power after an undervoltage condition, power failure, or
motor overload relay cycling. The circuit shall directly control the motor controller, such as a three-wire
momentary push to start circuit. The use of programmable components shall be permitted to be used as
part of this circuit, when the operation provides equivalent protection.

Exception No. 1: Blower motors are not required to comply when moving parts are fully guarded.

Exception No. 2: Pump applications are not required to comply.

Exception N@. 3: Lighting circuit applications are not required to comply.
46 Loads
46.1 Compopent requirements

46.1.1 A control circuit load shall comply with the following:

a) Alpilot light shall comply with the Standard for Industrial, Control Equipment, UL 508, and a
miscgllaneous lampholder shall comply with the Standard-fgr Lampholders, UL 496

b) Ah electrically-operated valve shall comply with the Standard for Electrically Opérated
Valves, UL 429;

c) Alsolenoid shall be evaluated for the intended use;

d) Altime-indicating or time-recording device, including an hourmeter, or a synchrohous motor
shall{comply with the Standard for Time-Indicating and -Recording Appliances, UL $63;

e) Ap electrically operated counter shall comply with the Standard for Time-Indicatihg and
-Recprding Appliances, UL 863;

f) An audible signal apgliance, including a horn, bell, or buzzer, shall comply with the Standard
for Audible Signal Appliances, UL 464; and

g) Alcoil or input-circuit to another control circuit switching device or to a load contfoller shall
comply with (other component requirements in this standard.
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46.2 Location

46.2.1 All operating coils of electro-mechanical devices and indicator lamps, including the transformer
primary winding of an indicator lamp, shall be directly connected to the grounded side of the control circuit.

Exception: A switching device that is provided within the industrial control panel as specified in the
exceptions to 45.3.1 is able to be located between the coil and the grounded side of the control circuit.

46.3 Rating of control circuit load

46.3.1 The rating of a control circuit load, other than those specified in 46.3.2 or 46.3.3, shall be
determined from the ampere, volt-ampere, or wattage rating of the device.

46.3.2 The Jolt-ampere rating of a coil of an electro-mechanical relay or contactor shalhbe
a) Ap marked on the coil; or
b) Ap specified in Table 46.1 when the coil is unmarked.

46.3.3 The rpting of a control circuit load that is intended to be field connected to the indystrial control
panel shall bg:

a) Ap specified in Table 46.1 for each relay or contactoy eoll;
b) 30 volt-amperes for each load described in 46:2 other than a relay or starter cpil; or
c) Rpting marked on the field wiring diagram*as in 51.1 and 52.2.

Table 46.1
Relay arcontactor coil ratings

Relay or coptactor maximum ampere rating of.contacts Coil, VA
10 30
30 30
50 75
106 100
150 100
300 125
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47 Miscellan

eous Devices

47.1 Surge control devices

47.1.1 A transient voltage surge suppressor, such as a metal-oxide varistor (MOV), shall comply with the

Standard for

Surge Protective Devices, UL 1449.

47.1.2 An electromagnetic interference filter, such as an EMI, RFlI, or line filter, shall comply with the

Standard for

Electromagnetic Interference Filters, UL 1283.

47.1.3 A dry-type capacitor that is placed across the line, without other impedances in series, shall
comply with the Dielectric Voltage Withstand Test in the Standard for Industrial Control Equipment, UL

508.

47.1.4 A caj
interference

interference

connected lo

47.2 Resisto

47.2.1 Ares

acitor, an axial lead diode, a transient voltage surge suppressor, andhan ele
ilter shall have a rated voltage not less than the rated circuit voltage. An elg
ilter shall have a current rating that is not less than the sum of.the current
hds or not less than the ampacity of the internal wiring conducters:

s

47.2.2 A potentiometer or thumbwheel shall not be accessible*from outside the industrial

enclosure un
48 Pneumat
48.1 A pneu
shall comply
Equipment, U
48.2 A pneu
RATING

49 Supply R

49.1 The inf
full-load amp

ess it is connected to an isolated secondary‘cCircuit rated not more than 30 V3§
c Switching Devices

matic control circuit switching device\operating at pressures greater than 300 p
with the requirements for pressure-operated switches in the Standard for Indy

L 508.

Matic control circuit shall_ operate on compressed air.

ptings

ut terminals intended to be connected to each source of supply shall be rated

number of ph

stor, including a potentiometer or thumbwheel, shall-Comply with 36.2.1 — 36.2.

ctromagnetic
ctromagnetic
ratings of all

3.

control panel
C (42.4 Vdc).

51 (2.07 MPa)
strial Control

in volts, total

eres,“ampere or horsepower rating of the largest motor (when multiple loads are controlled),

ases’when other than single phase, and the frequency.

49.2 The full-load ampere rating of the panel shall, at a minimum, include the sum of the ampere ratings
of all loads that are able to be operated simultaneously plus the primary ampere rating of all control

transformers

connected to the input voltage.
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49.3 The largest motor rating shall be determined based upon the full-load current rating of the motor at
the source voltage.

49.4 The full-load current of a motor connected to the secondary side of a power transformer and
operating at a voltage different from the source voltage shall be determined based upon the full-load
current rating of the motor divided by the primary to secondary transformation ratio.

49.5 Each set of input terminals in 49.1 supplying a power circuit shall have a short circuit current rating.
The short circuit current rating shall be determined based upon the requirements in Supplement SB.

49.6 The voltage rating of an industrial control panel shall not exceed the voltage rating of any component
connected to the source of supply. When an industrial control panel contains components marked with a
slash voltagd rating, such as 120/240, 480Y/277, or 600Y/347, the voltage rating of the indstrial control

panel shall be:

a) The complete slash voltage rating, when intended for connection to the;higher vpltage; or

b) Npt more than the lower voltage rating.
50 Individual Load Ratings
50.1 The oufput terminals to each individual external motor load-shall be rated in volts and amperes, or
volts and hofsepower. When an output is rated in horsepower;‘the output circuit of the pgnel shall be
evaluated based on the FLA rating from Table 50.1 and Table' 50.2. The output terminalq to individual

windings of & multi-speed motor or a part winding motor>shall comply with this requirement for each
individual winding.
Table 50.1

Full-load mptor-running currents in amperes corresponding to various a-c horsepower ratings
Horse 110 - 120 200 Volts 208 \olts 220 - 240 380 - 415 440 - 480 550 — 600
power olts Volts @ Volts Volts Volts

Singlg | Three | Single | Three .| Single | Three | Single | Three | Single | Three | Single | Threq | Single | Three

phasq | phase | phase | phase, | phase | phase | phase | phase | phase | phase | phase | phasg | phase | phase
1/10 3.0 - - b - - 15 - 1.0 - - - - -
1/8 3.8 - - - - - 1.9 - 1.2 - - - - -
1/6 4.4 - 25 - 2.4 - 2.2 - 1.4 - - - - -
1/4 5.8 - 3.3 - 3.2 - 2.9 - 1.8 - - - - -
1/3 7.2 < 4.1 - 4.0 - 3.6 - 23 - - - - -
112 9.8 4.4 5.6 25 5.4 2.4 4.9 2.2 3.2 1.3 25 1.1 2.0 0.9
3/4 13.8 6.4 7.9 37 7.6 35 6.9 3.2 45 1.8 35 16 2.8 1.3
1 16.0 8.4 9.2 4.8 8.8 4.6 8.0 4.2 5.1 23 4.0 2.1 3.2 1.7
1-1/2 200 | 120 | 115 6.9 11.0 6.6 10.0 6.0 6.4 3.3 5.0 3.0 4.0 2.4
2 240 | 136 | 138 7.8 13.2 7.5 12.0 6.8 7.7 4.3 6.0 3.4 4.8 2.7
3 340 | 192 | 196 | 110 | 187 | 106 | 17.0 9.6 10.9 6.1 8.5 4.8 6.8 3.9
5 56.0 | 304 | 322 | 175 | 308 | 16.7 | 28.0 | 152 | 179 9.7 14.0 7.6 11.2 6.1
7-1/2 80.0 | 440 | 46.0 | 253 | 440 | 242 | 400 | 220 | 27.0 | 140 | 210 | 11.0 | 16.0 9.0
10 100.0 | 56.0 | 575 | 322 | 550 | 30.8 | 50.0 | 280 | 33.0 | 180 | 26.0 | 140 | 200 | 11.0
15 135.0 | 84.0 - 48.3 - 462 | 68.0 | 420 | 440 | 270 | 340 | 210 | 270 | 17.0
20 - 108.0 - 62.1 - 594 | 880 | 54.0 | 56.0 | 340 | 440 | 270 | 350 | 220
25 - 136.0 - 78.2 - 74.8 | 110.0 [ 68.0 | 70.0 | 44.0 | 550 | 340 | 44.0 | 270
30 - 160.0 - 92 - 88 136.0 | 80.0 | 87.0 | 51.0 | 68.0 | 40.0 | 54.0 | 32.0
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Table 50.1 Continued
Horse 110 — 120 200 Volts 208 Volts 220 — 240 380 — 415 440 - 480 550 — 600
power Volts Volts @ Volts Volts Volts
Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three
phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase
40 - 208.0 - 120 - 114 176.0 | 104.0 | 112.0 66.0 88.0 52.0 70.0 41.0
50 - 260.0 - 150 - 143 216.0 | 130.0 | 139.0 | 83.0 | 108.0 | 65.0 86.0 52.0
60 - - - 177 — 169 — 154.0 — 103.0 — 77.0 — 62.0
75 - - - 221 — 211 — 192.0 — 128.0 - 96.0 — 77.0
100 - - - 285 — 273 - 248.0 - 165.0 - 124.0 - 99.0
125 - 359 343 34+2-6 266-6 +56-§ - 125.0
150 - - - 414 - 396 - 360.0 - 240.0 - 1804 - 144.0
200 - - - 552 - 528 - 480.0 - 320.0 - 240.( - 192.0
250 - - - - - - - 604 - 403.0 — 302.4 - 242.0
300 - - - - - - - 722 - 482.0 < 361.0 - 289.0
350 - - - - - - - 828 - 560.0 - 414.( - 336.0
400 - - - - — — — 954 — 636.0 - 477.( - 382.0
450 - - - - — — — 1030 - - - 515 - 412
500 - - - - - - - 1180 - 786.0 - 590.4 - 472.0
@ To obtain fulljload currents for 265 and 277 volt motors, decrease corresponding<220 — 240 volt ratings by 13 gnd 17 percent,
respectively.
Table 50.2
Full-load motor-running currents in amperes corresponging to various dc horsepower ratings
Horsepower 90 volts 110 — 120 volts 180~volts 2P0 — 240 volts 500 volts 551 — 600 volts
1/10 - 2.0 - 1.0 - -
1/8 - 2.2 - 1.1 - —
1/6 - 2.4 - 1.2 - —
1/42 4.0 3.1 2.0 1.6 - -
1/3 5.2 4.1 2.6 2.0 - —
1/2 6.8 5.4 3.4 2.7 - -
3/4 9.6 7.6 4.8 3.8 - 1.6
1 12.2 9.5 6.1 4.7 - 2.0
1-1/2 - 13.2 8.3 6.6 - 2.7
2 - 17 10.8 8.5 - 3.6
3 / 25 16 12.2 - 5.2
5 - 40 27 20 - 8.3
7-1/2 - 58 - 29 13.6 12.2
10 - 76 - 38 18 16
15 - 110 - 55 27 24
20 - 148 - 72 34 31
25 - 184 - 89 43 38
30 - 220 - 106 51 46
40 - 292 - 140 67 61
50 — 360 - 173 83 75
60 - — - 206 99 90
75 - - - 255 123 111
100 - - - 341 164 148
125 - - - 425 205 185

Table'50.2 ' Continued on Next-Page
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Table 50.2 Continued
Horsepower 90 volts 110 — 120 volts 180 volts 2P0 — 240 volts 500 volts 550 — 600 volts
150 - - - 506 246 222
200 - - - 675 330 294
@ The full-load current for a 1/4-horsepower, 32-volt dc motor is 8.6 amperes.
Table 50.3
Locked-rotor motor currents corresponding to various a-c horsepower ratings (3-phase)
HP 110 - 120 V 200 V 208 V 220-240V | 380V —-415V | 440 -480V 550 — 600 V
Motor Motor Motor Motor Motor Motor Motor
dgsignations designations | designations designations designations designatiens designations
B,C,D B,C,D B,C,D B,C,D B,C,D B,C, D B,C,D
1/2 40 23 22.1 20 20 10 8
3/4 50 28.8 27.6 25 20 12.5 10
1 60 345 33 30 20 15 12
1-1/2 80 46 44 40 20 20 16
2 100 57.5 55 50 34 25 20
3 128 73.6 71 64 43 32 25.6
5 184 105.8 102 92 61 46 36.8
7-1/2 254 146 140 127 84 63.5 50.8
10 324 186.3 179 162 107 81 64.8
15 464 267 257 232 154 116 93
20 580 334 321 290 194 145 116
25 730 420 404 365 243 183 146
30 870 500 481 435 289 218 174
40 1160 667 641, 580 387 290 232
50 1450 834 802 725 482 363 290
60 - 1001 962 870 578 435 348
75 - 1248 1200 1085 722 543 434
100 - 1668 1603 1450 965 725 580
125 - 2087 2007 1815 1207 908 726
150 - 2496 2400 2170 1441 1085 868
200 - 3335 3207 2900 1927 1450 1160
250 - - - 3650 - 1825 1460
300 - - - 4400 - 2200 1760
350 — - - 5100 - 2550 2040
400 N - - 5800 - 2900 2320
450 = = = 6566 = 3256 2600
500 - - - 7250 - 3625 2900

50.2 The output terminals to

amperes, or volts and watts for incandescent lighting or heater loads.

each individual external lighting and heater load shall be rated in volts and
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50.3 The output terminals to each individual external appliance load shall be rated in volts and amperes.

50.4 For an industrial control panel that is designed to control a field-installed thermally-protected motor,
or an impedance protected motor, the load rating of 50.1 shall be additionally marked with:

a) "Thermally protected” or "T.P." and location of field wiring connections of thermal protector
to be connected to control circuit for a thermally protected motor; and

b) "Impedance protected” or "Z.P." for an impedance protected motor.

50.5 For an industrial control panel that is intended for control of a specific heating element load such as
one contained in a water heater or steam boiler having an ASME rated and stamped vessel as specified
in 31.6.2, ong of the types in Exception No. 2 to 31.6.1, the load rating of 50.2 shall additionally be marked
to identify the intended load, such as "Water Heater with ASME Vessel” or "Steam_Baqilgr with ASME
Vessel", “Pipgline heater”, “Industrial furnace”, or equivalent wording.

50.6 When g transformer is rated in volt-amperes, a heater load is rated in watts;(a'capacitof load is rated
in VAR, the full-load current is to be determined as follows:

a) Fpr a single phase load: amperes = (power, in VA, W, or VARY)/ (rated voltage)

b) Fpr a three phase load: amperes = (power, in VA, W,orVAR) / [(sg. root of 3) x|(rated
voltape)].

51 Ratings fpr Control Circuit Outputs
51.1 The oufput terminals of a control circuit switching.device for connection to an external gontrol circuit
load that is npt defined on the schematic wiring diagram as a device type as specified in Taple 45.1 shall
be rated in vplts and amperes, or volts and voltsamperes.
51.2 The oufput terminals of a control circuit'switching device for connection of an external gontrol circuit
load that is defined on the schematic wifing diagram and complies with 46.3.3 (a) or (b) shall not require
ratings to belassigned.
MARKINGS
52 General Markings

52.1 An inddstrial cénirol panel shall be provided with a nameplate marking that includes the following:

a) Manufacturer's name or authorized designation;

b) Complete electrical rating of each source of supply as specified in 49.1;

c) Field wiring diagram number when required load ratings from 52.2 or field wiring information
of 54.1 — 54.9, 60.1, or 60.2 is included only on the diagram; and

d) Factory identification as specified in 52.5.

e) Enclosure Type rating (for enclosed panels only) as specified in 53.1.
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52.2 An industrial control panel shall be provided with load ratings as specified in Section 50, Individual
Load Ratings, and Section 51, Ratings for Control Circuit Outputs.

