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INTRODUCTION
1 Scope

1.1 These requirements cover industrial control devices, and devices accessory thereto, for starting,
stopping, regulating, controlling, or protecting electric motors. These requirements also cover industrial
control devices or systems that store or process information and are provided with an output motor control
function(s). This equipment is for use in ordinary locations in accordance with the National Electrical Code,
NFPA 70. These requirements do not include requirements for the evaluation of equipment intended for
use in functional safety applications.

1.2 These requirements cover devices rated 1500 volts or less. Industrial control equipment covered b
these requirements is intefided for use in an ambient temperature of 0 — 40 °C (32 — 104 °F) unlesg
specifically indicated for usg in other conditions.

1.3 Examples of industrial[control devices described in 1.1 are:
a) Solid-state starterg and controllers.
b) Pushbutton stations, including selector switches and pilot lights.
c¢) Control circuit swijches and relays.
d) Float, flow, pressyre, and vacuum-operated switches.
e) Resistors and rhepstats.
f) Proximity switcheg.
g) Time-delay relays|{and switches.

h) Resistors and rh¢ostats intended for industrial*heating and lighting, including those for moto
generator fields.

i) Control devices intended for industriakheating and lighting.
j) Solid-state time-dglay relays.
k) Numerical controlisystems,

[) Lighting dimmer systems:and controls.

m) Mercury-tube switekes:

n) Solid-state logic controllers.

0) Industrial microprocessor/computer systems.
p) Variable voltage autotransformer.

q) Motor starting autotransformer.

1.4 Industrial control panels are covered by the requirements in the Standard for Industrial Control
Panels, UL 508A.

1.5 Fire pump controllers are covered by the requirements in the Standard for Fire Pump Controllers, UL
218.
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1.6 An adjustable-speed drive and accessories or modules for use with an adjustable-speed drive are
covered by the Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety
Requirements — Electrical, Thermal, and Energy, UL 61800-5-1.

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

1.8 Devices that regulate temperature and/or control refrigeration equipment are covered by the
Standard for Temperature-Indicating and -Regulating Equipment, UL 873, and other applicable standards.
Compliance with the Standard for Automatic Electrical Controls for Household and Similar Use, Part 1:
General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series fulfills
these requirements.

1.9 Electrical instruments are covered by the Standard for Electrical Analog Instruments— Panel Board

Types, UL 1437.

1.10 Products consisting o
a common load or output b
Switch Equipment, UL 1008

f interlocked controllers and similar assembilies, intended to transfer power to
btween multiple inputs or sources, are covered by the Standard for Transfer|

1.11 Magnetic motor contrpllers, manual motor controllers, combination motér controllers, and overload

relays are covered by the §
and Motor-Starters — Electro

1.12 Programmable contr
Equipment for Measureme
Control Equipment, UL 610

2 Glossary
2.1 For the purpose of this

2.2 AMBIENT TEMPERA]
equipment is dissipated. Sesg

2.3 AMBIENT TEMPERAT
ambient temperature of the

tandard for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors
mechanical Contactors and Motor-Starters, UE60947-4-1.

llers are covered by the Standard for Safety Requirements for Electrical
t, Control, and Laboratory Use —. Rart 2-201: Particular Requirements for

1T0-2-201 .

Standard, the following definitions apply.

[URE — The temperature of the air medium into which the heat of the
45.12.

URE RATING — A rating assigned to equipment that refers to the maximum
room-.or space outside of the device enclosure or intended enclosure. See

45.13.

2.4 CLOSED-OPEN OPERATION — An operation of closing the test device on the circuit. The letters
"CQO" signify this operation.

2.5 COMBINATION CONTROLLER — An open or enclosed device containing both a magnetic or solid-
state controller and a disconnecting means. The controller may or may not contain overload protection,
short circuit protection, or both. Where an individual controller is enclosed, it includes an external means
for operating the disconnecting means.

2.6 COMBINATION MOTOR CONTROLLER - A controller intended for motor service that provides a
disconnecting means, branch circuit (short-circuit and ground fault) protection, motor controller, and motor
overload protection. In addition, where an individual controller is enclosed, it includes means for locking
the disconnecting device in the "OFF" position.
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2.7 COMPONENT FOR GROUP INSTALLATION — A motor control, overload relay, or other switching
device evaluated for use in group installation. See 2.18.

2.8 CONTACTOR - A two-state (ON-OFF) device for repeatedly establishing and interrupting an electric
power circuit. Interruption is obtained by introducing a gap or a very large impedance.

2.9 CONTROL CIRCUIT — A circuit that carries the electric signals directing the performance of a
controller, but which does not carry the main power circuit (see IEEE Standards Dictionary of Electrical
and Electronic Terms). A control circuit is generally limited to 15 amperes.

210 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.

2.11 COVER - An unhinggd portion of an enclosure that covers an opening.
2.12 DOOR - A hinged pgrtion of an enclosure that covers an opening.

2.13 END-OF-LINE ENCLUOSURE - An enclosure that is intended to be connected at theénd of a run o
conduit.

214 FEEDER CIRCUIT |- The conductors and circuitry on the supply side "of the branch circui
overcurrent protective devige.

215 FUNCTIONAL SAFHTY — Part of the overall safety of equipment or systems that depends on thg
correct functioning of the plocess, equipment, and/or safety-related ‘cantrol system to prevent potentially
hazardous conditions from arising or provide mitigation to reduce the severity of the hazard.

2.16 GENERAL PURPOSE RATING — This term is synonymous with "General Use Rating."

2.17 GENERAL USE RATING — A rating expressed-ir’ volts and amperes assigned to a device that ig
intended to control:

a) A load with a contjnuous or inrush anipere rating not exceeding the ampere rating of the device;
b) If AC rated, a load that has a pewer factor of 0.75 to 0.80 (inductive); and

c) If DC rated, a load that is resistive (noninductive).