52.3 The location of required markings shall be in accordance with Table 52.1. All markings, other than
those on a diagram, shall be located so that they are visible after installation of field wiring when a cover
or door is opened. An open industrial control panel with a partial or incomplete enclosure, other than as
in 18.2 and 53.4, shall comply with the marking requirements for open-type devices.

52.4 Markings required to be placed on an industrial control panel as specified in notes (a) — (d) and note
(f) of Table 52.1 shall be made by die-stamping, silkscreening, or etching in metal or plastic or with an
indelible ink on adhesive-backed label stock and permanently attached to the industrial control panel by
rivets, screws, or adhesive.

Table 52.1
Locations of required markings

Paragraph General description Location categOries (see notes

Enclosed Ope

General markings

521 Nameplate stating: manufacturer, maximum voltage, a‘or b f
total FLA, largest motor FLA, phase, frequency, field
wiring diagram, short circuit current rating

522 External load ratings a, b,ore eonf

Enclosure markings

531 Environmental type aorb -

532 Conduit hubs for Type 2, 3R or 3RX enclesures a, b, ore -

5313 Conduit hubs for Type 3, 3S, 3SX, 3X,\4, 4X, 5, or a, b,ore -
12 enclosures

53|14 Modular enclosure marking, specifying aorb -
interconnections

53|5 Single conduit entry, nonmetallic enclosure only a, b, ore -

536 Location of conduit entry aorb -

537 Instructions for field installed bonding means a, b,ore -

Field wiring terfinal markings

5411 Field wiring terminal identification c c
54.2 -|54.4, Type 6f.field wiring conductors, field wiring b, c,ore c, e, orf
5411 temperature rating (power circuit only), terminal
tightening torque
5415 Equipment grounding terminal identification c c
5416 Class 1 markings b, c, ore c, e, orf
54{7 Class 2 markings b.core ce orf
54.8 Routing of Class 1 and Class 2 conductors b, c,ore c, e orf
54.9 Control circuit wire size [less than 14 AWG (2.1 b, c,ore c, e orf
mm2)]
54.10 Connect secondary neutral to grounding electrode b, c,ore c, e orf
conductor
54.12 Slash voltage rating a, b,ore eorf

Cautionary markings

55.4 Multiple disconnect marking a d
55.5 Polymeric enclosure with multiple conduit entries b -
55.6 Instantaneous trip circuit breaker used as branch a, b,orc cord

circuit protection for a combination motor controller

Table'52.1'Continued on Next-Page
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Table 52.1 Continued

e) Marki
and is to

f) Markin|

in the ultjmate enclosure).

Paragraph General description Location categories (see notes)
Enclosed Open
55.7 Self-protected combination motor controller, including a, b,orc cord
manual type
Fuseholders
56.1 Fuse replacement marking borc cord
Switches
57.1 Disconnect handle, "on" and "off" c -
572 Manual switch _nat to operate under load
5713 Reverse fed disconnecting means a
Overload Relay Heater Tables
581 Overload relay heater element table borc c or|d
Receptacles
591 General use receptacle in power circuit c c
592 Multi-pin receptacle, identification of load connection ¢ c
593 General use receptacle in control circuit & c
5914 Receptacle not to operate under load c c
Field provided components
60.1,160.2 Disconnect switch, branch circuit protection and/or e e
overload relay to be provided by installer
60}3 Other devices to be provided by installer e e
Schematic Wiring Diagrams
61.1,/61.2 Complete schematic e e
NOTES
a) Markimg shall be visible without opening the doer or cover of the enclosure.
b) This marking is able to be provided on the(door or cover of the enclosure or on the inside walls of the epclosure.
¢) Markinpg shall be on or adjacent to the ;eémponent in question. Fuse replacement markings are able to be on a
chart displayed as specified in (b) when each fuseholder is marked with a distinctive designation, such as F1. For
open parels, the chart is able to be supplied as described in (d).
d) Markimg shall be shipped separately on a self-adhesive label with the device (this is intended to be placgd on or

g shall be on the field wiring diagram, prints, or instructions that are referenced on the panel nam
be shipped with\the panel (either loosely, in the "print pocket,” or adhered to the inside of the en

O shall be dn‘the subpanel component mounting plate.

eplate
losure).

distinctive m

525 A manq:facturer who assembles industrial control panels in more than one factory sk

rking which will identify the industrial control panel as a product of a particular

all provide a
factory.
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53 Enclosure Markings

53.1 An enclosed industrial control panel shall be marked with the type designation determined from
Section 19, Enclosure Openings.

53.2 An enclosed industrial control panel marked as Type 2, Type 3R or Type 3RX enclosure as specified
in 53.1 and that is not provided with conduit hubs as specified in Table 19.1 shall be marked to indicate
that raintight or wet location hubs that comply with the Standard for Conduit, Tubing, and Cable Fittings,
UL 514B, or hubs having the same environmental rating as the enclosure shall be used.

53.3 An enclosed industrial control panel marked as Type 3, 3S, 3SX, 3X, 4, 4X, 5, or 12 enclosure as
specified in 53.1 that is not provided with conduit hubs as specified in Table 19.1 shall be marked with

instructions i
same enviror

mental rating as the enclosure.

Hentifying the specific hub or fitting intended to be used or to use hubs or fitlings with the

53.4 An enclosed industrial control panel consisting of two or more sections intended to e connected
together in the field shall have the following marking on each section, "Sectiop of ,| see diagram
No. for ipterconnections” or equivalent wording.

53.5 A push
continuity of
connected to

53.6 An eng
required, as

53.7 An enc
installation in

54 Field Wir
54.1 All field
circuit. A terr
wiring diagra
54.2 All field

a T

b) T

hbutton station or selector switch enclosure made of insulating-material that has
grounding between conduit entries shall be marked to indigate that only one co
the enclosure.

osure with electrical spacings between live patts and conduit fittings that 3
specified in 10.7, shall be marked to identify therarea where conduit is able to

osure intended for field assembly of the honding means as in 24.1(b) shall be

ng Terminal Markings

wiring terminals shall be marked to indicate proper connections of supply, load
ninal marking consisting.of an alphanumeric code shall correspond to marking
m.

wiring terminals shall be marked with:

ne required.type of field wiring conductor in accordance with 54.11.

ne required temperature rating of the field wiring conductors as specified in 54

no means for
hduit shall be

ire less than
enter.

provided with

structions that identifies the parts for bonding and specifies the method of installation.

5, and control
5 on the field

3;

c) T

rerequiret-termimat-tightening-torgue—as determimed-from 544

54.3 All field wiring terminals of the power circuit shall be marked for use with field wiring having one of
the following temperature ratings corresponding to the size of the anticipated field wiring determined from
28.3.1 and Table 28.1:

a) 60°C (140°F) for terminals rated less than 100 amperes;

b) 75°C (167°F) for terminals rated less than 100 amperes and the do not accept the required

60°C

conductor; or

c) 75°C (167°F) for terminals.rated 100 amperes or more.
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Exception: This marking is not required for field wiring terminals for connection of a non-motor load rated
15 amperes or less.

54.4 All field wiring terminals shall be marked with the tightening torque determined from:
a) The manufacturer’s specifications, installation instructions, or markings on the product; or

b) Table 54.1, Table 54.2, or Table 54.3, where the marking shall be 90 — 100 percent of the
value from the tables.

A component, such as a motor starter or fuseholder, that is provided with a tightening torque marking that
is visible to the installer complies with this requirement.

O

o

(o]

c

3

()

=

=

Q

(2]

W)

S

Exception N@. 1: A wire-binding screw is not required to be marked with a tightening torqué. =]

o

QO

Exception N¢. 2: A control circuit terminal that has a rated tightening torque of 7 inch-Ib (0{8 N-m) is not @

required to be marked with a tightening torque. W

<

1)

Table 54.1 g

Tightening torque for screws =

=

Test wire sizq installed in Tightening torque; pound-inches (N-m) g

conngctor . <

Slotted head No. 10 and larger Hexagonal head-externjal drive socket

n

wrengh o

AWG or (mm?) Slot width — 0.047 inch Slot width — over 0.047 | Split-bolt connectors  |Other connectors %

kemil (1.2 mm) or less and slot ineh\(1/2 mm) or slot @®

length 1/4 inch (6.4 mm) length — over 1/4 inch E

or less (6.4 mm) Py}

O

18- 10 (0.82 = 5.3) 20 (2.3) 35 (4.0) 80 (9.0) 75 (8.5) 9

8 (8.4) 25 (278) 40 (4.5) 80 (9.0 75 (8.5) =

6—4 (13.3-21.2) 35 (@.0) 45 (5.1) 165 (18.6) 110 12.4)

3 (26.7) 35 (4.0) 50 (5.6) 275 (3L.1) 150 (16.9)

2 (33.6) 40 (4.5) 50 (5.6) 275 (31.1) 150 (16.9) S

1 (42.4) - 50 (5.6) 275 (31.1) 150 (16.9) O

1/0-2/0 | |(53.5 - 67.4) - 50 (5.6) 385 (43.5) 180 (20.3) >

3/0 — 4/0 85.0 — 107.2) - 50 (5.6) 500 (56.5) 250 (282 5

250 — 350 (127 - 177) - 50 (5.6) 650 (73.4) 325 (36.7) Z

400 (203) - 50 (5.6) 825 (93.2) 375 (36.7) 13

500 (253) - 50 (5.6) 825 (93.2) 375 (42.4)

600 — 750 | | (304.>380) - 50 (5.6) 1000 (113.0) 375 42.4)7

800 — 1000 (406 — 508) — 50 (5.6) 1100 (124.3) 500 (56.5) S

1250 — (635 — 1010) - - - 1100 (124.3) 600 67.8)5
2000

NOTE - For values of slot width or length not corresponding to those specified, the largest torque value associated with the
conductor size shall be marked. Slot width is the nominal design value. Slot length shall be measured at the bottom of the slot.
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Table 54.2
Tightening torque for slotted head screws smaller than No. 10 intended for use with 8 AWG (8.4
mm?2) or smaller conductors

Slot length of screw 2 Tightening torque, pound-inches (N-m)
Slot width of screw P, in (mm)
inches (mm) Smaller than 0.047 (1.2) 0.047 (1.2) and larger

Less than 5/32 (4) 7 (0.79) 9 (1.0)
5/32 4 7 (0.79) 12 1.4)
3/16 (4.8) 7 (0.79) 12 1.4)
7132 (5.6) 7 (0.79) 12 (1.4)

1/4 (6.4) 9 (1.0) 12 (1.4)

9/32 (7.1) 15 .7)
Above 9/3 (7.1) 20 (2.3)

a For slot lengths of intermediate values, torques pertaining to next shorter slot length shall be utilized! For screws with multiple
tightening meafs, the largest torque value associated with the conductor size shall be marked.,Slottength shall e measured at
the bottom of the slot.

b Slot width is the nominal design value.

Table 54.3
Tightening torque for socket head serews

Socket size across flats Tightening torque
inthes (mm) 2 Pound-inches (N-m
[1/8 (3.2) 45 5.9
/32 (4.0) 100 (11.3)
/16 (4.8) 120 (13.¢)
1/32 (5.6) 150 (16.9)
/4 (6.4) 200 (22.¢)
/16 (7:9) 275 (31.1)
3/8 (9.5) 375 (42.4)
/2 (12.7) 500 (56.%)
/16 (14.3) 600 (67.8)
@ For screws with multiple tightening means, the largest torque value associated with the conductor size shall b marked.
Slot length sHall be measured\at'the bottom of the slot.

54.5 The eqpipment.grounding conductor terminal shall be identified by one of the following methods:

a) With a“green, not readily removable terminal screw with a hexagonal head;

b) With a green, hexagonal, not readily removable terminal nut;
¢) With the words, "Ground" or "Grounding"” ;

d) With the letters, "G", "GR", "GRD", "GND" or "GRND" ;

e) With the symbol in Figure 54.1.

f) If the equipment grounding conductor terminal is within a housing (i.e., terminal block),
identification shall be made by either or both of the following methods:
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1) 54.5 (c), (d), or (e) on or adjacent to the housing near the terminal opening;

2) The terminal housing colored the bicolor combination green-and-yellow.

Figure 54.1
Grounding symbol (IEC Publication 417, Symbol 5019)

54.6 Field wiring terminals of a low-voltage limited energy circuit or of a low-voltage, less than 30 Vrms,
isolated secgndary circuit shall be marked "Class 1 control circuit,” "Use Class ™1 conductors,” "For
connection t@ a Class 1 remote control circuit,” or the equivalent.
54.7 Field wyring terminals of a Class 2 circuit shall be marked "Class, 2yeontrol circuit,” TUse Class 2
conductors,” |"For connection to a Class 2 remote control circuit,” or the, equivalent.
54.8 An indystrial control panel that contains a Class 1 control Circuit and/or a power circuit and also
contains a Class 2 circuit and that is not provided with barrders shall have markings of instructions
specifying hgw required separation of field wiring conductors;shall be maintained.

54.9 A field

iring terminal for a control circuit conductorsmaller than 14 AWG (2.1 mm?) &

the Exceptiof to 37.2.1 shall be marked with the wire Size(s) to be used.

54.10 For an industrial control panel containing one or more grounding electrode condug

required by 1
field supplied

Exception N
required in a

Exception Nd
derived systq
AWG groun
separately dé

6.2, each grounding electrode*cenductor terminal shall be marked to identify t
grounding electrode conduetor and the source of the separately derived syste

D. 1: The marking is not-required when the grounding electrode conductor tq
Ccordance with the«Exception No. 1 to 16.2.

. 2: When a single grounding electrode conductor terminal is supplied for multig
ms in accardance with Exception No. 2 to 16.2, the marking in 54.10 shall spe
Hing electtode conductor is required to connect the grounded conductor.
brived_systems to a grounding electrode.

54.11 All fiel

s specified in

tor terminals
ne size of the
m voltage.

rminal is not
le separately

Cify that a 3/0
5 of multiple

d-wiring terminals shall be marked with one of the following:

a) "Use Copper Conductors Only” for terminals intended for connection only to copper wire;

b) "Use Aluminum Conductors Only” for terminals evaluated only for connection to aluminum

wire;

c) "Use Copper or Aluminum Conductors” or "Use Copper, Copper-Clad Aluminum, or
Aluminum Conductors” for terminals evaluated for either copper or aluminum wire; or
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d) "Use Copper or Copper-Clad Aluminum Conductors” for terminals evaluated for connection
to either copper or copper-clad aluminum wire.

54.12 For an industrial control panel with a slash voltage rating as in 49.6(a), the input terminals shall be

marked, “For

use on a solidly grounded wye source only”, or the equivalent.

55 Cautionary Markings

55.1 Cautionary markings shall be located on a part that is not removable without impairing the operation
or appearance of the equipment.

55.2 A cautionary marking shall be prefixed with the word "CAUTION" or "WARNING," as applicable, in

letters not leps than 1/8 inch (3.2 mm) high. The remaining letters of such marking, unle
specified, shall not be less than 1/16 inch (1.6 mm) high.

55.3 A cauti
during normg
and visible W

55.4 AnindJ
than one dis
with the wor|
disconnect s

Exception:

55.5 The m
accordance

consist of the
not automati
following or 4
Use groundir

55.6 An indy
protection fol

a) W

short
elem

b) W

bnary marking intended to instruct the operator shall be legible andvisible to
| operation of the equipment. A marking that provides servicing ipstructions sh
hen such servicing is performed.

strial control panel intended to be provided with more than.one supply source s
connect switch is required to disconnect all power withinCthe control panel sha
d "CAUTION" and the following or equivalent: "Risk{of Electric Shock — M
vitch may be required to de-energize the equipmentbefore servicing.”

[his marking is not required for an isolated control circuit contact that is separa

vith 24.1(b) shall be located where visible during installation, such as inside t
word "CAUTION" and the following-or equivalent, "Bonding between conduit
c and must be provided as a part of the installation;” or the word "CAUTI
quivalent, "Nonmetallic enclosure does not provide grounding between conduit
g bushings and jumper wires.”

strial control panel provided with an instantaneous trip circuit breaker used as
a combination metar controller shall be marked:

ith the word “WARNING" and the following or the equivalent: "To maintain ovs
-circuit, ang ground-fault protection, the manufacturer’s instructions for selectin
ents and setting the instantaneous-trip circuit breaker must be followed.”

ith*the word "WARNING" and the following or the equivalent: "Tripping of the

ss otherwise

the operator
all be legible

ich that more
1l be marked
bre than one

tely supplied.

arking required for enclosures intended for field assembly of the bondipg means in

e cover, and
connection is
DN"” and the
connections.

branch circuit

breurrent,
g current

insta

o s - A ) 1 - - (M s o) b £ L o) i) - -
NAricUusS=tip Littuit DTIEArtTT 1S diT ITiaieauvult uidl a 1auit CUTTETIU TTias UTTTT TTETT

pted.

Current-carrying components of the magnetic motor controller should be examined and replaced
if damaged to reduce the risk of fire or electric shock. If burnout of the current element of an
overload relay occurs, the complete overload relay must be replaced.”
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55.7 An industrial control panel provided with a self-protected combination motor controller shall be

marked:

a) With the word "WARNING" and the following or the equivalent: "To maintain overcurrent,
short-circuit, and ground-fault protection, the manufacturer’s instructions for selection of
overload and short circuit protection must be followed to reduce the risk of fire or electric
shock.”

b) With the word "WARNING" and the following or the equivalent: "If an overload or a fault
current interruption occurs, circuits must be checked to determine the cause of the interruption.
If a fault condition exists, the current-carrying components should be examined and replaced if
damaged, and the integral current sensors must be replaced to reduce the risk of fire or electric

shoc
56 Fusehold
56.1 A bran
rating and a
replacement

57 Switch M

57.1 The op
closed ("on"

57.2 A manu
not operate

57.3 An indt
identify the Iq

58 Overload

58.1 Anindy
have the ove

Exception:
to comply wii

(.N

er Markings

h circuit fuseholder that accepts a fuse having a rating larger than{the maxin
| control circuit fuseholders shall be marked with the voltage~and current
fuse.

arkings

prating handle of each disconnecting means shalldevmarked to indicate the op
positions.

al switch not intended to be operated undet’load as specified in 33.2.2 shall be
nder load.”

strial control panel containing a disconnecting means that is back-fed shall |
cation or disconnecting means with the back-fed line side connection.

Relay Heater Table Markings

strial control panel provided with an overload relay having replaceable current €
rload relay elementselection chart or heater table provided with the industrial

\n industrial ‘control panel provided only with adjustable type overload relays i
h this requirement.

um specified

rating of the

en ("off") and

marked "Do

be marked to

lements shall
control panel.

not required
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59 Receptacle Markings

59.1 A general use receptacle protected by branch circuit overcurrent protection rated less than the rating
of the receptacle and intended for connection of only a control circuit load shall be marked with the
ampere rating of the overcurrent protective device and the intended use for the receptacle.

59.2 Multiple pin type receptacles having a common pin configuration shall be marked to identify the
intended load connection.

59.3 A general use receptacle provided within a control circuit and intended for connection of a control
circuit load shall be marked with the ampere rating of the overcurrent protective device and the intended

use for the receptacle.

disconnectin

590.4 A muItiipin receptacle or a general-use receptacle rated more than 20 amperes shall be

60 Field Pro

60.1 An indy
circuit proted
devices shal
include the s
31.2.2.

60.2 An ind

use only, not for current rupturing” or the equivalent.
vided Components

strial control panel provided with a power circuit where the\disconnecting m
tion and/or motor overload protection is omitted shall besmarked to indica

be provided by the installer. The marking for field installed branch circuit pr
ze and type of protection when required as a result,oféa component marking a

ustrial control panel provided with a separately supplied control circu

marked "For

pans, branch
e that these
btection shall
5 indicated in

t where the

disconnecting means and/or branch circuit protection jsZomitted shall be marked to indicgte that these

devices shall

60.3 An indy
the industrial

61 Schemat
61.1 An indy{

including all
schematic wi

be provided by the installer.

strial control panel schematic wiring“diagram that includes devices that are not
control panel shall be marked todndicate that these devices shall be provided by

c Wiring Diagrams
strial control panel shall be provided with a complete electrical schematic w|

components provided by the manufacturer. Field installed components s
ring diagram shiall-Comply with 60.3.

provided with
the installer.

ring diagram
nown on the

61.2 A standardized sChematic wiring diagram that includes optional components and cirguits that are
commonly suipplied(by a manufacturer shall be modified on a per unit basis to includg only those
components that are*actually being supplied by the manufacturer.
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PART 2 — SPECIFIC USE INDUSTRIAL CONTROL PANEL TYPES

ENCLOSURES

62 General

62.1 The requirements in Sections 63 and 64 cover Type 1 enclosures constructed of sheet or cast metal.

62.2 A Type 1 — 13 enclosure constructed of polymeric material enclosure shall be investigated to the
construction requirements in 6.3, Section 7, 8.3, 8.4, 8.5, Section 14, Sections 15, 15A, and 15B,
performance requirements in Sections 30 — 43, and marking requirements in 49.1 — 49.6 applicable to the
enclosure environmental Type(s) in the Standard for Enclosures for Electrical Equipment, UL 50.

62.3 A Type

a T
stang

b) T
perfg
- 49

Electrical Equipment, UL 50.

c) A
test i

62.4 In addi
ventilation of
Entry Test,

Environment
be subjected
a result of th
or 4X rating.

63 Construc

63.1 Metal thickness

63.1.1 A cag
inch (3.2 mm
mm) thick at

2 — 13 enclosure constructed of sheet or cast metal shall comply with:

ne construction requirements in Section 63, Construction, and Section,64, Mar
ard; and

e construction requirements in 6.3, 8.3, 8.4, 8.5, Section 14:Sections 15, 154

6 applicable to the enclosure environmental Type(s) in the Standard for Enclo

Type 3RX, 3SX, and 3X enclosure shall additienally comply with the corrosion
h the Standard for Enclosures for Electrical EQuipment, UL 50.

ion to complying with 62.2 and 62.3, aType 4 or 4X enclosure or compar,
enings shall be subjected to the indear Circulating Dust Test, Section 8.4.2,
Section 8.14, in accordance with \thre Standard for Enclosures for Electrica
h| Considerations, UL 50E. Whenthe enclosure or compartment is provided with
to all environmental tests reguired by UL 50E, both with the fan on and with t
bse tests, there shall be no.entry of dust into the enclosure or compartment ha

ion

t-metal(enclosure shall be made from iron, aluminum, brass, or copper and b
thickzat every point, more than 1/8 inch thick at reinforcing points, and at least
tapped holes for conduit.

Kings, of this

, and 15B,

rmance requirements in Sections 28 — 40 and 43 — 46, andsmarking requiremegnts in 49.1

sures for

resistance

tment having
and the Rod
| Equipment,
a fan, it shall
he fan off. As
ing a Type 4

b at least 1/8
1/4 inch (6.4

63.1.2 The thickness of a sheet-metal enclosure shall not be less than that specified in Tables 63.1 and
63.2, except that at points to which a wiring system is to be connected, steel shall be at least 0.032 inch

(0.81 mm) th

ick, and nonferrous metal at least 0.045 inch (1.14 mm) thick.

Exception: An enclosure that complies with the Compression Test and Deflection Test of the Standard
for Enclosures for Electrical Equipment, UL 50, is not required to comply with this requirement at points
other than where a wiring system is to be connected.
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63.1.3 Tables 63.1 and 63.2 are based on a uniform deflection of the enclosure surface for any given load
concentrated at the center of the surface regardless of metal thickness.

63.1.4 With reference to Tables 63.1 and 63.2, a supporting frame is a structure of angle or channel or
folded rigid section of sheet metal that is rigidly attached to and has essentially the same outside
dimensions as the enclosure surface and that has torsional rigidity to resist the bending moments that are
applied by the enclosure surface when it is deflected. Constructions without supporting frame include:

See Fig
defines

a) A single sheet with single formed flanges — formed edges;

b) A single sheet that is corrugated or ribbed;

c) Ap enclosure surface loosely attached to a frame, for example, with spring clips] and

d) Ap enclosure surface having an unsupported edge.

ure $3.1 for evaluation of supported and unsupported enclosure surfaces. This
the means of selecting the required metal thickness from either the-“with support

"without supporting frame” columns in Tables 63.1 and 63.2.

Table 63.1

Thickness of sheet metal for enclosures — carbon-af stainless steel

figure further
ng frame" or

d TT{G - vIpz/TZfT : 9Tk6T NOILYWOLNY 113MMPOY 44 psn 10| Ajsjemoy |ned Ag pspeojumoq sem Juswnaog

Without supporting frame 2 With supportinng frame or equivalent Minimum required
reinforcement @ thickness, in
Maximum Width P Maximum length © Maximum ‘width P Maximum length ©
inches (cm) inches (cm) inches (cm) inches (cm) nches (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51)
4.75 (12.1) 5.75 (14.6) 675 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12,5 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not litnited 195 (49.5) Not limited 0.042 (1.07)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35)
20.0 (50.8) 25:0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited D.067 (1.70)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 8338) Not imited 5T.0 (I29.5) Not imited .080 (2.03)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
a See 63.1.4.
b The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure other than the cover shall comply with 63.1.5 and 63.1.6 or be made of a single sheet.

Table'63.1'Continued on Next-Page
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Table 63.1 Continued

Without supporting frame 2 With supporting frame or equivalent Minimum required
reinforcement 2 thickness, in
Maximum width P Maximum length © Maximum width P Maximum length ©
inches (cm) inches (cm) inches (cm) inches (cm) nches (mm)

¢ Not limited applies only when the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
routinely removed in use.

Table 63.2
Thickness of metal for electrical enclosures — aluminum, copper, or brass

routinely removed in use.

O

o

(o]

[

3

)

=

=

)

(2]

-

Without supporting frame 2 With supporting frame or equivalent Minimum required g
reinforcement 2 thickness, =]

o

Maximum Width © Maximum length © Maximum width P Maximum length © 2
inches (cm) inches (cm) inches (cm) inches (cm) nches (mm) 2
W

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58) <
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) E
=

4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74) =
5.0 (12.7) 6.0 (15.2) 105 (26.7) 185 (34.3) =
=

6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.19) 18.0 (45.7) =
=

8.0 (20.3) Not limited 19.0 (48,3) Not limited 0.045 (1.14) ©
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5) c
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47) ;
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) :
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91) g
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) é
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41) o
29.0 (73.7) 36.0 (91,4) 64.0 (162.6) 78.0 (198.1) ;
C

37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10) 8
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) =
=

52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89) -
60.0 (152.4) 740 (188.0) 130.0 (330.2) 160.0 (406.4) %
a See 63.1.4. B
b The width is fhe smaller-dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent gurfaces of an N
enclosure othef than the cover shall comply with 63.1.5 and 63.1.6 or be made of a single sheet. @
¢ Not limited agplies only when the edge of the surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjagent surfaces not S
=

N

o

[

SN

a

=

=

i)

<
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NOTES:

Each enclosure
B or C, the widt
of dimensions t
determining the

1. For a supporf
"A", top and bot
To determine re
maximum width
column is "Not li
length column is

Figure 63.1
Supported and unsupported enclosure surfaces
Top C
Side Sige
B Rear A B
Bottom C
Flange
SM787

surface is evaluated individually based on the length and width dimensions. For each set of surfac
is the smaller dimension regardless of its orientation to other surfaces. In Tables 63.1 and 63.2, th
at correspond to a single metal thickness requirement and the following describes the applicab
Iminimum metal thicknessyfor each surface:

ed surface, all of the fable dimensions, including the "not limited” lengths, are able to be applied.
lom surfaces "C"\are supported either by adjacent surfaces of the enclosure or by a 1/2 inch (12.7
luired metal’thickness for supported surfaces, the width is to be measured and compared with the {
column that)is equal to or greater than the measured width. When the corresponding length in the
Mited” \{hie minimum thickness in the far right column is to be used. When the corresponding lengthi
a numerical value, and the measured length of the side does not exceed this value, the minimu

e dimensions, A,
ere are two sets
le procedure for

he rear surface
nm) wide flange.
able value in the
maximum length
in the maximum
h thickness from

the far right colu
to be used.

: _ f . . : .

e in the table is

2. For an unsupported surface, only the table dimensions that include a specific length requirement are applied. The dimensions
with a "not limited” length do not apply. The front edge of the left and right surfaces "B", are not supported by an adjacent surface
or by a flange. An edge that is rabbeted , as shown in Figure 63.3, is also evaluated as an unsupported surface. To determine the
required metal thickness for unsupported surfaces, the length is to be measured and compared with the table value in the maximum
length column that is not less than the measured length, ignoring the "not limited” entries. When the corresponding width in the
maximum width column is not less than the measured width, the minimum thickness from the far right column is to be used. When
the measured width of the surface exceeds the value in the maximum width column, the next line in the table is to be used.
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63.1.5 All seams, joints, or splices at corners or back edges of an enclosure shall be closed by:
a) Overlapping flanges formed of sheet metal from which the enclosure is made;
b) Metal surfaces overlapping adjacent surfaces or supporting frame;
c) Separate overlapping flanges; or

d) Continuous welding that provides a construction equivalent to an integral-flanged
construction.

63.1.6 With reference to the requirement in 63.1.5, the overlap shall be at least 1/2 inch (12.7 mm) and
shall extend fhe full length of the seam. See Figure 63.2.

Figure 63.2
Overlap between flat cover and box flange and at corner or bex-seam

SBO569

63.1.7 A piece of angle or channel having a thickness not less than the enclosure wall, and having a
flange perpendicular to the enclosure wall at least 1/2 inch (12.7 mm) in height and extending the full
length or width of an enclosure wall shall be evaluated as a supported side for the purpose of subdividing
the overall area of an enclosure wall into two smaller areas to determine compliance with the metal
thickness requirements of Tables 63.1 and 63.2. The inclusion of a single support does not constitute a
supporting frame with regard to Tables 63.1 and 63.2.
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63.1.8 When two or more covers or panels are provided to close a single opening, the thickness of each
cover or panel shall be not less than a single sheet as specified in Tables 63.1 or 63.2. The adjacent
edges of such multiple panels or covers shall:

a) Be flanged at least 1/2 inch (12.7 mm);

b) Be supported against an inward force at 10 inches (254 mm) maximum intervals; or

c) Overlap each other at least 1/2 inch (12.7 mm) and be secured together at 10 inches (254

mm)

63.2 Covers

maximum intervals.

and doors

63.2.1 A coV
place. The m
entire length,

63.2.2 A dog
partial-turn fa

er or door shall be provided with means, such as latches, locks, or screws; of
eans shall be so located or used in such quantity to hold the cover orcdeor ¢

r shall be provided with captive fasteners, such as snap latches{a multi-point |
steners, that remain attached to the enclosure when the dogar,is open. A ca

shall be opernable by hand or by a simple hand tool such as a screwdriver:

63.2.3 A dog
more captive

63.2.4 A dog
of all edges.

r that is more than 48 inches (1.2 m) long on the hingéd side shall be provide
fasteners that hold the door closed at two or more) points on the enclosure.

r shall shut closely against a 1/4 inch (6.4 mm).rabbet as in Figure 63.3 for the

securing it in
osed over its

tch, multi- or
tive fastener

d with one or

entire length
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Figure 63.3
Rabbet

.,

| —

1 /4 INCH
(6.4mm)

SAQ

63.2.5 Aflat
of all edges.
determined a
flat cover is

of Figure 63.p.