2.18 GROUP INSTALLATJON- A motor branch circuit for two or more motors, or one or more motorg
with other loads and protected hy acircuit breakerora Qinglp set of fuses

219 |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 considered part of the primary circuit.

2.20 MANUAL CONTROLLER - A hand-operated switching device whose contacts are controlled by the
position of a mechanical actuator.

2.21 MANUAL CONTROLLER WITH INSTANTANEOUS TRIP — A manual controller provided with an
instantaneous trip element for short circuit protection only and optionally provided with an overload relay.

2.22 MOTOR CONTROL DEVICE — Any product or equipment rated in horsepower and/or full load-
locked rotor current capable of interrupting the maximum operating overload current of a motor of the
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same horsepower or full load-locked rotor current rating as the product or equipment at the rated voltage.
Such devices may include, but is not limited to, contactors, controllers, starters, and switches.

2.23 NON-COMBINATION MOTOR CONTROLLERS - Motor control devices of the non-combination
type are for use with separate protective devices, such as fuses or inverse-time circuit breakers, installed
in the supply side of the motor control device.

2.24 OPEN OPERATION — An operation of closing the circuit on the test device. The letter "O" signifies
this operation.

2.25 PILOT DUTY - The rating assigned to a relay or switch that controls the coil of another relay or
switch.

2.26 POLE LEAST LIKELY TO STRIKE GROUND - A pole that is referenced to ground or by virtue-ofiits
position or potential or both|relative to other poles of the device to be less likely than any other to strike
ground. In a three pole devide, this pole would usually be the middle pole. It is possible for severalpoles to
be equally least likely to strike to ground. In this case any may be used for the test.

2.27 POLLUTION DEGRHEE 1 — No pollution or only dry, nonconductive pollution occurs. The pollution
has no influence.

2.28 POLLUTION DEGRHEE 2 — Normally, only nonconductive pollution oecurs; however, temporary
conductivity caused by condensation may be expected.

2.29 POLLUTION DEGREE 3 — Conductive pollution occurs, or dry,~fenconductive pollution occurs that
becomes conductive due to condensation that is expected.

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

2.31 PRIMARY CIRCUIT + A circuit in which the wiringsand components are conductively connected to
the branch circuit.

2.32 RECOVERY VOLTAGE - The voltage-impressed upon the equipment under test after a circuit is
cleared.

2.33 SELF-PROTECTED f{ A qualifyinhg term applied to a controller that contains coordinated overload
and short circuit protection. A self-protected controller is evaluated as a complete unit whether comprised
of a single or multiple comgonents. Coordinated protection is able to be inherent or obtained by correct
selection of components or gccessory parts in accordance with the manufacturer’s instructions.

2.34 STARTER - A form of controller that includes the switching means necessary to start and stop the
connected load in combination with suitable overload protection.

2.35 SURROUNDING AIR TEMPERATURE RATING — A rating assigned to open type equipment that
refers to the maximum ambient temperature of air immediately surrounding the equipment inside of the
ultimate enclosure. See 45.13.

2.36 SWITCH — A device for opening and closing, and for changing the connections of a circuit. A switch
is understood to be manually-operated, unless otherwise stated.

2.37 TRANSIENT SUPPRESSIVE DEVICE — A component or assembly that limits the transient voltage
such as an overvoltage protective device, a transformer with isolated windings, or a damping impedance
suitably located.
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3 Units of Measurement

3.1 Values stated without
approximate information.

4 Components

4.1 Except as indicated in

parentheses are the requirement. Values in parentheses are explanatory or

4.2, a component of a product covered by this Standard shall comply with the

requirements for that component.

4.2 A component is not required to comply with a specific requirement that:

a) Involves a featute or characteristic not required in the application of the component in thg

product covered by t

b) Is superseded by

4.3 A component shall be
use.

4.4 Specific components
capabilities. Such compon
temperatures not exceeding

5 Referenced Publicatio

5.1
interpreted as referring to th

5.2 The following publicati
ANSI C82.11, Lamp Ballast
ANSI C82.14, Lamp Ballast

ASTM E230, Standard Spe
Thermocouples

Any undated reference to a code or standard appearing in the'requirements of this Standard shall be

his Standard; or

B requirement in this Standard.

used in accordance with its rating established for the intended, conditions o

are incomplete in construction features or resiricted in performancg
ents are intended for use only under limited eOnditions, such as certain
specified limits, and shall be used only under these specific conditions.

NS

e latest edition of that code or standard.

pns are referenced in this Standard:

5 — High-Frequency Fluorescent Lamp Ballasts

5 — Low-Frequency’Square Wave Electronic Ballasts

Cification a@nd-Temperature-Electromotive Force (EMF) Tables for Standardized

IEC 60584-2, Standard for 1

[hernmocouples Part 2: Tolerances

IEEE 4, Techniques for High-Voltage Testing

IEEE C37.09, Test Procedure for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis

JIS C 1602, Standard for Tolerances

NEMA 410, Performance Testing for Lighting Controls and Switching Devices with Electronic Drivers and

Discharge Ballasts

NEMA ICS2, Controllers, Contactors and Overload Relays Rated 600 V

NEMA ICS5, Control Circuit and Pilot Devices
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NEMA WD6, Wiring Devices — Dimensional Requirements

NFPA 70, National Electrical Code

NFPA 79, Electrical Standard for Industrial Machinery

UL 50, Enclosures for Electrical Equipment, Non-Environmental Considerations
UL 50E, Enclosures for Electrical Equipment, Environmental Considerations