63.2.6 A flar]
door shall fit
63.3 based @
Exception:

a) T

OZA

cover shall overlap a flange on the enclesure at least 1/2 inch (12.7 mm) for the
Where the radius of the flange bend in the enclosure is small, the flange W
s in W1 or W2 of Figure 63.2. Where the radius of the flange bend is excessive]

bn the inside of the enclosure flange, the flange width shall be determined as
D

ged cover or door shall rave flanges for the full length of all edges. Flanges
Closely with the outside walls of the enclosure and shall comply with the dimeng
n the type of construction as illustrated in Figure 63.4.

\n enclosure-provided with a gasket having a thickness that fills:

he space’between parts, dimension A of Table 63.3; or

b) T

entire length
idth shall be
or where the
in W3 or W4

DN a cover or
ions of Table

-4

hewmaximum gap, dimension B of Table 63.3 is not required to comply with thd

requirements for dimensions A or B of Table 63.3.

The gasket material shall be closed cell neoprene or one that complies with the requirements in the

Standard for

Enclosures for Electrical Equipment, UL 50.
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63.2.7 Each door shall be able to be opened to a minimum of 90 degrees from the closed position.

Table 63.3

Dimensions for flanged cover or door constructions

Sketch W A B C D
Ffircj::e Minimgm flange Maximum space Maximum gap Minimum overlap ¢ Minimum l?arrier
63.4 width &¢ between parts extension
inches (mm) inches (mm) inches (mm) inches (mm) inches (mm)
A 1/2 (12.7) 1/8 3.2) 1/8 3.2) 7/16 (11.1) - -
A 3/4 (19.1) 3/16 (4.8) 3/16 (4.8) 5/8 (15.9) - -
A 1 (25.4) 1/4 (6.4) 1/4 (6.4) 7/8 (22.2) - -
B 1/2 (12.7) 1/8 3.2) 1/8 (3.2) 7/16 (11.2) - -
B 3/4 (19.1) 3/16 (4.8) 3/16 (4.8) 5/8 @%9) - -
B 1 (25.4) 1/4 (6.4) 1/4 (6.4) 718 (22.2) - -
C 1/2 (12.7) 3/16 (4.8) 3/16 (4.8) 1/4 (6.4) - -
C 3/4 (19.1) 1/4 (6.4) 1/4 (6.4) 7/1%& (11.2) - -
D 1/2 (12.7) 3/32 (2.4) - - 16 (11.2) - -
E 1/2 (12.7) 1/8 3.2) 1/8 3.2) 7/16 (11.2) 1/4 (6.4)
F 1/2 (12.7) - - 1/4 (6.4) 7/16 (11.2) - -
GP 1/2 (12.7) - - 1/8 (32) - - 1/2 (12.7)
H 1/4 (6.4) 1/8 3.2) - ¥ 3/16 (4.8) - -

be measured.

held in a fixed

b Equipment wi
¢ To determine
cover — clear o

d To determine
closed position
distance betwe

displacement 9

@ Tolerance: minus 1/16 inch (1.6 mm).
thin the enclosure shall be located on the side of the harrier extension D that is opposite the gap

whether a flanged cover complies with Dimension W;Width of flange, the distance between the fl
forming radii, beads, and draws — and a straight etlge placed anywhere across any two flanges

the overlap of a telescoping cover, the enclosure is to be placed on its back on a bench, with the
and a mark is to be scribed on all walls~of the box along the edge of the flange. The overlap is t
en the scribe marks and the edges_of the box walls, as in Figure 63.5. In scribing the marks, the g
bosition without bending or distorting‘any portion of the box, cover, or other part of the enclosure,
f the cover by the scribing took:

B.

ht portion of the

t any points is to

over is to
fo prohibit

cover in its
e measured

be
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Figure 63.4
Flanged cover or door constructions @

S2766A

2 See Table 63. for dimensions for sketches A — H.

b The surfaces IS" are able to be in line with one another — not as shown.

Figure, 63.5
Measuremeént of overlap

SAO0S/0A
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63.3 Corrosion protection

63.3.1 Both the inside and outside surfaces of an enclosure, including means for fastening, that are made
of iron or steel shall be protected against corrosion by enameling, galvanizing, or plating.

Exception: The requirement does not apply to sliding surfaces of a hinge or to parts made of aluminum,
brass, or stainless steel.

63.4 Enclosure openings

63.4.1 Open

ings in industrial control panel enclosures shall comply with Section 19.

63.5 Ventilafion openings

63.5.1 Venti
63.6 Obsery|

63.6.1 Obse
23.

64 Markings

64.1 An en
Construction

64.2 An enc

overload profective devices.”

INDUSTRIAL
65 General

65.1 These
Standard for

a) M

b) P
procq

ation openings in an industrial control panel enclosure shall comply withySectig
htion windows

r'vation windows provided in an industrial control panel enclasure shall comply

losure that complies with the requirements<in ‘Section 62, General, and
shall be marked with the manufacturer’s name’and "Type 1 Enclosure.”

osure that is not provided with a door shall be marked "Not suitable for housi

MACHINERY

requirements cover dndustrial control panels for industrial machinery (NFPA
ndustrial Machinery): The following types of machines are identified as industri

etalworking_fmachine tools, including machines that cut or form metal;

astics machinery, including injection molding, extrusion, blow molding, speciali
pssing, thermoset molding, and size reduction machines;

n 21.

with Section

Section 63,

g renewable

79, Electrical
Al machinery:

zed

c)

UUUI IlIOlL,iIiIIUI_y, illbiudillg VVUUdVVUIkiIIg, ialllillaﬁllg, dl Id bd.VVIIIi” IIId.l,iIiIICb,

d) Assembly machines;

e) Material handling machines, including industrial robots and transfer machines; and

f) Inspection and testing machines, including coordinate measuring and in-process gauging
machines.
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65.2 Industrial control panels for industrial machinery shall comply with the requirements in Sections 4 —
61 and also with the requirements in Section 66, Construction, and Section 67, Markings, which
supplement or modify the general-use industrial control panel requirements.

66 Construction

66.1 Enclosures

66.1.1 When swing out panels are provided, the construction shall permit the open position of the swing
out panel to be not less than 110 degrees from the closed position. The movement of the swing out panel
shall not be restricted by the internal wiring.

66.1.2 A dog
60V dc or m
opened unles

Exception:
devices with
doors. The c|

66.1.3 The i

a) M

operate;

b) M
mech

c) R

66.1.4 A ligh
to the contrd

protection rajed not more than 15A and be derived from one of the following:

a T

meais.

b) T

c) T

r of an enclosure that gives access to uninsulated live parts operating at 50,V(
bre shall be interlocked with the disconnecting means such that none of thée
s the power is disconnected.

\ disconnecting means for maintenance lighting circuits or for powersupply circ
memory requiring power at all times are not required to be intetfocked with
autionary marking in 55.4 shall be provided.

hterlocking means required by 66.1.2 shall be provided with all the following:
eans to defeat the interlock without removing powersand which requires the us
eans to prevent restoring power while the enclosure doors are open unless a
anism is operated; and

pactivated automatically when all thedoors are closed.

ting circuit (for maintenance.lighting within the control panel or machine work |

| panel or both) shall not«éxceed 150V between conductors, provided with |

ne secondary of anjisolating transformer located on the load side of the discon

Its rms ac or
Hoors can be

Liits to control

he enclosure

e of a tool to

efeat

ghts external

branch circuit

necting

ne secondary of an isolating transformer located on the line side of the disconmecting
means, for.the)supply of lighting circuits located within the control enclosure only.

e secondary of an isolating transformer located on the line side of the discon

ecting

mear

rs-wherethetransformeris—supptiedwitharseparatedisconmectingmeans pro

control panel next to the main disconnecting means.

d) A

grounded machine circuit.

ided on the

e) An externally supplied lighting circuit for lighting located within the control enclosure and
machine work lights.
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66.1.5 All electrical components mounted to a subplate or subpanel that is fixed in place, not a swing out
panel, shall be able to be individually removed without removal of other components, removal of the entire
subplate, or requiring the use of special tools unless supplied with the industrial control panel, and shall

be:

a) Attached to mounting rails which are fastened to the subplate by means of screws, rivets, or
welds; or

b) Mounted by machine screws or self-tapping screws that thread into the subplate from the
component side; and

1) Provides two complete threads of engagement into a steel subplate; or

c) A
whic

66.2 Electric

66.2.1 All cg
from compon

66.2.2 All te
shall be arra
from one and

66.3 Groundj

66.3.1 A trar
in Section 14

66.3.2 The 9
to be ground
controlled m{

a) P
cond

2) Has 32 threads per inch (32 threads per 25.4 mm) and threads into/a'0
(2.35 mm) thick steel subplate; or

3) Provides three complete threads of engagement into an aluminum subp

tached by plug-in connection to another component, such as a fuseholder or
1 is secured to the subplate as in subitem a) or b) above.

pl assembly

mponents connected to the supply circuit voltage ‘shall be grouped or mountg
ents connected only to the control circuit voltage.

minals for power circuits, control circuits‘and control circuits supplied from ext

nged such that the terminals of each:circuit are grouped together and are rea
ther by means such as physical separation, barriers or color coding.

ing

sformer that supplies cantrol enclosure lighting or machine work lights shall be|
16, Transformer Seeondary Grounding.

econdary winding-of a control transformer or the secondary of a power supply is

053 inch

ate; or

elay socket,

bd separately

ernal voltage,

dily identified

grounded as

not required

ed, as specified in 16.1, when the secondary supplies only devices included as part of the

ichine, nat)other machines or circuits, and is provided with a monitoring devicq

rovidés~an audible or visual indication when a ground fault occurs in any ungrd
uctory such as a panel mounted indicator light or display, or one that interrupts

that:

unded
the circuit in

the

. £ (4 L L J_£ L - s I - (]
VEITTU Ul yrouria Tauit, SUtlT as a yrouru 1aurt gruteLuve UtVviILE, ditu

b) Is arranged with the control circuit so that the machine cannot restart with a detected ground

fault.

Exception: A control circuit, as described in 66.3.2, supplied from a secondary of a Class 2 transformer
or Class 2 power supply is not required to be supplied with a monitoring device or a ground fault protective

device.
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66.3.3 A transformer that supplies circuits that are not part of the controlled machinery shall comply with
Section 16, Transformer Secondary Grounding.

66.3.4 An internal bonding conductor shall be provided between a metal cover or a door on which
electrical components are mounted, and the enclosure or the equipment grounding terminal. The bonding
conductor shall have an ampacity not less than the largest circuit conductor used to connect the cover or
door-mounted components.

Exception: When all electrical components mounted to a metal cover or door are connected to a control

circuit rated 30V rms or less the bonding conductor is not required.

66.4 Field wiring — power circuits

66.4.1 Field jwiring terminals for supply connections shall be sized based upon the sum+of:

a) 125 percent of all heater loads;

b) 125 percent of the largest motor load; and

c) The full-load current ratings of all other motors and other loads’/that are simultaneously

operable.
66.4.2 Term|nals provided for connection of loads intended farycehnection in the field shall comply with
Section 28, Hield Wiring. Terminals intended for connection by~the manufacturer to the contrglled machine
shall be evaluated based on the requirements in Sectioh™29, Internal Wiring, and are nqt required to
comply with [the marking requirements for field wiring erminals specified in Section 54,| Field Wiring

Terminal Ma
66.4.3 Flexil
a) P
b) S
c) Li

66.4.4 Rece
with mating

66.4.5 Remd

kings.

le cords shall comply with 28.5 and 37.7, except they are able to be used for cq
endant stations;

ationary motors; or

it or proximity switches.

ptacles shall ecomply with 28.6 and 37.6, except they are able to be used for in
arts for cohhection of machine wiring.

vabléequipment is able to be connected to a grounding-type general use rece

nnections to:

erconnection

pptacle.

'l L H_l L (] - - - L (] - £l adar) bl o
66.4.6 The cord—shattbeahard=serviceorjuniorhard=serviceftexibtecord-that:

a) Complies with the Standard for Flexible Cords and Cables, UL 62; and

b) Terminates in an attachment plug that complies with the Standard for Attachment Plugs and
Receptacles, UL 498, or the Standard for Plugs, Receptacles and Cable Connectors of the Pin
and Sleeve Type, UL 1682, or the Outline of Investigation for Multi-Point Interconnection Power
Cable Assemblies for Industrial Machinery, UL 2237, and is rated for the voltage involved.
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66.5 Internal wiring — power circuits

66.5.1 In addition to types specified in 29.2.1, hard usage or junior hard usage flexible cord types as
specified in 28.5.3 are able to be used and shall comply with the Standard for Flexible Cords and Cables,
UL 62.

66.5.2 All conductors shall be identified at each termination by letter(s) or number(s) corresponding with

the wiring diagrams provided with the industrial control panel.

66.5.3 The following color coding shall be used throughout the panel:

a) Black — all ungrounded power circuit conductors regardless of voltage; and

b) White or gray or three continuous white stripes on other than green, blue, orarige or yellow —
grounded ac current-carrying power circuit conductor regardless of voltage.
Excdption: Insulated conductors sized 4 AWG (21.2 mn¥?) or larger and“fraving insujation colored
othef than as in 17.4 shall be identified at each termination point by aiwhite marking,|such as tape
wrapjped around the conductor.

66.5.4 Powef circuit conductors shall not be smaller than 14 AWG (23'mm3).

Exception: For power circuits that comply with the conditions imTable 66.2, 16 AWG or 18 AWG are able

to be used.

66.5.5 Power circuit conductors that carry current for a motor or heater load shall be sized fof an ampacity

not less than

66.5.6 Powse
ampacity not
full-load amp

Exception:
Industrial Cqg
multiple motd

66.5.7 Powe
66.1. Conduq

66.5.8 Cond

125 percent of the full-load current.

less than 125 percent of all heater loads plus 125 percent of the largest motor
ere ratings of all remaining motors and other loads that are simultaneously opé
nternal power circuit conductors that comply with the Temperature Test in the
ntrol Equipment, Ul 508, based upon the specific operating cycle of multip

rs and heaters of-an*industrial machine.

I circuit conductors to standard size motor controllers shall not exceed the wire
tors to othertypes of motor controllers shall comply with 66.5.4 and Table 28.

LictorS.and cable shall be run without splices from terminal to terminal.

I circuit conductors that carry current-for one or more motors or heaters shall e sized for a

load plus the
brable.

Standard for

e motors, or

sizes in Table
1.
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Table 66.1
Maximum conductor size for given standard motor controller size
Motor controller size Maximum conductor size
AWG or kemil (mm 2
00 14 (2.1)
0 10 (5.3)
1 8 (8.4)
2 4 (21.2)
3 1/0 (53.6)
4 3/0 (85.0)
5 500 (253)
NOTE — As $pecified in ANSI/NEMA 1CS2-1993, Industrial Control and Systems Controllers, Contactors;and Qverload
Relays Rate¢l Not More Than 2000 Volts AC or 750 Volts DC.
Table 66.2
Ampacity and protection for power circuits with 16 AWG or 18 AWG-¢onductors
Conductor Load type Max. amperé rating Motor gverload trip
Size Ampacity for branhch circuit rclass
protection
16 AWG 8 Non-motor 102 -
8 Motor Per Table 31.12 Class 10
5.5 Motor Per Table 31.12 Class 20
18 AWG 5.6 Non-motof 7° -
5 Motor, Per Table 31.1P Class 10
3.5 Mator Per Table 31.1P Class 20
2 Inverse time [circuit breaker marked for use with 16 AWGar'18 AWG conductors, Class CC, CF, J or T fuse.
b Inverse time kircuit breaker marked for use with 18 AWG conductors, Class CC, CF, J or T fuse.
66.6 Disconmecting means
66.6.1 A distonnecting means shall.be provided for each incoming supply source. Other than terminals,
no components shall be locatedon the line side of the disconnecting means.
66.6.2 A distonnecting means shall not incorporate a fuseholder that accepts a Class H fupe.

66.6.3 In ad

a) R

lition t0"30:4, an operating mechanism for the disconnecting means shall be:

padily’accessible when the enclosure doors are in the open or closed position

b) Installed so that its operation is not restricted by the enclosure door while in the open
position;

c) Be operable independent of the door position without the use of accessory tools or devices;

d) Able to be locked in the off position independent of the door position; and when locked,
closing of the disconnect is not possible.
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66.7 Branch circuit protection

66.7.1 In lieu of 32.1.2, a branch circuit fuse shall be designated Class RK1, RK5, J, T or CC and shall
comply with the Standard for Low-Voltage Fuses — Part 12: Class R Fuses, UL 248-12, the Standard for
Low-Voltage Fuses — Part 8: Class J Fuses, UL 248-8, the Standard for Low-Voltage Fuses — Part 15:
Class T Fuses, UL 248-15, the Standard for Low-Voltage Fuses — Part 4: Class CC Fuses, UL 248-4, or
the Outline of Investigation for Low-Voltage Fuses — Part 17: Class CF Fuses, UL 248-17. Class H, K, and
G, fuses shall not be used.

66.7.2 A branch circuit fuseholder shall be provided with a rejection feature that prohibits a Class H fuse

from being in

stalled.

66.7.3 A sin

immediately following each disconnecting means.
Exception: An industrial control panel for industrial machinery intended for connegtion to th
a set of main overcurrent protective devices in the field shall be marked with the>required
of overcurrent protection in accordance with 60.1.
66.7.4 The main overcurrent protection shall be sized based on the sum-of:
a) The largest ampere rating of branch circuit protective dgvices in the panel;
b) 125 percent of all heater loads;
c) 125 percent of the largest motor load; and
d) The full-load currents of all remaining mators and other loads that are simultane
operdble.

Exception N
protection sh
a group of g

Exception N(
of the main d

66.7.5 In liey
of overcurrer
below:

ple set of fuses or a circuit breaker shall be provided as the main overcurrd

. 1. When branch circuit protection is not provided within the panel, the mai
all comply with Section 31;'Branch Circuit Protection, for single motor or heate
ads.

vercurrent protective devices shall not exceed the conductor ampacity in Tablg

of the reguirement in 31.4.1(c), two or more motors are able to be connected {
t protective devices provided with a panel which does not exceed the smalle

nt protection

e Joad side of
size and type

pusly

n overcurrent
r loads or for

. 2: Where internal.conductors are sized based on the exception to 66.5.6, the ampere rating

p 28.1.

D a single set
of (a) or (b)

a) T

s s bl i) i) - . - s L L - bl 1 -
I Tallly ur STy ur uie uraricit Lirtuit PprutctCiulrt STiall TTOU ©ALETU U1E ValutT 1

for any wire in the group.

1 Table 66.2

b) The size of the branch circuit protection shall not exceed the ampere rating specified in the
group installation marking of all power components and the type of branch circuit protective
device shall be of the type specified in the group installation marking.
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66.7.6 Branch circuit protection for a lighting circuit shall not exceed 15 amperes.
Table 66.3
Relationship between conductor size and overcurrent protection rating for power circuits
Conductor size Maximum rating of Time delay or dual element
5 nontime-delay fuse or fuse, amperes
AWG (mm*) inverse time circuit
breaker, amperes

14 (2.1) 60 30

12 (3.3) 80 40

10 (5.3) 100 50

8 (8.4) 150 80

6 (13.3) 200 100

4 (21.2) 250 125

3 (26.7) 300 15(

2 (33.6) 350 175

1 (42.4) 400 20(

1/0 (53.6) 500 25(

D/0 (67.4) 600 30(

3/0 (85.0) 700 35(

4/0 (107.2) 8060, 40(
66.8 Motor dontrollers
66.8.1 Revefsing motor controllers and wye-delta contrellers shall comply with Section 33 ¢xcept, in lieu
of 33.4.1 and 33.5.2, they shall be provided with both“tmechanical and electrical interlocking means.
66.8.2 Standard size motor controllers used foirplugging or jogging a motor shall contro] motors with
horsepower fatings that do not exceed thoseygiven in Table 66.4 for the size of motor coptroller used.
Other types pf motor controllers shall beused within the manufacturer's specifications for plugging or
jogging duty.
66.8.3 A rolot controller shall cemply with the requirements in the Standard for Robots|and Robotic
Equipment, YL 1740, when evaluated with the intended manipulator arm. The manufacturer name and
model of the |manipulator arm to be supplied in the field shall be marked as in 67.3.2.
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Table 66.4

Horsepower and locked-rotor ampere ratings for 3-phase, single-speed, full-voltage magnetic

controllers for plug-stop, plug-reverse, or jogging duty

Size of 200 volts 230 volts 460 volts 575 volts
controller
hp LRA hp LRA hp LRA hp LRA

0 1-1/2 46 1-1/2 40 2 25 2 20

1 3 74 3 70 5 52 5 42

2 7-1/2 175 10 175 15 127 15 102

3 15 335 20 335 30 250 30 200

4 25 500 30 600 50 500 60 400

5 60 1250 75 1250 150 1250 150 1000

6 125 2500 150 2500 300 2500 300 2000
NOTE — These| horsepower ratings are based on locked-rotor current ratings given in this Table. For métors havipg higher locked-
rotor currents, f larger controller shall be used so that its locked-rotor current rating is not exceeded{Fhis Table floes not cover
horsepower ratings of single-phase, reduced voltage, or multi-speed motor controller applications.

66.9 Internal
66.9.1 The f
a) B
b) R
c) B

d) Y
that

e) W
ac cy

fy w

g W
carry

Exception:
devices, and

wiring of control circuit

bllowing color coding shall be employed throughout the panel:

ed — ungrounded ac control circuits operating.at-a voltage less than the supply
ue — ungrounded dc control circuits.

bllow or orange — ungrounded controlcircuits or other wiring, such as for cabin
emain energized when the main-disconnect is in the "off" position.

hite or gray or three white. Stripes on other than green, blue, orange or yellow
rrent-carrying control citcuit conductor regardless of voltage.

hite with blue strip&= grounded dc current-carrying control circuit conductor.

hite with yellew-stripe or white with orange stripe — grounded ac control circuit
ng conductor'that remains energized when main disconnect switch is in the "d

| eads-on assembled components, multiconductor cable, leads used to conn
cohductor sizes 20 — 30 AWG (0.52 — 0.05 mm?) are not required to corl

requirement.

ack — all ungrounded control circuit conductors operating at the supply voltags.

voltage.

et lighting,

— grounded

current-
ff" position.

pct electronic
hply with this

66.9.2 Contr

ol circuit conductors shall not be smaller than 18 AWG (0.82 mm?).

Exception: Control circuit conductors for programmable input/output and static control wiring are able to

be sized 18 —

30 AWG (0.82 — 0.05 mm?).
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66.10 Overcurrent protection of common control circuit

66.10.1 Conductors of a control circuit tapped from the load side of a branch circuit protective device shall

be protected by overcurrent devices rated not more than as specified in Table 66.5.

Table 66.5

Overcurrent device ratings for control circuit conductors tapped from load side of branch circuit

protective device

Conductor size Control circuit Branch circuit overcurrent device, amperes
5 overcurrent device, o
AWG (mm*<) amperes Control in wire panel Remote control
larger thgn 14 (larger than 2.1) equal to wire ampacity 400 percent of wire 3001pefcent of wire

ampacity aimpacity

14 (2.1) 20 80 60

16 (1.3) 20 40 20

18 (0.82) 20 25 20

66.11 Operdtor controls

66.11.1 Star

Exception:
requirement.

66.11.2 An i
switches, shd

66.11.3 The
self-latching

67 Markings
67.1 Namep

67.1.1 In ad
industrial ma

67.1.2 Wher
rating of the

operators shall be located above or to the left of the asSociated stop buttons.
Start buttons in series, such as for two-handed centrol, are not required to co
hdustrial control panel provided with operator controls, such as pushbuttons
il also be provided with an emergency stop button.

emergency stop button shall have an’actuator that is a mushroom or palm tyg
ype.

ate markings

dition to the information in 52.1, the nameplate shall include "industrial con
Chinery”, andithe ampere rating of the largest heater load.

provided)with main overcurrent protection, the nameplate shall include "short
brotective device” in amperes.

mply with this

and selector

e, and of the

rol panel for

Circuit current

67.1.3 Wher

) - - - s - ) I e (] I o | - -
e 1dirm UVETUUTTETTU PTULIELHUTT T UTE Pdarich 15 TTeTiucu U pProviuc grutcuturi

or the supply

conductors and the machine, the panel shall be marked “Supply conductor and machine overcurrent
protection provided at main supply terminals.”
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67.2 Operator controls

67.2.1 Each control device shall be identified as to its function by a legend plate placed next to the device.

67.2.2 The color red shall only be used for operators for stop, off, or emergency stop operations.

67.2.3 The actuator of an emergency stop button shall be red and the base of the emergency stop button
actuator shall be yellow.

67.3 Components

67.3.1 All components shall be identified with a designation that corresponds to its designation on the

schematic wi

67.3.2 The d
name and m

67.4 Cautior]

Fing diagram.

utput connections for a robot manipulator arm shall be marked to identify-the
bdel number of the manipulator arm that complies with 66.8.3.

ary marking

67.4.1 An enclosure that does not clearly contain electrical parts shallbe marked, “CAU

Voltage — |
67.1, oran e

Exception: |
controls are

| V", or with a black lightning flash on a yellow background within a black triangl
guivalent marking.

Equipment provided with external electrical deviees such as disconnect handles
ot required to comply with this requirement.

Figure 67.1
Warning symbol (IEC*417, symbol 5036)

/i

manufacturer

TION — High
b as in Figure

and operator
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CRANE CONTROL

68 General

68.1 These requirements cover industrial control panels specifically designed for use with cranes or

hoists.

68.2 Industrial control panels for crane control shall comply with the requirements in Sections 4 — 61 and
also with the requirements in Section 69, Glossary, and Section 70, Construction, which supplement or
modify the general-use industrial control panel requirements.

69 Glossary

69.1 For the

69.2 SHOR
minutes, dug|

70 Construc
70.1 Field w|

70.1.1 Field

purpose of the requirements in Sections 70 — 72, the following definition_appli

T TIME DUTY MOTOR — A motor that is used for a short time periods,usually
to the physical construction of a crane or a hoist.

ion

ring terminals of power circuits

of retaining & field wiring conductor sized in accordance with the ampacities of Table 70

percent of th

70.1.2 Field
capable of re
longest time

a) 1
and

b) 5

crang.

70.1.3 Field
capable of rg

b motor full-load current rating.

wiring terminals for connections to multiple motors intended for short time
taining a field wiring conductor sized intaccordance with the ampacities of Tabl
motor of the group using the sum ofs

DO percent of the largest motar or group of motors controlling a single motion @

) percent of the secand-largest motor or group of motors controlling a single m

h

wiring terminals for connection of secondary resistors of a short time duty m
taining adield wiring conductor sized in accordance with the ampacities of Tab

the secondary currefit rating multiplied by the derating percentage from Table 36.1.

ES.

15, 30, or 60

wiring terminals for connection to a single motor intended for short time duty shall be capable

.1 using 100

Huty shall be
e 70.1 for the

f the crane;

otion of the

otor shall be
le 70.1 using
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Table 70.1
Ampacities of field wiring conductors for use with short time rated motors
Wire size 75°C (167°F) conductor ampacity
AWG or kcmil (mm 2 60 minutes 30 minutes 15 minutes
16 (1.3) 10 12 13
14 (2.2) 25 26 29
12 (3.3) 30 33 37
10 (5.3) 40 43 48
8 (8.4) 55 60 67
6 (13.3) 76 86 96
5 (16.8) 85 95 106
4 (21.2) 100 117 131
3 (26.7) 120 141 158
2 (33.6) 137 160 180
1 (42.4) 143 175 196
1/0 (53.6) 190 233 261
2/0 (67.4) 222 267 299
3/0 (85.0) 280 341 382
4/0 (107) 300 369 413
250 (127) 364 420 470
300 (152) 455 582 652
350 a77) 486 646 724
400 (203) 538 688 771
450 (228) 600 765 857
500 (253) 660 847 949
70.2 Internal wiring
70.2.1 Interrfal wiring to a short time duty,metor shall be sized based on the full-load currgnt carried by
the conductof in accordance with Table 70:2.
Table 70.2
Ampacities ¢f insulated internalfwiring conductors for use with short time rated crane and hoist
motors
Size of conduetors 90°C (194°F) conductor ampacity
AWG or Kcmil (mm 2 60 minutes 30 minutes 15 nfinutes
14 (2.2) 31 32 36
12 (3.-3) 36 AQ 45
10 (5.3) 49 52 58
8 (8.4) 63 69 77
6 (13.3) 83 94 105
5 (16.8) 95 106 119
4 (21.2) 111 130 146
3 (26.7) 131 153 171
2 (33.6) 148 173 194
1 (42.4) 158 192 215
0 (53.6) 211 259 290
2/0 (67.4) 245 294 329

Table'70.2 ' Continued on Next-Page
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Table 70.2 Continued

Size of conductors 90°C (194°F) conductor ampacity
AWG or kemil (mm 2) 60 minutes 30 minutes 15 minutes
3/0 (85.0) 305 372 417
4/0 (107) 319 399 447
250 (127) 400 461 516
300 (152) 497 636 712
350 a77) 542 716 802
400 (203) 593 760 851
450 (228) 660 836 936
500 (253) 726 914 1024

70.3 Disconfecting means

70.3.1 A dis¢onnecting means, other than a circuit breaker, for a circuit supplyingyshort timé¢ duty motors

shall have a horsepower rating with an equivalent full-load current of not less/than either of
a) The full-load current(s) of all motors required for any single, crane motion; or

b) The full-load current(s) of all motors and other loads that are able to be energize
simultaneously.

Exception: [For motor circuits supplied by power conversiomyequipment, the full-load curren
input current|of the power conversion equipment.

70.3.2 A cirquit breaker used as the disconnectingtmeans for a circuit supplying short time
shall be ratedl not less than 125 percent of either#0.3.1 (a) or (b).

70.4 Branch|circuit protection

70.4.1 Two ¢r more motors that operate a single motion of a crane or hoist are able to be
a single motgr and protected by a single set of branch circuit protective devices sized in acq

the requiremgnts for single motdr-branch protection in Section 31, Branch Circuit Protection].

the following:

b

t shall be the

duty motors

evaluated as
ordance with
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70.5 Motor overload protection

70.5.1 Two or more motors that operate a single motion of a crane or hoist and are controlled from a
single motor controller are able to be evaluated as a single motor and protected by a single overload relay
with a trip rating equal to the sum of the full-load currents.

70.5.2 Manually-operated hoist motors rated not more than 7-1/2 horsepower (5.6 kW) and that are not

part of an overhead crane are not required to have overload protection.

70.6 Field wiring of control circuits

70.6.1 The minimum size of field wiring to a control circuit shall be 20 AWG (0.52 mm?2).

70.7 Overcu

70.7.1 Contrn
conductor ca

protective d

rent protection of control circuit

pacity.

ices located in the secondary circuit and rated not morecthan 200 percent of

70.7.2 The %I/rimary and secondary conductors of a control transformer\are protected b

of the secon
71 Ratings

71.1 The na
time duty rat

71.2 The lod
72 Markings
72.1 The na

72.2 The fiel
75°C (167°F

ary conductors.

meplate rating of an industrial control panel fer.crane control shall include the
ng of all short time duty motors controlled,

d ratings of a short time duty motor shall include the short time duty rating.

meplate shall include "Crane Control Panel” or "Hoist Control Panel.”

d wiring terminals ofia power circuit including a short time duty motor shall be n
conductors only,

p| circuit conductors shall have overcurrent protection rated not more thari 300 percent of the

overcurrent
the ampacity

longest short

harked to use
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SERVICE EQUIPMENT USE
73 General

73.1 These requirements cover industrial control panels for service equipment use. These requirements
also apply to other special-use industrial control panels that are intended for use as service equipment.