UL 62, Flexible Cords and Cables

UL 94, Flammability of Plastjc Materials for Parts in Devices and Appliances

UL 248 Series, Low-Voltage|Fuses

UL 310, Electrical Quick-Comnect Terminals

UL 486A-486B, Wire Connegtors

UL 486E, Equipment Wiring|Terminals for Use with Aluminum and/or Copper Conductors
UL 489, Molded-Case Circuff Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures
UL 514B, Conduit, Tubing, and Cable Fittings

UL 746A, Polymeric Materials — Short Term Property Evaluations

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Polymeric Materials for Use in Electrical Equipment Evaluations

UL 746D, Polymeric Materials — FabricatedParts

UL 796, Printed Wiring Boarfls

UL 840, Insulation Coordination\ncluding Clearance and Creepage Distances for Electrical Equipment

UL 845, Motor Control Centers

UL 869A, Reference Standard for Service Equipment

UL 1059, Terminal Blocks

UL 1097, Double Insulation Systems for Use in Electrical Equipment
UL 1310, Class 2 Power Units

UL 1446, Systems of Insulating Materials — General

UL 1557, Electrically Isolated Semiconductor Devices
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UL 1577, Optical Isolators

UL 1581, Electrical Wires, Cables, and Flexible Cords

UL 1642, Lithium Batteries

UL 1973, Batteries for Use in Stationary, Vehicle Auxiliary Power and Light Electric Rail (LER) Applications

UL 2054, Household and Commercial Batteries

UL 2111, Overheating Prote

ction for Motors

UL 2237, Outline of Invest
Machinery

UL 2238, Cable Assemblieg
UL 5085-1, Low Voltage Tr3
UL 5085-2, Low Voltage Tr3
UL 5085-3, Low Voltage Trg
UL 60086-4, Primary Batten

UL 60384-14, Fixed Capac
Capacitors for Electromagn

UL 60950-1, Information Te
USCG Title 46, Electrical En
6

Installation and Operaf

6.1 Literature intended td
maintenance instructions or

the product is dependent on the instructions. Since the literature is to be reviewed in the examination ang

gation for Multi-Point Interconnection Power Cable Assemblies for Industria

and Fittings for Industrial Control and Signal Distribution
nsformers — Part 1: General Requirements

nsformers — Part 2: General Purpose Transformers
nsformers — Part 3: Class 2 and Class 3 Transformers
es — Part 4: Safety of Lithium Batteries

tors for Use in Electronic Equipment=Part 14: Sectional Specification: Fixed
btic Interference Suppression and Gohnection to the Supply Mains

chnology Equipment — Safety = Part 1: General Requirements
gineering Regulations
ion Instructions

accompany a product, such as installation, rating, operation, and user
manuals shall be reviewed in the investigation of the product if the safe use o

test of the product, a draft ¢

bpy of the literature may be used instead of a printed copy.

PART | - ALL EQUIPMENT

ENCLOSURE CONSTRUCTION

7 Frames and Enclosure

7.1 General

7.1.1 An enclosure of indu

strial control equipment shall be constructed and assembled so that it will have

the strength and rigidity necessary to resist the abuses to which it is likely to be subjected, without total or

partial collapse resulting in

a risk of fire, electric shock, or injury to persons due to reduction of spacings,

loosening or displacement of parts, or other serious defects.
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7.1.2

Industrial controls with incomplete or partial enclosures are considered as open devices with

respect to the performance requirements in this Standard.

7.1.3 An enclosure shall be constructed so as to reduce the risk of unintentional contact with enclosed
electrical devices, and to provide internal devices with protection from specified external conditions.

7.2 Cast metal

7.21

A cast-metal enclosure shall be at least 1/8 inch (3.2 mm) thick at every point, more than 1/8 inch

thick at reinforcing ribs and door edges, and at least 1/4 inch (6.4 mm) thick at tapped holes for conduit.

Exception: Other than at pla

in or threaded conduit holes, reinforcing ribs, and door edges, malleable iron

and die-cast or permanent nf

a) At least 3/32 inch
any dimension more

b) At least 1/16 inch
more than 6 inches.
area.

7.2.2 The above thickness
Test and Resistance to Imp3
is 13.6 J (10 Ib-ft) for enclog
Conduit Connection Tests pgr UL 50.

7.3 Sheet metal

7.31
Table 7.2, except that at po

least 0.032 inch (0.81 mm) thick, and nonferrous metahat{east 0.045 inch (1.14 mm) thick.

Exception: Enclosure thickn
than 0.032 inch (0.81 mm) i
deflection test (doors and co

7.3.2 Table 7.1 and Table

The thickness of a {

old cast aluminum, brass, bronze, or zinc shall be:

2.4 mm) thick for an area greater than 24 square inches (155 cm?) or having
than 6 inches (152 mm), and

(1.6 mm) thick for an area of 24 square inches or less having no dimension
The area considered may be bounded by reinforcing ribs subdividing a larger

es may be reduced if the enclosure complies withythe Crushing Resistance
ct Test in accordance with UL 746C, except that.the required ball impact force
ure surfaces greater than 40 in?, and the Polymeric Enclosure Rigid Metallic

heet-metal enclosure shall not be less than that specified in Table 7.1 and
nts to which a wiring systemtis to be connected, uncoated steel shall be at

bSS at points other than where a wiring system is to be connected may be less|
f the enclosure complies with the comparative deflection test (enclosure) and|
vers) in UL 50.