73.2 Industrial control panels for service equipment use shall comply with the requirements in Sections 4
— 61 and also with the requirements in Sections 74 — 79, which supplement or modify the general-use

industrial control panel requirements.

74 Glossary

74.1 For the

74.2 EQUIR
such as an ¢

purpose of the requirements in Sections 75 — 79, the following definitions lapp

MENT GROUNDING CONDUCTOR — A conductor that bonds an aceessible 1
lectrical enclosure, of load side equipment to the ground or neutral-bus.

74.3 GROU
electrode co

ductor, main bonding jumper, and equipment grounding terminals together.

74.4 GROUND FAULT PROTECTION — Protection required for.sefvices rated 1000 ampe
and derived {form a 3-phase, 4-wire, solidly grounded wye with/a ‘rated voltage in excess of

ground.

V.

netal part,

ND BUS — A bus bar that is bonded to the enclosure and typically connects gifounding

res or more
150 volts to

74.5 GROUNDED SERVICE CONDUCTOR - Service €onductor intended to be connected to the

grounding el

74.6 GROU
conductor to

74.7 MAIN
panel enclos

74.8 NEUT
service cond

ctrode conductor. See 74.6.

NDING ELECTRODE CONDUCTOR™— Conductor that connects the grounded
earth ground and is connected to, either the ground or neutral bus.

BONDING JUMPER — Conductor that connects the neutral bus to the industrig
ire or ground bus.

RAL BUS — Bus barthat is insulated from the enclosure and typically connects
ictor, main bonding jumper, and neutral conductor(s) together. When a ground

service

| control

grounded
bus is not

provided, addlitionally conhects grounding electrode conductor and equipment grounding tefminals.

74.9 NEUT
the load side
and main bo

RAL CONDUCTOR - Current-carrying conductor connected to the ground or n

hding’jumper.

eutral bus on

of thetonnections for the grounded service conductor, grounding electrode conductor,
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75 Construction
75.1 Grounding and bonding

75.1.1 A grounded service conductor terminal and a grounding electrode conductor terminal shall be
provided for all industrial control panels for service equipment use. A main bonding jumper shall be
provided when the grounded service conductor terminal and the grounding electrode conductor terminal
are insulated from the enclosure. See Figures 75.1 — 75.10 for application of requirements for grounding
and bonding conductors and terminals.

Figure 75.1
Single-phase, 3-wire (factory bonded neutral)

®

/

33

r——A

“F@‘

LOAD

S3781

A — Grounded skrvice conductor

B — Grounding glectrode conductor
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Figure 75.2
Single-phase, 3-wire (insulated neutral)

®
B

“F@‘j

LOAD

S3782

A — Grounded sgrvice conductor
B — Grounding glectrode conductor

C — Main bondirjg jumper

Figure, 75.3
Single-phase 3-wire with load neutral’connection (factory bonded neutral)

@

/

35

F——A

‘\F@A

E 1 LOAD
NEUTRAL

DISCONNECT

S3783

A — Grounded service conductor

B — Grounding electrode conductor

N — Neutral load conductor
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Figure 75.4
Single-phase, 3-wire with load neutral connection (insulated neutral)

©
3

“F@‘j
|

LOAD
NEUTRAL L]

DISCONNECT K
|

S3784

A — Grounded sprvice conductor
B — Grounding dglectrode conductor
C — Main bondirjg jumper

N — Neutral load conductor

Figure,75.5
Three-phase, 4-wire (factory bonded neutral)

b.or o

3%

=

@
AN AvoAcA ~

LOAD

S3785

A — Grounded service conductor

B — Grounding electrode conductor
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Figure 75.6
Three-phase, 4-wire (insulated neutral)

®
g

“F@‘j

LOAD

S3786

A — Grounded sgrvice conductor
B — Grounding glectrode conductor

C — Main bondirjg jumper

Figure, 75.7
hree-phase, 4-wire with load neutralconnection (factory bonded neutral)

@

Lo

I+-@ -4

>
; LOAD
NEUTRAL —_

DISCONNECT

S3787

A — Grounded service conductor

B — Grounding electrode conductor

N — Neutral load conductor
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Three-phase, 4-wire with load neutral connection (insulated neutral)

‘”’@‘j
I

Figure 75.8

A
i

T

NEUTRAL—— L

DISCONNECT

N\
$3788
A — Grounded sprvice conductor
B — Grounding dglectrode conductor
C — Main bondirjg jumper
N — Neutral load conductor
Figure,75.9

®

Three-phase, delta end-grounded (factory bonded neutral)

/
|

r——9

‘\F@A

3

LOAD

S3789

A — Grounded service conductor

B — Grounding electrode conductor
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Figure 75.10
Three-phase, delta end-grounded (insulated neutral)
@ b
| 1 1
12 % ¢
8
L ]
: %
JL L ] [ ]
LOAD
S3790
A — Grounded sprvice conductor
B — Grounding glectrode conductor
C — Main bondirjg jumper
75.1.2 For dgther than a three-phase three-wire dglta, the grounded service conductor §erminal shall
accommodate a wire sized not smaller than the grounding electrode conductor specified in 75.1.3. The
grounded selvice conductor terminal for a three=phase three-wire delta service shall accommodate a wire
sized not smaller than the largest ungrotided service conductor. The grounded servige conductor
terminal shal] accommodate a wire sized-not smaller than the main bonding jumper specifigd in 75.1.4.
Exception: The grounded service coriductor terminal is not required to accommodate a wife larger than

the terminals

75.1.3 The ¢
specified in T

for connection of the\largest ungrounded service conductor.

able 75.1,

75.1.4 The
terminals pr

ided to retain the main bonding jumper shall accommodate the wire size invo

rounding electrade conductor terminal shall accommodate a wire sized not snaller than as

le 75.1. The
ved.

Cicain bending jumper, when provided, shall be sized in accordance with Tal

75.1.5 The ground bus and neutral bus, when provided, shall have cross-sectional area not smaller than
that specified in Table 75.1 for the main bonding jumper.

75.1.6 Terminals for equipment grounding conductors, when provided for load side equipment, shall be
sized in accordance with Section 14, Grounding — General.
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Table 75.1
Size of grounding electrode conductor and main or system bonding jumper

Service Size of main bonding jumper or Equivalent cross section of main Size of grounding electrode
or system bonding jumper (minimum) ° | bonding jumper or system bonding conductor (minimum) P
system jumper (minimum)
ampere ) ) )
rating Copper Aluminum Copper Aluminum Copper Aluminum
not AWG or  (mm?2) | AWG or (mm?) |inches?2 (mm?2) |inches? (mm?2) [ AWG (mm?) | AWG (mm?)
ext_:eed- kemil kemil or
ing kemil
90 8 (8.4) 6 (13.3) | 0.013° (8.39) | 0.021¢ (13.55) 8 (8.4) 6 (13.3)
125 Y +3-3 4 (2E2—1—0-024—3-5516-633—2429) 6 4+3-3 4 (21.2)
150 3 (13.3) 4 (21.2) | 0.0219 (13.55) | 0.033¢ (21.29) 6 (13.3) 4 (21.2)
200 i (21.2) 2 (33.6) | 0.033¢ (21.29) | 0.052¢ (33.55) 4 (2%.2) 2 (33.6)
225 4 (33.6) 1/0 (53.5) | 0.052%F (33.55) | 0.083% (53.55) 2 (33%) 1/0 (53.5)

400 1409 (535) | 309  (85.0) | 0.083%9 (53.55) | 0.132%¢ (85.16) | 1/090.X(63.5) | [3/09  (85.0)
500 1o (53.5) 3/0 (85.0) | 0083 (5355)| 0.132 (85.16)| /@) (535) | |3/0  (85.0)
800 0 (67.4) 4/0  (107.2) | 0.105 (67.74) | 0.166 (107.10)| 26  (67.4) | |40  (107.2)
1000 0 (85.0) | 250 (127) | 0132 (85.16) | 0.196 (126.45)[y¥3/0  (85.0) | [250  (127)
1200 2908 (127) 250 (127) | 01962 (126.45)| 0.196 (12645)| 3/0  (85.0) | [250  (127)

1600 3go2  (152) | 400%  (203) | 0.2362 (152.26)| 0.314% (202.58)| 3/0  (85.0) | [250  (127)
2000 4902  (203) | 5002  (253) | 0.314% (202.58)| 033932 (253.55) 3/0  (85.0) | [250  (127)
2500 5§08  (253) | 700%8  (355) | 0.393% (253.58)] 0.5502 (354.84)| 3/0  (85.0) | [250  (127)

3000 602 (304) | 7502  (380) | 0.4712 (304.0) | 0.5892 (380.00)| 3/0  (85.0) | [250  (127)
4000 7902 (380) | 1000%  (506) | 0.5898.“(380.00)| 0.7852% (506.45)| 3/0  (85.0) | [250  (127)

5000 9po (456) | 1250  (633) |, 0:707 (456.0)| 0.982 (633.0)| 30  (85.0) | [250  (127)
6000 1450  (633) | 1500  (760)(|~0.982 (633.0) | 1.178 (760.0)| 3/0  (85.0) | [250  (127)

2 The cross seg¢tion may be reduced to 12.5 percent of the total cross section of the largest main service conducfor(s) of the
same material [copper or aluminum) for @ny.phase on service equipment rated 1200 amperes and above. This applies when the
cross section of the service conductor is-limited by the wire terminal connectors provided.
b These are aldo sizes for the grounded service conductor of 75.1.2.

¢ A No. 8 (4.2 jnm diameter) orlarger brass or No. 10 (4.8 mm diameter) or larger steel screw, the head of which has a green
finish that is vigible after installation, may be used.
d A No. 10 (4.4 mm diametér) or larger brass or steel screw, the head of which has a green finish that is visible 3fter installation,
may be used.
€ A No. 10 (4.8 mmndiameter) or larger brass screw, the head of which has a green finish that is visible after insthllation, may be
used.
f A 1/4 inch (6.4 mm) diameter or larger brass or steel screw, the head of which has a green finish that is visible after
installation, may be used.

9 When the ampere rating is 400 amperes and the wire terminal connectors for the main service conductors are rated for two 3/0
AWG (85 mm?) copper or two 250 kcmil (127 mm?) aluminum conductors but will not accept a 600 kemil (304 mm?2) conductor,
these values may be reduced to 2 AWG [0.052 square inch, (33.55 mm?)] copper or 1/0 AWG [0.083 square inch, (53.55 mm3)]
aluminum.
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75.2 Spacings

75.2.1 The spacings on the supply side of the main overcurrent protection between uninsulated
current-carrying parts of adjacent components and grounded dead-metal parts and at field wiring
terminals shall comply with the spacing requirements specified in Table 10.2 regardless of their location
in the circuit (such as the feeder, branch, or control circuit).

75.3 Field wiring terminals

75.3.1 The field wiring terminals for the ungrounded service conductors shall accommodate the
connection of a conductor sized in accordance with Section 28, Field Wiring.

75.4 Disconfecting means

75.4.1 Adis
as the servic

75.4.2 A m3
service entra|

75.4.3 Nom
the industrial
two disconng
75.4.4 A dis
circuit for poy
means allow

75.5 Neutral

75.5.1 The
shall consist

a) A
b) A
75.5.2 The d

a) A

onnect switch shall comply with 30.1.1 — 30.1.4. A manual motor controlier’sha|
b disconnecting means.

in disconnecting means which simultaneously opens all ungroeunded condud
hce to the panel shall be provided as a part of the industrial.control panel.

| not be used

tors of each

pre than six disconnecting means shall be required to, cOmpletely disconnect the service to

control panel. A service for connection of lighting or-appliances shall not requ
cting means to completely disconnect the service:

connecting means for transient surge proteétion, ground fault equipment, an

re more than

d the control

ver operated disconnecting means shall not®@e counted towards the number of gisconnecting

ed by 75.4.3.
disconnecting means

eutral conductor shall be pravided with a disconnecting means. The disconn
of:

hother pole of the main-disconnecting means; or
removable linkthat complies with 75.5.2.
isconnecting-means required in 75.5.1 is able to be any of the following:

link, 'Screw, or similar conducting piece that connects two terminals.

bcting means

b) W

ilC connectorsora tCIIIIiIIdi piatc Ul llJl.Jb plUVidUd VViﬁI VViIU'IUiIIL“IIg SUICTWS dll

lugs or the equivalent for clamping a 10 AWG (5.3 mm?) or smaller wires.

| upturned

c) A stud provided with wire connectors or lugs or with nuts and cupped washers for clamping
10 AWG (5.3 mm?) or smaller wires.

d) A

multiwire connector.
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75.5.3 With respect to 75.5.2 (b), (c), and (d), the disconnecting means is the joint between the load
conductor and the load conductor connector.

75.5.4 The disconnect link shall be located on the load side of the grounding electrode conductor terminal
and the main bonding jumper terminal, as shown in Figure 75.11. The link shall be located so that
unintentional contact with any uninsulated ungrounded part on the line side of the disconnecting means
does not occur while the link is being removed or replaced. The disconnecting link shall be accessible for
removal without the need for loosening any screws or bolts that secure parts other than the disconnect
link.

Figure 75.11
Neutral disconnecting means location
L1 /N )
L2 /D - LOAD
K L3 | M ) —
MAIN
N $
NEUTRAL
SOURCE ? *
BONDING LINK 2
JUMPER ——= . — GROUND
BUS
GROUNDING
ELECTRODE —=
CONDUCTOR
S3780 —_
75.6 Ground-fault pretection
75.6.1 A deViceprovided for ground fault protection for equipment as required in 75.6.2 shall comply with
the requiremgnts_in the Standard for Ground-Fault Sensing and Relaying Equipment, UL |[1053. Circuit

breakers that have been investigated to the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches, and Circuit-Breaker Enclosures, UL 489 and include ground-fault protection for equipment
comply with this requirement.

75.6.2 Equipment intended for 3-phase, 4-wire, solidly grounded wye-connected services rated in excess
of 150 volts to ground, and not exceeding 600 volts phase-to-phase, shall be provided with ground-fault
protection for each service disconnecting means rated 1000 amperes or more. The ground-fault protection
equipment provided shall operate to cause the service disconnecting means to open all ungrounded
conductors of the faulted circuit. The maximum setting of the ground-fault protection shall be 1200
amperes.
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Exception: Ground-fault protection is not required to be provided for equipment marked in accordance

with 77.5.4.

75.6.3 Compliance with the requirements specified in 75.6.1 and 79.1 anticipates that each service
disconnect device to which the requirement applies is provided with automatic tripping means for actuating
by ground-fault sensing and relaying equipment that is able to be a part of the service disconnect device
or a separate device.

75.6.4 Ground-fault sensing and relaying equipment that is not a part of the disconnect device shall be
mounted in the equipment enclosure and connected to the disconnect device and power source. The
rating of the disconnect device control circuit shall be compatible with that of the sensing and relaying

components.

75.6.5 A grg
service cond
referred to &
element is Iq
conductor. It
typical zero-9

uctor, when provided, and all ungrounded conductors of the protected circu
s a zero-sequence type system) shall be connected in such a mannér that
cated on the load side of any grounding or bonding connectiop..to'the grou
is able to be on the line or load side of the disconnecting device-for the prote
equence type system is shown in Figure 75.12.

Figure 75.12
Zero-sequence system

5—-PHASE, 4-WIRE

und fault protection system that employs a sensing element that encircles Jhe grounded
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the sensing
nded service
ted circuit. A
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-~
A
B ~~
|
g N—e i
5 NI
GF. | ___ |
RELAY
GROUND BUS

=

S3193

75.6.6 A ground fault protection system that combines the outputs of separate sensing elements for the
grounded service conductor, if any, and each ungrounded conductor (commonly referred to as a residual
type system) shall be installed in such a manner that the neutral sensing element is located on the load
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side of any grounding or bonding connection to the grounded service conductor. The ungrounded
conductor sensors are able to be within or on the line or load side of the disconnecting device for the
protected circuits. A typical residual type system is shown in Figure 75.13.

Figure 75.13
Residual system

5—-PHASE, 4-WIRE

TRANSFORMER
MAIN
é/ A — an
[ B S _Iml_
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r N E [
G
RELAY
GROUND BUS

1
S3192 =

75.6.7 A ground fault protection system-that employs a single sensing element to detect the actual fault
current (commonly referred to as a ground return system) shall be installed in such a manner that the
sensing element detects any cutrent that flows in the grounding electrode conductor, the fnain bonding
jumper, and any other grounding connection within the equipment that is able to be made to the grounded
service condpictor. This will require that, other than for the connections mentioned, the groynded service
conductor bg insulated.fram the noncurrent-carrying metal. A typical ground return systenp is shown in
Figure 75.14
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Figure 75.14
Ground return system
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75.6.8 Wher the construction of ground fault seqsing and relaying equipment is such

operation is r
or test, the ¢
be controlled

75.6.9 The
line or load s
to two line vq
to the line s

equipment and that provides.overcurrent protection shall be installed on the line side of the t

control circui
protection is
the control ci

bnstruction shall prohibit the closing and maintaining contact of the disconnec
by the ground-fault sensing and-relaying equipment until the reset operation

de of the main disconnect. The primary of the control circuit transformer shall
Itage parts (not a phase conductor and the grounded service conductor). Wh
de of the main,(a)fused disconnect switch or circuit breaker that is intende

[ or both, and*the service equipment shall be marked as specified in 77.5.2
not required for the control circuit when wired to the load side of the main discg
Fcuit witing leaves the enclosure.

that a reset

pquired to restore the equipment to-functional status following operation due to § ground fault

ing device to
s performed.

rimary of a ground-fault/protection control circuit transformer is able to be confected on the

be connected
bn connected
d for service
ansformer or
Overcurrent
nnect unless

75.6.10 The

secondary circuit of a control power transformer for the ground fault protection|

system shall

be grounded when the circuit extends or is able to extend beyond the equipment in which the transformer
is mounted and when the secondary voltage:

a) Is less than 50 volts and the transformer supply is greater than 150 volts to ground or the

trans

former supply at any voltage is ungrounded; or

b) Is 50 volts or greater and the secondary circuit is capable of being grounded so that the
maximum voltage to ground on the ungrounded conductors does not exceed 150 volts.
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75.6.11 When a transformer secondary is required to be grounded in accordance with 75.6.10 a main
bonding jumper shall be factory connected to the transformer secondary and to the ground bus (or the
terminal for the grounding electrode conductor when there is no ground bus). The size of the main
bonding jumper shall be as specified in Table 75.1 based on the transformer secondary current rating.

75.6.12 In equipment incorporating ground-fault protection of the ground return type as described in
75.6.7, the main bonding jumper shall be factory connected to the neutral bus and to the enclosure or the
ground bus, and the equipment shall be marked as specified in 77.1.1.

75.7 Overcurrent protection

75.7.1 Overcurrent protective devices shall comply with 31.1 or 32.1, as applicable.

75.7.2 The dquipment is able to be provided with overcurrent protection consisting of:

a) Alsingle main overcurrent protective device (fuse or circuit breaker pole).in serigs with each
ungrpunded service conductor; or

b) Fpr other than control of a lighting and appliance circuit, not mere than six overgurrent
protective devices for each ungrounded service conductor (or set.of parallel condugtors of the
sameg polarity).

Overcurrent

and fusehold
respectively)
of their curre

75.7.3 No ov
simultaneouy

75.8 Compo

75.8.1 Othe
service disco

brotective devices of the same polarity are able to)be connected together on
ers shall not be arranged for accommodation of\fuses in parallel (both line an
When two overcurrent devices per pole are used for a lighting and appliance ci
Nt ratings shall equal that of the full-load cuttent.

ercurrent protective device shall be placed in any permanently grounded condt
ly opens all conductors of the circuit.

hents on the supply side of the disconnecting means

than as specified in 75:8.2'— 75.8.4, components shall not be located on the i
nnecting means.

75.8.2 A meter socket shallcaomply with the Standard for Meter Sockets, UL 414 and is able

on the line si

75.8.3 Contr
covered by ]

e of the servicé disconnecting means.

pl circuits) for power operable service disconnecting means, or for ground fa
5.6, ‘are able to be connected to the line side of the service disconnecting

provided with

the line side,
d load sides,
Fcuit, the sum

ctor unless it

ne side of the

to be located

ult protection
means when

disconnecting means and overcurrent protection.

75.8.4 A surge arrester of the metal-oxide type shall comply with ANSI/IEEE C62.11-1993, Standard for
Metal Oxide Surge Arresters for AC Power Circuits. All other types of surge arresters shall comply with
IEEE C62.1-1994, Standard for Gapped Silicon-Carbide Surge Arresters for AC Power Circuits.
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76 Ratings

76.1 An industrial control panel intended for use on a supply circuit involving two different potentials, such
as 120/240 volts, 3-wire, or 208Y/120 volts, 3-phase, 4-wire, shall have a suitable combination voltage
rating as indicated in 76.2.

76.2 The requirement in 76.1 is in regard to the combination rating of an industrial control panel that is
intended for use only on circuits such as:

a) 120/240 volt, single phase, 3-wire, ac, with grounded neutral;

b) 125/250 volts, 3-wire, dc, with grounded neutral;

C) 2(l)8Y/120 volt, 3-wire, ac (from 3-phase, 4-wire network);

d) 480Y/277 volt, 3-wire, ac (from 3-phase, 4-wire network);

e) 2

f) 24

D8Y/120 volt, 3-phase, 4-wire;

0/120 volt, 3-phase, 4-wire, delta; or

g) 480Y/277 volt, 3-phase, 4-wire.

76.3 An indu
rating for ead

77 Markings
77.1 Bonded
77.1.1 Equig
accommodat]

service equip

77.1.2 Equip
marked "Bon

strial control panel for service equipment use shall be provided with a short
h input that complies with the requirements iR*Supplement SB.

neutral

ment having a neutral that is“factory bonded to the enclosure and that i
ng not more than six main.‘disconnecting means shall be marked "Suitable or
ment.”

ment that has the\neutral bonded at the factory by a removable bonding mg
ded neutral, remove bonding means for test purposes only."

tircuit current

5 capable of
ly for use as

pans shall be
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77.2 Insulated neutral
77.2.1 Equipment having a neutral insulated from the enclosure, intended for use as service equipment,
and that accommodates not more than six main disconnecting means shall be marked "Suitable for use
as service equipment.”

77.3 Marking location

77.3.1 The markings specified in 77.1 and 77.2 shall be an integral part of the manufacturer's nameplate
marking containing the manufacturer’'s name or trademark as specified in 52.1.

77.4 Disconnects

77.4.1 Each

service disconnecting means for ungrounded conductors shall be_marl

disconnect” s specified in 77.4.2 and 77.4.3.

Exception N
"Service disq
service discd

Exception Nd
is not require

77.4.2 Fore
identifying a
to the switch

77.4.3 Wher]
disconnect” {
instructions t

77.5 Ground

77.5.1 Wher
feeder, or br
equipment a
marking visib
be provided.

77.5.2 Wher
side of the

. 1: Several adjacent service disconnects are able to be identified)'by the s
onnects' together with an indication as to which switch or circuit-breaker ha
nnects.

d to be so marked.

Huipment marked as "Suitable only for use as service equipment,” the marking
Service disconnecting switch or circuit breakerxequired in 77.4.1 is to appear o
or circuit breaker handles where visible withiout removing a trim or dead front.

the equipment is marked "Suitable for use as service equipment,” the mar
hall be provided in the form of pressure sensitive labels in an envelope, or of
D apply near the disconnect handles when the equipment is used as service e

Hfault protection

ground-fault protection-is provided, a marking shall be provided to indicate the
anch) that is so pratected. The marking shall be on the ground-fault sensin
hd shall be visible’ from the front of the equipment with a cover removed, @
le from the frant of the equipment with a cover removed (such as on a wiring d

a transformer providing control voltage for ground-fault protection is connect
mainvdisconnect, this disconnect is able to be identified as the "main” anc

ed "Service

ngle marking
hdles are the

. 2: A disconnect means provided for the control circuit©f a ground-fault protéction system

or indication
n or adjacent

ing "Service
a card, with
juipment.

circuit (main,
g or relaying
r a separate
iagram) shall

bd to the line
the service

equipment st

[T ! ! N PR ) H H LS ARSI Tl H !
dil UC TTarkcu aujdLetit U U 1miaim UiSLUTNTeLt UANGLER = TTIS THairm Uutcs 11

control and instrument circuits.”

ot disconnect

77.5.3 In equipment with ground-fault protection, the part of the neutral bus for load termination shall be
marked "WARNING — Do not connect grounding conductors to these or any other neutral terminals; to do
so will defeat ground-fault protection.” The marking shall be located on or adjacent to the portion of the
grounded service conductor for load terminals.
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77.5.4 Equipment that is not provided with ground-fault protection as specified in the Exception to 75.6.2
shall be marked for its intended use as follows:

a) For equipment rated 3-phase, 4-wire, "Suitable only for use as service equipment when

supp

lying a continuous industrial process”; or

b) For equipment rated 3-phase, 3-wire, "Suitable only for use as service equipment when
supplying a continuous industrial process or for systems where the neutral is not solidly
grounded.”

78 Installation Instructions

78.1 To proyide for system performance testing, each ground-fault relay or apparatus Jntorporating a
ground fault felay or its functions intended for protection of a solidly grounded wye service.ra
150 volts to dround and not exceeding 600 volts phase-to-phase shall be provided with inforr
describing system testing instructions, and with a test form. The form shall include.a”space
the test was performed and the results, and shall state that the form should be retained by th
of the buildifjg’s electrical installation in order to be available to the authaority’ having juri
instructions ghall include the following items and shall basically prescribe Qnly that informati
to perform the tests. The instructions shall be separate and apart from any’more elaborate t

the manufac
a) T
pers

b) T
This

)T
exist
able

d T
curre
by a

rer wishes to provide. The instructions shall specify that:

ne interconnected system shall be investigated in@aceordance with the panel

man:tfacturer’s detailed instructions, and that this investigation is to be undertaken

nnel.

ne location of the sensors around the bus_of the circuit to be protected shall be
can be done visually with knowledge_ ef*which bus is involved.

e grounding points of the system, shall be verified to determine that ground pa
that would bypass the sensars."The use of high-voltage testers and resistance
to be suggested.

ne installed system is_to be tested for correct response by the application of fu
nt into the equipment to duplicate a ground-fault condition, or by equivalent mg
simulated faultCurrent generated by:

1) A coilaround the sensors; or

2)%A separate test winding in the sensors.

d more than
hation sheets
b for the date
bse in charge
sdiction. The
bn necessary
pst detall that

by qualified

determined.

ths do not
bridges is

| scale
pans such as

L £ bl ' o L 1L L L 4l n a4 = | L bl ) - b =
TS TESUIS O the" tEStSsiTall 0e reCoruet oI e (ST ToMT Providea Wit the mstructions.
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79 Tests By The Manufacturer — Ground-Fault Protection Test

79.1 With a simulated fault current flowing as described in 79.2, a factory test shall be conducted for each
switchboard section or interior incorporating ground-fault protection equipment to determine that the
ground-fault sensing and protective equipment functions. The primary of the control transformer, when
provided, is to be energized at not more than 57 percent of its voltage rating. The relay is able to be set
for any convenient pickup value. Following this test, with simulated ground fault current no longer flowing,
an attempt is to be made to close the main switch or circuit breaker without pushing any reset button.
When the switch or breaker stays closed, the simulated ground-fault current is to be reapplied and the
ground-fault protection system shall function.

Exception No. 1: The factory test is not required for a residual type ground-fault protector when:

a) eration is powered by the fault current itself so that no other control circuit. pdtential is
required,; and

b) The ground fault protection other than the neutral current sensor is-contained within and has
been investigated with the circuit breaker or switch.

Exception Nqg. 2: The applied voltage may approximately be rated voltageswhen the particulal combination
of transformer, ground-fault sensing and relaying equipment, and)disconnecting meahs has been
previously tested at not more than 57 percent of rated voltage.

79.2 One method of simulating a ground fault current is by~wrapping a number of turns offwire through
the sensor. A current approximately 125 percent of the piékup setting of the relay divided by the number
of turns is passed through the wire to simulate the ground-fault current. Other methods of simulating a
ground-fault gurrent are able to be used when agreed\tipon by all concerned.

ELEVATOR CONTROL
80 General

80.1 These fequirements cover industrial control panels intended for control of elevators, Jumbwaiters,
escalators, moving walks, inclined_lifts, and associated equipment.

80.2 An elevator control panel-to be evaluated for risks of fire and electric shock only shall comply with
Sections 4 —| 61 of this standard. The marking on the panel shall indicate that the panel i intended for
ol and th€.extent of the investigation.

tor ¢ontrol panel complying with Sections 4 — 61 of this standard, and additionglly complying
with ANSI/ASME;A17.1, American National Standard Safety Code for Elevators and Escalafors, and with
ANSI/ASME 5; i i ipment, shall
be marked to indicate the panel is intended for elevator control and the extent of the investigation.
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FLAME CON

81 General

TROL

81.1 These requirements cover industrial control panels intended for control of fossil fuel-burning
equipment such as incinerators, kilns, and drying ovens. A flame control panel shall contain one or more
primary safety controls and/or ignition transformers.

81.2 For the purpose of these requirements, a primary safety control is a device that controls and

monitors the

operation of the burner.

81.3 For the purpose of these requirements, an ignition transformer is an isolating transformer with a

high-voltage

81.4 A flamq

shall also comply with Section 82, Construction.

82 Construc
82.1 Compo

82.1.1 A pri

Household and Similar Use — Part 2: Particular Requirements for Burner Ignition 9

Components

82.1.2 An ignition transformer shall comply with thé& requirements in the Standard

Transformer9

82.1.3 A hig

82.2 Spacings

82.2.1 Unin
ungrounded
grounded de

Exception:
a grounded ¢

secondary winding that Is used to create a spark to light a pilot flame.

control panel shall comply with the requirements in Sections 4 — 61 ©f\this

ion
nent requirements
mary safety control shall comply with the Standard:for Automatic Electrical

UL 372.

, UL 506.

n-voltage ignition cable shall comply~with the Standard for Gas-Tube-Sign Cab

bhall have spacings in accordance with Table 82.1 between parts of opposite p
hd-metal parts ingluding the enclosure.