7.2 are based on a uniform deflection of the enclosure surface for any given

load concentrated at the cen

ter of the-surface regardless of metal thickness.
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Table 7.1

Thickness of Sheet Metal for Enclosures — Carbon Steel or Stainless Steel

Without supporting frame?®

With supporting frame or equivalent
reinforcement®

Minimum acceptable
thickness, Uncoated

Maximum width®

Maximum length®

Maximum width®

Maximum length

Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inches (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020¢ (0.51)
4.75 (12.1) 5.75 (14.6) 6.75 17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026¢ (0.66)
7.0 (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) 1. (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1207)
14.0 (35.6) 18. (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, (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. (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70)
29.0 (73.7) 36. (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Notlimited 0.080 (2.03)
38.0 (96.5) 47. (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. (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. (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. (228.6) 1038.0 (261.6) 127.0 (322.6)
2See 7.3.3.
® The width is the smaller dimens|on of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in gommon and.be-made of a single sheet.
¢ Not limited applies only if the edpe of the.surface is flanged at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removed in use.
4 Sheet steel for an enclosure intgrided for outdoor use — raintight or rainproof — shall not be less than 0.032 inch thick.
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Thickness of Sheet Metal for Electrit-:raaIbIIE?lZitznsures— Aluminum, Copper, or Brass
With supporting frame or equivalent
Without supporting frame? reinforcement? Minimum acceptable
Maximum width® Maximum length® Maximum width® Maximum length thickness,
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inches (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (0.58)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (114)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5)
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)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (13997)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0) (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Noftimited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 144.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)
#See7.3.3.
® The width is the smaller dimensi¢n of a rectangular piece of sheet mietal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in cpmmon and be made of a single-sheet.
¢ Not limited applies only if the edde of the surface is flanged\at least 1/2 inch (12.7 mm) or fastened to adjacent surfaces not
normally removed in use.
9 Sheet copper, brass, or aluminurh for an enclosure inténded for outdoor use — raintight or rainproof — shall not be less than 0.029
inch (0.74 mm) thick.
7.3.3 With reference to Table 7.4-and Table 7.2, a supporting frame is a structure of angle or channel or
folded rigid section of shegt «netal that is rigidly attached to and has essentially the same outside
dimensions as the enclosure~surface and that has sufficient torsional rigidity to resist the hending

moments that may be applied by the enclosure surface when it is deflected. A structure that is as rigid as
one built with a frame of angles or channels is considered to have equivalent reinforcing. Constructions
considered to be without supporting frame include:

a) A single sheet with single formed flanges — formed edges;
b) A single sheet that is corrugated or ribbed;
¢) An enclosure surface loosely attached to a frame, for example, with spring clips; and

d) An enclosure surface having an unsupported edge.

See Figure 7.1 for evaluation of supported and unsupported enclosure surfaces. This figure further defines
the means of selecting the required metal thickness from either the "with supporting frame" or "without
supporting frame" columns in Table 7.1 and Table 7.2.
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Figure 7.1

Determination of Required Metal Thickness from Table 7.1 and Table 7.2 for Supported and
Unsupported Enclosure Surfaces

Top C

Side Side
B Rear A B

Bottom C

Flange

SM787

NOTES:

Each enclosure surface is evaluatdd individuallysbased on the length and width dimensions. For each set of surface dimensions, A, H
or C, the width is the smaller dimepsion regardless of its orientation to other surfaces. In Table 7.1 and Table 7.2, there are two set
of dimensions that correspond to|a single metal thickness requirement and the following describes the applicable procedure fo
determining the minimum metal thipkness for each surface:

1. For a supported surface, all of the table dimensions, including the "not limited" lengths, are able to be applied. The rear surface
"A", top and bottom surfaces "C", are supported either by adjacent surfaces of the enclosure or by a 1/2 inch (12.7 mm) wide flange.
To determine required metal thickness for supported surfaces, the width is to be measured and compared with the table value in the
maximum width column that is equal to or greater than the measured width. When the corresponding length in the maximum length
column is "Not limited", the minimum thickness in the far right column is to be used. When the corresponding length in the maximum
length column is a numerical value, and the measured length of the side does not exceed this value, the minimum thickness from the
far right column is to be used. When the measured length of the side exceeds the numerical value, the next line in the table is to be
used.

2. For an unsupported surface, only the table dimensions that include a specific length requirement are applied. The dimensions with
a "not limited" length do not apply. The front edge of the left and right surfaces "B", are not supported by an adjacent surface or by a
flange. An edge that is rabbeted, as shown in Figure 7.2, 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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Figure 7.2
Rabbet

<o | 5
| —

‘ ‘ 1/4 INCH

(6.4mm)

SAQ702A

7.4 Doors and covers

7.4.1 A part of an enclosyre, such as a door or a cover, shall be provided)with a means — such as
latches, locks, interlocks, or screws — for firmly securing it in place.

Exception: A snap-on covel that complies with the requirements in Segtion 10 need not have additiona
securing means.

7.4.2 An enclosure shall be provided with a door when it gives access to a fuse or any other overload
protective device that requires renewal or when it is required.to be opened in connection with the normal
operation of the device.

Exception: A door is not required for an enclosure:

a) To which access ig required only in the*event of burnout of a current element or similar device on
short circuit;

b) In which the only fuse enclosed is a control-circuit fuse, when the fuse and control-circuit load —|
other than a fixed control-circuit load, such as a pilot lamp — are within the same enclosure; or

¢) In which a meang.is,provided for resetting all overload-protective devices from outside the

I HP N 4 il £, Y Il ] ol £ £ ol H £
enclosure, or kits arc"avaitabte-to proviaeanreansrortresetimgan-ovetrroad=proteciveaevices1romn

outside the enclosure and a marking is provided in accordance with Details, Section 76.

7.4.3 Other than as noted in 7.4.5, a door provided in accordance with the requirement in 7.4.2 shall be
provided with a snap latch or a captive multiturn or partial-turn fastener. Such securing means shall be
located or used in multiple so as to hold the door closed over its entire length. A captive fastener shall be
operable by hand or by a simple hand tool such as a screwdriver.

7.4.4 A door more than 48 inches (1.2 m) long on the hinged side shall be provided with one of the
following:

a) A multipoint latch operated by a single knob or handle;

b) Two or more snap latches or captive fasteners; or


https://ulnorm.com/api/?name=UL 508 2024.pdf

OCTOBER 28, 2024 UL 508 25

c) One knob-operated latch and one snap latch or captive fastener.

7.4.5 An enclosure that is not required to comply with 7.4.2 is able to use a door with noncaptive
fasteners.

7.4.6 A door giving access to a fuse or any portion of a circuit breaker other than the operating handle
shall shut closely against a 1/4-inch (6.4-mm) rabbet as illustrated in Figure 7.2 or the equivalent.

7.4.7 A cover giving access to a fuse or any portion of a circuit breaker other than the operating handle
shall have flanges for the full length of the four edges. Flanges on a cover shall fit closely with the outside
walls of the enclosure, and shall comply with Figure 7.3 and Table 7.3. An acceptable combination of
flange and rabbet may be used.

Exception No. 1: The flange width may be less than that specified if the construction complies with \the
Deflection Test (doors and govers) in UL 50.

Exception No. 2: The flanges on the cover are not required to fit closely on the outside wall if a gaske}
suitable for the application rovides the intended tight fit. The gasket shall comply with the Gasket Tests ir
UL 50E.

Exception No. 3: For equigment incorporating an enclosure rated Type 1 only, {he‘gap distance betweer
the flanges on the cover and the outside wall are not required to comply with‘those specified in Table 7.3
when the equipment complles with the Short Circuit Test — General, Section>52 (and cotton is used as &
fire indicator) and Accessiblfity of live parts, 7.17.

Figure 7.3

Flanged Cover Constructions?
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@ See Table 7.3 for dimensions for sketches A — H.
® The surfaces "S" may be in line with one another — not as shown.
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Table 7.3
Dimensions for Flanged Cover Constructions
Dimensions
w A B C D
S_k::;h Minimum flange Maximum space _ N Minimum barrier
Figure width? between parts Maximum gap Minimum overlap extension

7.3 Inches (mm) Inch (mm) Inch (mm) Inch (mm) Inch (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 (11.1) - -

B 3/4 (19.1) 3/16 (4.8) 3/16 (4.8) 5/8 (15.9) - -

B 1 (25.4) 1/4 (6.4) 1/4 (6.4) 7/8 (22.2) - -

c 112 (12.7) 3/16 (4.8) 3/16 (4.8) 1/4 (6.4) \ -

c 3/4 (19.1) 1/4 (6.4) 1/4 (6.4) 7/16 (11.1) - -

D 1/2 (12.7) 3/32 (2.4) - - 7/16 (114 - -
E 1/2 (12.7) 1/8 (3.2) 1/8 3.2) 716 (11A1) 1/4 (6.4)

F 1/2 (12.7) 1/8 (3.2) 1/4 (6.4) 7/16 (11.1) - -
GP 1/2 (12.7) - - 1/32 (0.8) - - 1/2 (12.7)

H 1/4 (6.4) 1/8 (3.2) - - 3/16 (4.8) - -

@ Tolerance: minus 1/16 inch (1.6 mm)

® Equipment within the enclosure

nust be located on the side of the barrier exténsion D that is opposite the gap B.

7.4.8 To determine whethe
flange, the distance betweer
—and a straight edge placed

7.4.9 A construction involy,
determine whether it is acce

7.4.10 Figure 7.4 illustrate
flanged box wall and the an
small, the flange width an

r a flanged cover complies(with the requirement in 7.4.7 regarding width of|
the flat portion of the caver— clear of forming radii, beads, draws, and the like
anywhere across any two flanges at any points is to be measured.

ng a gasketedjoint that provides the intended tight fit shall be investigated to

btable for thetapplication. See Section 7.15.14.

5 the method of determining the amount of overlap between a flat cover and a
hount*of overlap at a corner or box seam. If the radius of the flange bend is
d. oveérlap are considered to be W1 or W2, depending upon the actual

construction, and shall be a

feast 172 inch(tz-7 mmjif the Tadius of the ftange bend s excessive or if the

flat sheet is on the inside of the flange, the overlap, W3 or W4, is to be measured over only that portion
where the two pieces of metal are actually in contact with each other, and shall be at least 1/2 inch.

741

To determine the overlap of a telescoping cover, the enclosure is to be placed on its back on a

bench, with the cover in its normally closed position, and a mark is to be scribed on all walls of the box
along the edge of the flange. The overlap is the measured distance between the scribe marks and the
edges of the box walls, noted as W4 in Figure 7.4. In scribing the marks, the cover is to be held in a fixed
position with sufficient firmness to prevent displacement of the cover by the scribing tool, but without
bending or distorting any portion of the box, cover, or other part of the enclosure.
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Figure 7.4

Overlap Between Flat Cover and Box Flange and at Corner or Box Seam

7.4.12 A flat strip used tq provide a rabbet, or an angle strip fastened to the edges of a door giving

access to a fuse or any po
percent of the required thic
of uncoated steel, and not |
at no fewer than two points
strip and a point at which

secured shall not be more than 6 inches (152 mm).

7.4.13 The enclosure sha
provide access for installg
capable of being opened t

SB0569 "

tion of a circuit breaker, ather than the operating handle, shall be at least 6(
ness of the metal of the box proper, but not less than 0.042 inch (1.07 mm) i
bss than 0.058 inch (1.47 mm) thick if of nonferrous metal. It shall be secureg
. There shall not/be:more than 1-1/2 inches (38 mm) between an end of th¢
t is secured, and-the distance between adjacent points at which the strip is

| be constructed so that doors and panels that are hinged vertically and tha
tion, ‘servicing or replacement of internal energized components shall be
bsa yminimum of 90 degrees from the closed position when fully installed as

intended. Doors and panel

S thal provide access solely Tor operation or control are not Included In tnis

requirement. The 90 degree minimum is to be measured from the primary plane of the cover opening, to
the corresponding plane of the door in the open position. Door mounted devices are allowed to reside
within this 90 degree sweep.