[hese spacings are not required to be maintained between a grounded secon
Jead-metalpart.

standard and

Controls for
bystems and

or Specialty

e, UL 814.

sulated live parts of the high-voltage secondary of the ignition transformer that are

olarity and to

dary part and
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Table 82.1

Minimum spacings involving live secondary parts

Transformer Through air Over surface
secondary voltage . ]
rating, volts inches (mm) inches (mm)
0 — 5,000 1/2 (12.7) 3/4 (19.1)
5,001 — 10,000 7/8 (22.2) 1-1/4 (31.8)
10,001 — 12,000 1-1/8 (28.6) 1-1/2 (38.1)
12,001 - 15,000 1-1/2 (38.1) 2 (50.8)

82.3 Internal

wiring

82.3.1 Intern
a voltage rat

82.4 Locatio

82.4.1 The
components

82.5 Separa

82.5.1 Intern

ion of circuits

al wiring to an ungrounded part of the ignition transformer shall comply wjth*82J1.3 and have
ng not less than the rated secondary voltage of the ignition transformer.

putput from a primary safety control to the main gas valve-shall not have interposing
that are able to switch or isolate the control voltage.

al wiring and field wiring terminals to the high-voltage secondary of the ignitiop transformer

shall be segriegated or separated by barriers from uninsulated live parts, internal wiring, arjd field wiring

of all other ¢
82.6 Overcu

82.6.1 The j
with Section

83 Marking

83.1 The nal

rcuits.

rent protection

rimary winding of an ignition fransformer shall have overcurrent protection ifi accordance
12, Overcurrent Protection —=Control Circuits (Isolated Secondary).

meplate required in'52.1 shall additionally include the words "Flame Control Panel.”
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MARINE USE

84 General

84.1 These requirements cover industrial control panels intended for use aboard vessels over 65 feet
(19.9 m) in length [USCG Electrical Engineering Regulations Subchapter J (46 CFR, Part 110)]. These

requirements

supplement the applicable requirements in Sections 4 — 61 of this standard.

85 Construction

85.1 Enclosures

85.1.1 An el
section.

85.1.2 An ern
a) N

b) D
encla

c) W

85.1.3 Cabils
enclosures s
shall be provj

85.1.4 A con
(610 mm) wi

85.1.5 Equip
equipment m
circuit is ene

closure shall comply with the requirements In Sections 18 — 27 except as ma

closure shall be one of the following types:
pnwatertight and in compliance with the requirements for Type L-enclosures;

Fipproof and in compliance with the requirements for Type, 2+-3, 3R, 3S, 5, 12,
sures; or

atertight and in compliance with the requirements/for/Type 4, 4X, 6, or 6P eng

entrance plates, when provided, for watettight enclosures and at the top
hall be at least 1/8 inch (3.2 mm) thick and.shall be fitted with gaskets. Watertig
ded with external feet or external lugs for>mounting.

troller having doors that are either more than 45 inches (1.14 m) high or more tf
le shall be provided with door positioners and stops.

ment mounted on a doer'shall be constructed or shielded so that no live
ounted on the door will'be ‘exposed to unintentional contact when the door is
gized.

dified by this

or 13
losures.

of dripproof
ht enclosures

an 24 inches

parts of the
bpen and the
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85.2 Autotransformer starters

85.2.1 An autotransformer starter with a case for oil shall not leak when tilted to an angle of 30 degrees
and shall be constructed to prohibit the oil from splashing out of the case as a result of motion of the

vessel.

85.3 Insulating materials

85.3.1 Porcelain shall not be used for lampholders, switches, receptacles, fuse blocks, or similar parts,
where the material is rigidly fastened by machine screws or equivalent means.

85.4 Branch

circuit overcurrent devices

85.4.1 Plug
86 Ratings
86.1 An ami
87 Markings

87.1 The na
following: "In

87.2 A heat-
door. An adh
Labeling Sys|

87.3 A dripq
"Watertight |’

AIR CONDIT]
88 General

88.1 These
conditioning

88.2 A pane
in Sections 4
or modify the

uses of Edison-screw and renewable-link cartridge type fuses shall not beruse

ient temperature rating of 40°C (104°F) shall be assigned to alleontrol panels

meplate required in 52.1 shall additionally include thel ambient temperature r
Hustrial Control Panel for Marine Use."”

resistant, durable wiring diagram shall be perfahently attached to the inside of
esive-backed label used for this marking.shall comply with the Standard for
tems, UL 969, for the surface and environment involved.

roof or watertight enclosure that\ecomplies with 85.1.2 shall be marked "
as appropriate.

IONING AND REFRIGERATION EQUIPMENT

equirements cover industrial control panels intended for control of electric md
hnd refrigeration equipment, including hermetic refrigerant motor compressors.

for usé with air conditioning and refrigeration equipment shall comply with the
— 61%0f*this standard and also with the requirements in Sections 89 — 92, whic
general-use requirements.

hting and the

the controller
Marking and

Dripproof” or

tor driven air

requirements
N supplement
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89 Glossary

89.1 For the purpose of applying the requirements in Sections 90 — 92, the following definition applies.

89.2 BRANCH CIRCUIT SELECTION CURRENT — Maximum continuous current allowed by running
overload protective, such as a thermal protector, provided as part of the motor. The branch circuit
selection current is equal to or greater than the rated load current and is included on the motor

nameplate.

90 Construction

90.1 Field wiring sizing — power circuit

90.1.1 Forh
125 percent

Exception:

ermetic refrigerant compressor motors, the anticipated field wiring shall have'a
bf the full-load current rating of the load involved.

For a hermetic refrigerant compressor motor with a designated-branch ciri

current, the field wiring terminal shall be sized per 28.3.1, based on the brafich’ circuit selg

90.2 Disconmecting switches — power circuits

90.2.1 A dis
accordance

a T
b) T
90.3 Branch
90.3.1 The

a) B
circu

b) D
rega

connecting means for control of a hermetic refrigerant compressor motor sha
vith 30.2.2, using the larger of:

ne motor full-load current; or
ne branch circuit selection current and the*motor locked rotor current.

circuit protection sizing — power circuits

ased on the full-load motor current calculated from Table 50.1 or Table 50.2, 9
t selection current, whichever is higher; and

dless of the typé of branch circuit protective device employed.

h ampacity of

Cuit selection
ction current.

| be sized in

ize of branch circuit protection for a hermetic refrigerant motor compressor shall be:

r the branch

ptermined using thé maximum ratings for dual element (time-delay) fuses of Table 31.1,
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90.4 Load controllers — power circuits

90.4.1 An electro-magnetic load controller for control of a hermetic refrigerant motor compressor shall
comply with the requirements for a definite-purpose motor controller specified in the Standard for Industrial
Control Equipment, UL 508.

90.4.2 A solid-state motor controller or a variable speed drive for control of a hermetic refrigerant motor
compressor shall comply with the requirements specified in the Standard for Industrial Control Equipment,
UL 508, or the Standard for Power Conversion Equipment, UL 508C.

90.4.3 A definite-purpose controller for a hermetic refrigerant motor compressor shall:

a) Hpve a voltage rating not less than the rated voltage of the circuit;

b) Hpave an FLA (full-load ampere) rating not less than the full-load current of\the nmotor or the
bran¢h circuit selection current, whichever is higher; and

c) Hpve an LRA (locked rotor ampere) rating not less than the LRA %ating of the mptor.
90.4.4 A solid state motor controller or a variable speed drive shall comply with 90.4.3 (a) ¢r (b).
91 Ratings
91.1 The oufput terminals for connection to a hermetic refrigeration motor compressor shall be rated in:

a) FLA of motor or branch circuit selection currént, whichever is used for sizing of gomponents
in Sgction 90, Construction;

b) LRA; and
c) Volts.
92 Marking

92.1 The nameplate required in 52.1 shall additionally include "Industrial Control Panel for|Refrigeration
Equipment” @r "Industrial Control Panel for Air Conditioning Equipment.”
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FOUNTAIN CONTROL PANELS

93 General

93.1 These requirements cover fountain control panels intended for control of permanently installed
fountains or floating fountains intended for aeration or aesthetic value.

93.2 A fountain control panel shall comply with the requirements in Sections 4 — 61 of this standard and
also with the requirements in Sections 94 — 96, which supplement or modify the general-use requirements.

94 Construction

94.1 Grounding

94.1.1 The ¢quipment grounding terminal(s) for the controller’'s supply circuit and¢for cor

circuits that
larger of a 1
overcurrent I

a P

b) U
trang

94.1.2 Contr
shall comply
1563, Supple
Conduit Con

re intended for supplying any of the following types of equipment shall" acco
P AWG conductor and the conductor size required by Table 15.4-based upo
rotection for the circuit.

Limp motor,
hderwater luminaire supplied directly or through a field“provided, external-to-ca

former, junction box, GFCI, or other device.

with the Standard for Electric Spas, Equipmeéent Assemblies, and Associated E
ment SA — Supplemental Requirements“for Enclosures of Products Construct
hection To A Wet-Niche or No-Niche-luminaire except those portions relatir]

Supplementgl Bonding conductors.

94.2 Ground
94.2.1 A con
shall include
requirement
Circuit-Interry

a) S

b) U

— fault protection

troller with output circuits_intended for connection to any of the following types
ground-fault circuitinterrupter protection for the circuit. The GFCI shall cor
s for a Class A~ground-fault circuit interrupter in the Standard for @
pters, UL 943,

Libmersiblepumps

hderwater luminaires (pool or fountain)

troller output
mmodate the
n the size of

ntroller,

pllers intended for direct conduit connection foswet-niche or no-niche underwafter luminaires

uipment, UL
ed For Direct
g to 8 AWG

of equipment
nply with the
bround-Fault

c) O

iICI bUIL)I I |c|aibic Uquiplllbl It

Exception No. 1: Ground-fault circuit-interrupter protection is not required for output circuits for the
equipment of items (b) and (c) provided the output circuit operates at:

a) 15 volts AC, or less, and is supplied by an isolating transformer that is integral with the
controller and that complies with the requirements specified in the Outline of Investigation for
Power Units for Fountain, Swimming Pool, and Spa Luminaires, UL 379, or

b) 30 volts DC, or less, and is supplied by an isolating power supply that is integral with the
controller and that complies with the requirements specified in the Outline of Investigation for
Power Units for Fountain, Swimming Pool, and Spa Luminaires, UL 379.
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Exception No. 2: Controllers marked with the following or equivalent: " This controller is not provided with
integral GFCI protection for the [ ] circuit. When this controller is used to supply this type of equipment,
suitable GFCI protection (or a swimming pool type transformer or power supply) shall be provided in the
field'. The blank shall be filled in with the type of equipment for which the circuits are intended. The terms
in parenthesis are optional.

94.3 Equipotential bonding
94.3.1 A pressure wire connector, sized to accommodate an 8 AWG (8.4 mm?) solid copper conductor,

shall be provided to bond the unit, if needed, to the local bonding grid during installation. The wire
connector shall be conductively connected to the equipment grounding means.

94.4 Cord strain relief

94.4.1 Units|intended to terminate the cords from remote submersible luminaires or-floafing fountains
shall be provided with integral strain relief or cord grip fittings suitable for the size-of ‘cords|involved that
comply with the Standard for Conduit, Tubing and Cable Fittings, UL 514B.

95 Ratings
95.1 The mgximum voltage between conductors on the load side of theé)panel for connection|to luminaires
(lighting fixtufes) shall not be more than 150 Volts where lighting-lgad is connected betwegn one of line

leads and neutral.

95.2 The maximum voltage between conductors on théload side of the panel for cornection to a
submersible pump and other submersible equipment shall not be more than 300 Volts.

96 Marking

96.1 The ngmeplate required in 52.1 shallcadditionally include “Industrial Control Pane| for Floating
Fountain” or [Industrial Control Panel for Bermanently Installed Fountain” or “Fountain Control Panel”.

96.2 For panels intended to control ‘a_non-submersible, single phase, 120 or 240 volt motor, the motor
output termifals on the panel or. installation drawing shall be additionally marked “Not For Control of
Submersible [Motor” or the equivalent.

96.3 The ingtallation instructions for controllers intended for connection to floating fountaing shall specify
mounting a minimum @f2300 mm (12 in.) above the electrical datum plane.
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INDUSTRIAL CONTROL PANELS FOR IRRIGATION EQUIPMENT

97 General

97.1 These requirements cover industrial control panels intended for control of electrically operated

irrigation equ

ipment.

97.2 An industrial control panel for irrigation equipment shall comply with the requirements in Sections 4
— 61 of this standard and also with the requirements in Sections 97 — 99, which supplement or modify the
general-use requirements.

98 Construction

98.1 Sizing (I)f motor controller

98.1.1 Fora
sized in accd

98.1.2 For n
motor HP fro

remaining motor loads and also have a locked rotor current rating basSed on the motor hors

Table 50.3 fd
single phase
of all remaini

98.1.3 For a
current rating
ratings of all
locked rotor

98.2 Disconmecting means

n industrial control panel is intended for intermittent duty only, a motor-controlle
rdance with 98.1.2 or 98.1.3.

arked for intermittent duty only, the full load current rating, or equivalent FLA
I Table 50.1, shall be not less than 125 percent of the largest motor plus 100

r three phase motors, or six times the equivalent ELA from the motor HP — T
motors, shall be not less than the locked rotor current’of the two largest motors
g motors.

h industrial control panel marked for use_with a center pivot irrigation machine
shall be not less than 125 percent of thelargest motor plus 60 percent of the fu
remaining motors and also shall hayé*a locked rotor current rating of 200 p
current of the largest motor plus 80\percent of the FLA'’s of all remaining moto

is able to be

pased on the
percent of all
epower from
able 50.1 for
plus the FLA

| the full load
| load current
ercent of the
S.

device when

98.2.1 The disconnecting means shallbe sized not less than 98.1.
98.3 Branch|circuit protection
98.3.1 Sevefal motors may. be protected by a 30 A, 600 V or smaller branch circuit protective
all of the follgwing aredmet:
a) A|l motars are rated 2 hp or less;
b) ThefotHoad—currentof eachrmotoris ot more-tham 6A—=and

c) Each motor is provided with individual motor overload protection and the branch circuit
protection does not exceed the ratings on the overload relay heater table.
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98.4 Internal

conductors

98.4.1 Internal conductors that carry the current of multiple motor loads shall be sized to the full load
current as determined in 98.1.

99 Marking

99.1 The industrial control panel nameplate shall include the following information:

a) The rating of the main disconnecting means and branch circuit protection if not provided in
the industrial control panel;

b) “I
cented

c) T
of 98

hdustrial Control Panel for Electric Irrigation Equipment” or “Industrial control p
r pivot irrigation equipment”, as appropriate; and

he output ratings for motors shall be marked, “intermittent duty only”,swhéen the
.1.2 have been applied for sizing the motor controller and disconpecting mean

anel for

provisions
5.
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SUPPLEMENT SA - SPECIFIC COMPONENT REQUIREMENTS
COMPONENT REQUIREMENTS
SA1 Listed Components

SAl.1 Listed devices that comply with specific component requirements of this standard are specified in
Table SA1.1. Listed equipment other than as described in Table SA1.1 that is intended to comply with
specific component requirements in this standard shall be described in the manufacturer's Procedure.
Listed equipment described in Table SA1.1 as requiring procedure description shall be described in the
manufacturer's Procedure in order to be used.

Table SAl1.1
Components that comply with specific requirements

Paragraph reference Component UL Standard Category control Ndtes
description number(s)

Section 12 — Insulating Barriers meeting component selection requirements of 12.2

12.2(a)(1) Generic materials - - Type and mirjimum
thickness as gpecified in
Table 12.1, djmensions of
barrier shall dlso comply
with 12.1
12.2(a)(2) Recognized Sleeving UL 1441 UZFT2 90°C (194°F)|minimum and
for voltage inyolved, as
noted on Redognition
Information Ppge,
dimensions of sleeving
applied shall plso comply
with 12.1
12.2(a)2) Recognized Tubing UL 224 YDPU2 90°C (194°F)[minimum and
for voltage inyolved, as
noted on Redognition
Information Pjge,
dimensions of sleeving
applied shall plso comply

with 12.1
12.2 Excgption Othetr; insulating UL 508 - Construction fescribed in
barriers Procedure

Section 13 — Insulating materials meeting component selection requirements of 13.2

13.2) Generic materials - - Material type [and minimum
thickness-as-specified in
Table 13.1, shall also
comply with 13.2(b)

13.2 Recognized Standoffs UL 67, UL 891 QEUY2 Any insulating standoff that
complies with 13.2(b)
13.2 Exception Other insulating UL 508 - Construction described in
materials Procedure

Section 14 — Grounding Terminals meeting component selection requirements of 14.2

Table SA1.1 Continued‘on Next-Page
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