7.5 Polymeric

7.5.1 A polymeric electrical enclosure shall comply with the applicable requirements in UL 746C, and

also with the additional requ

irements specified in this Standard. See also 7.5.5 and 7.5.6.

Exception: With respect to requirements in UL 746C, devices marked for connection to a Class 2 source
only in accordance with 73.31 and containing no other external connection to additional circuits, are not
required to comply with the flame, impact, mold stress and crush tests.
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7.5.2 A polymeric enclosure intended for connection to a rigid conduit system shall comply with the
Polymeric Enclosure Rigid Metallic Conduit Connection Tests in UL 50.

Exception: Polymeric enclosures marked or provided with instructions as noted in 12.18 are not required
to be subjected to the torque test described in Polymeric Enclosure Rigid Metallic Conduit Connection
Tests in UL 50.

7.5.3 A polymeric part assembled to an electrical enclosure or a polymeric part of an open-type
component intended to be installed through an opening in an enclosure shall be made of a material rated
in accordance with UL 94, and shall comply with the following:

a) The polymeric part shall close an opening in the enclosure having an area of not more than 1.2
square inches (775 nfm?) and shall be:

1) A pilot light|lens classed 5VA, 5VB, V-0, V-1, V-2, or HB;

2) Rated V-0, V-1, or V-2; or

3) Rated HB 3

b) The polymeric pa

nd comply with the flammability test requirements in UL 746C.

rt shall close an opening in the enclosure having an area“of more than 1.2

square inches (775 mm?) and having no dimension greater than 12 inches’ (304.8 mm), shall be

rated V-0, V-1, V-2, d
UL 746C.

Exception: The poly|
encloses only parts t
to fire by an internal
printed wiring board
the flammability test.

c) The polymeric part
inches (304.8 mm),

r HB, and shall comply with the flammability and impact test requirements in

meric part is not required to be subjected;to the flammability test when it
hat do not pose a risk of fire, as in Section'30, and is protected from exposure
metal barrier or polymeric barrier thatvcomplies with the flammability test. A
rated V-0 may serve as a polymeric-barrier when the assembly complies with

shall close an opening in the enclosure having any dimension greater than 12
bhall comply with the flammability and impact requirements in (b) above and

also comply with reqiiirements for the crush resistance test in UL 746C.

7.5.4 For an adhesive tha
shall comply with the require

secures a polymeric part closing an opening in an enclosure, the adhesive
ments for adhesives in UL 746C.

Exception: A polymeric part pf a comiponent is not required to comply with this requirement when:

a) It only encloses parts\which do not pose a risk of fire or electric shock; or

b) The device complies with 7.17.1 for the accessibility of live parts with the polymeric part
removed and any internal parts that do pose a risk of fire or electric shock are enclosed by barriers
that comply with 7.5.1 or 7.5.3, and 9.2.

7.5.5 In addition to the requirements in 7.5.1 and 7.5.3 (b) and (c), polymeric materials used for Types 3,
3R, 3RX, 3S, 35X, 3X, 4, and 4X enclosures or polymeric materials used for closures, fastenings, or
hinges for these enclosures, or as a polymeric part of an open-type component for installation on these
enclosures shall comply with the Ultraviolet Light Exposure test in UL 746C.

7.5.6 In addition to the requirements in 7.5.1 and 7.5.3 (b) and (c), polymeric materials used for Types 6
and 6P enclosures or polymeric materials used for closures, fastenings, or hinges for these enclosures, or
as a polymeric part of an open-type component for installation on these enclosures shall comply with the
Ultraviolet Light Exposure Test and the Water Exposure and Immersion Tests in UL 746C.
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7.6 Bonding

7.6.1 An enclosure made of insulating material, either wholly or in part, shall have an acceptable bonding
means to provide continuity of grounding between all conduit openings. The bonding means may be either
completely assembled on the product or provided as separate parts for field installation. See 12.15 and
75.6.

Exception No. 1: 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. See 12.16.

Exception No. 2: A bonding means is not required to be provided with each enclosure if such means is
available in the form of a kit from the manufacturer and the equipment complies with the marking
requirements in 76.1.

7.6.2 The continuity of a
polymeric material.

conduit system shall be provided by metal-to-metal contact not relying on &

Exception: The continuity o
samples have been subjed
conducted at 200 percent o

f the grounding system may rely on the integrity of the polymetic enclosure i
ted to the creep test requirements in UL 746C. Overcuftrent Tests shall be
[ the rated current of the branch circuit-protective device.

7.6.3 A separate bonding
alloy, or other material acce
path shall be protected aga
separate bonding conducto

a) Be protected fronj mechanical damage or be located within the confines of the outer enclosurs

or frame; and

b) Not be secured H
bonding conductor is

7.6.4 The size of a separ
specified in Table 7.4 or the

Exception: A bonding condd

a) It does not open
branch-circuit overc

b) None of three sa

conductor whether in a plastic or metal enclosure/shall be copper, a coppe
ptable for use as an electrical conductor. Ferrous.metal parts in the grounding
nst corrosion by enameling, galvanizing, plating, or other equivalent means. A
shall:

y a removable fastener used(for any purpose other than bonding unless the
unlikely to be omitted afterremoval and replacement of the fastener.

ate component bonding conductor shall not be less than the applicable size
size of the conductor supplying the component, whichever is smaller.

ctor may be-smaller than the specified size if:

Wwhen carrying for the time specified in Table 7.5, a current equal to twice the
rrent=device rating — see Table 7.4 — but at least 40 amperes; and

current as specified in Table 7.6 when in series with a fuse as described in 7.6.5.
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Table 7.4
Size of Bonding Conductor
Maximum rating or Minimum acceptable size of bonding conductor®
setting of auton_1ati_c Copper wire Aluminum wire
overcurrent device in
circuit ahead of
equipment, amperes AWG (mm?) AWG or kcmil (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)
300 4 (21.2) 2 (38.6)
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 (107.0)
1200 3/0 (85.0) 250 (127.0)
2 Or equivalent cross-sectional arga.
Table 7.5
Durjation of Current Flow for Bonding-Conductor Test
Overcurrent dgvice rating Minimum duration of current flow
ampeIs minutes
30 orlgss 1
31-40 4
61—100
Table 7.6
onding Conductor Short-Circuit Test Capacity
Controller rating Circuit capacity
Horsepower (kW Output) Volts amperes
12 (0.373) 0-250 200
1/2 (0.373) 251-600 1,000
over 1/2to 1 (0.374 - 0.746) 0-600 1,000
1t03 (0.747 —2.24) 0-250 2,000
over 3to 7-1/2 (2.25-5.59) 0-250 3,500
over 7-1/2 to 50 (5.60 — 7.46) 0-250 5,000
over 1to 50 (7.47 - 37.3) 251-600 5,000

Table 7.6 Continued on Next Page
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Table 7.6 Continued

Controller rating Circuit capacity
Horsepower (kW Output) Volts amperes
over 50 to 200 (37.4 - 149) 0-600 10,000
over 200 (over 150) 0-600 a
@ See Table 53.3.

7.6.5 The circuit for the test required by the Exception to 7.6.4 is to have a power factor of 0.9 — 1.0 and
is to be limited to the current specified in Table 7.6. The open-circuit voltage of the test circuit is to be 100

to 105 percent of the speci

ied voltage. The circuit is to be connected through a nonrenewable fuse tha

will conduct twice its rated @
overcurrent device to which
performed on each of three

7.7 Resistance measure

7.7.1 The resistance betw
ohm. The resistance is f
unacceptable results are rg
supply of not more than 12

urrent for at least 12 seconds. The fuse rating is to be that of the branch-circui
the equipment will be connected but at least 20 amperes. One test is-{0,bg
samples of the bonding conductor.

ment

een two parts connected by a bonding conductor shall nét be more than 0.1
o0 be determined by a resistance measuring instrument, except that i
corded, an alternating or direct current of at least 20yamperes from a powe
volts is to be passed from the point of connection‘of the equipment grounding

means to the metal part in
be measured between the

potential in volts by the currgnt in amperes.

7.8 Openings in enclosuye

7.8.1 No covering is requi
controller if the enclosure is
the device are at least 6 inc

7.8.2 Openings in enclosu
Table 7.7.

he grounding circuit. The resulting drop in potential and the test current are tg
o points. The resistance in ohms is to be determined by dividing the drop i

red across the bottom of Type 1,2, 3R, or 3RX enclosures of a floor-mounteg
within 6 inches (152 mm) ofithé floor or less and if uninsulated live parts withir]
nes above the highest partion of the lower edge of the enclosure.

res shall be filled byrdevices with suitable environmental ratings as specified in

Table 7.7
Openings in Enclosure
Openings shall be closed by equipment rated for
Enclosure type enclosure types

2 2,3, 3R, 3RX, 3S, 38X, 3X, 4, 4X, 5, 6, 6P, 12, 12K, 13

3 3, 35, 38X, 3X, 4, 4X, 6, 6P

3R 3, 3R, 3RX, 3S, 38X, 3X, 4, 4X, 6, 6P
3RX 3RX, 38X, 3X, 4X

3S 3, 35, 38X, 3X, 4, 4X, 6, 6P
3sX 38X, 3X, 4X

3X 3SX, 3X, 4X

4 4,4X, 6, 6P

4X 4X

Table 7.7 Continued on Next Page
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Table 7.7 Continued

Openings shall be closed by equipment rated for
Enclosure type enclosure types
5 3, 3R, 3RX, 3S, 38X, 3X, 4, 4X, 5, 6,6P, 12, 13
6 6, 6P
6P 6P
12, 12K 12, 12K, 13
13 13

7.9 Ventilating openings

7.9.1 A ventilation openin
disconnect switch, circuit bre
comply with 7.9.2 — 7.11.2.

devices noted above shall cq

7.9.2 A ventilation opening
comply with the requirement

a) The construction s
b) The opening is loc
c) The opening shall

the operation of pow
conditions.

7.9.3 A ventilation opening
shield spaced above the ops
in accordance with 7.9.4.

7.9.4 Any ventilating openi

7.9.5 Alouver shall not be

j in an enclosure that contains power circuit switching devices, suchCas’a
aker, motor controller or an overload relay shall be constructed and located to
Ventilation openings in enclosures that do not contain power circuit.switching
mply with 7.9.3-7.9.8and 7.11.1 - 7.11.2.

in an enclosure that contains power circuit switching devicesas in 7.9.1 shall
5in7.9.3-7.98and7.11.1-7.11.2 and:

hall comply with the requirements in 7.10.1 — 7.10.4; of
hted at least 12 inches (305 mm) from power citeuit switching components; or

be so constructed and located that flamear. molten metal is not emitted during
er-circuit switching devices while subjécted to overload and short circuit test

in the top of a Type 1 enclasure shall be covered by a hood or protective
ning when there are uninsulated components below the opening, and shall be

g in a Type 1, 2,[3R; or 3RX enclosure shall comply with 7.17.1(a).

more than 12\inches (305 mm) long.

7.9.6 The area of an openi

thinner than the enclosure slrall not exceed 200 square inches (0.129 m?).

ng cavered by a louver, a perforated or an expanded-metal mesh panel that is

7.9.7 The diameter of the wires of a screen shall be at least 0.051 inch (1.30 mm) if the screen openings
are 0.500 square inch (32.3 mm?) or less in area, and shall be at least 0.081 inch (2.06 mm) for larger

screen openings.

7.9.8 Perforated sheet steel and sheet steel employed for expanded-metal mesh shall be at least 0.042
inch (1.07 mm) thick uncoated steel for mesh openings or perforations 0.500 square inch (3.2 cm?) or less

in area, and shall be at least

0.080 inch (2.03 mm) thick uncoated steel for larger openings.

Exception: In a small device where the indentation of a guard or enclosure will not alter the clearance
between uninsulated, movable, live parts and grounded metal so as to adversely affect the performance or
reduce the spacings below the minimum value specified in Table 37.1, expanded-metal mesh of uncoated
steel not less than 0.020 inch (0.51 mm) thick is able to be employed when:
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a) The exposed mesh on any one side or surface of the device so protected has an area not more
than 72 square inches (464 cm?) and has no dimension greater than 12 inches (304.8 mm), or

b) The width of the opening so protected is not greater than 3.50 inches (88.9 mm).
7.10 Barriers used with ventilation openings

7.10.1 A barrier interposed between ventilation openings and power circuit switching devices to prevent
the emission of flames or molten metal from an enclosure shall comply with 7.10.2 —7.10.4.

7.10.2 The barrier shall be of such dimensions and so located that any straight line drawn from any
arcing part past the edge of the barrier intersects a point in the ventilating opening plane that is at least
0.25inch (6.4 mm) outside ¢f the edge of the ventilation opening. See Figure 7.5.

Figure 7.5

Barriers for Ventilation Openings
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7.10.3 A sheet-metal barrier shall be at least 0.053 inch (1.35 mm) thick uncoated steel, or 0.075 inch
(1.91 mm) thick aluminum.

Exception: A metal barrier may be of thinner metal provided its strength and rigidity are not less than that
of a flat sheet of steel having the same dimensions as the barrier and of the specified thickness.

7.10.4 A nonmetallic barrier shall be at least 0.250 inch (6.35 mm) thick and shall be supported to
provide mechanical strength and rigidity.

Exception: A nonmetallic material less than 0.250 inch thick shall be located so that it is not subjected to
mechanical damage during installation, and supported to provide mechanical strength and rigidity.
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7.11 Forced ventilation

7.11.1  When ventilation is fan forced — that is, ventilation is accomplished by one or more blowers within
the enclosure that provide a positive intake and exhaust — the ventilation openings shall comply with the
requirements in 7.11.2 in addition to the requirements in 7.9.2.

7.11.2 When operator controls are provided on the enclosure, the air outlet shall not direct air at the area
occupied by the 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 mounted equipment.

7.12 Observation windows

7.12.1 Glass covering an
secured in such a manner
protection of the enclosed p
shall not be less than 0.055
than 12 inches (305 mm) sh
opening shall comply with t

746C, and shall otherwise b¢ acceptable for the purpose.

7.13 Transformer or auto

7.13.1 If a transformer or &
of the oil.

7.14 Motor controller wir¢ bending space

7.14.1 The space between
field-installed wire and the W
or connector shall be at leas

observation opening and forming a part of the enclosure shall be reliably
that it cannot be readily displaced in service and shall provide mechanical
brts. Glass for an opening not more than 4 inches (102 mm) in any-dimension
inch (1.40 mm) thick; and glass for an opening having no dimefsjon greater
all not be less than 0.115 inch (2.92 mm) thick. Glass used to.cover a larger
he Crush Resistance and Resistance to Impact tests in accerdance with UL

transformer

utotransformer is oil filled, means shall be provided for inspection and renewal

the end of the soldering lug orpressure wire connector for the connection of|
all of the enclosure toward which the wire will be directed upon leaving the lug
that specified in Table 7.8,

Wire Bending Space at the Terminals of Enclosed Motor Controllers

Table 7.8

Minimum bending space, terminal to wall, inches (mm)

Size of wire®

Wires per terminal

AWG or
kemil (mm?) 4 2 3 4ormore
14-10 (2.1-5.3) - - - -
8-6 (8.4-13.3) 1-1/2 (38) - - -
4-3 (21.2-26.7) 2 (51) - - -
2 (33.6) 2-1/2 (64) - - -
1 (42.4) 3 (76) _ _ _
1/0 (53.5) 5 (127) 5 (127) 7 (178) -
2/0 (67.4) 6 (152) 6 (152) 7-1/2 (191) -
3/0 (85.0) 7 (178) 7 (178) 8 (203) -
4/0 (107.2) 7 (178) 7 (178) 8-1/2 (216) -

Table 7.8 Continued on Next Page
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Table 7.8 Continued
Minimum bending space, terminal to wall, inches (mm)
Size of wire? Wires per terminal
AWG or
kcmil (mm?) 1 2 3 4 or more

250 (127) 8 (203) 8 (203) 9 (229) 10 (254)
300 (152) 10 (254) 10 (254) 1 (279) 12 (305)
350 (177) 12 (305) 12 (305) 13 (330) 14 (356)
400 (203) 12 (305) 12 (305) 14 (356) 15 (381)
500 (253) 12 (305) 12 (305) 15 (381) 16 (4086)
600 (304) 14 (356) 16 (406) 18 (457) 19 (483)
700 (355) 14 (356) 16 (406) 20 (508) 22 (559)

750 — 800 (380 —405) 18 (457) 19 (483) 22 (559) 24 (610)
900 (456) 18 (457) 19 (483) 24 (610) 24 (610)

@ The wire size is to be based on £6.5.1(b).

7.14.2 The space specifig
soldering lug or pressure w
the enclosure wall toward w

7.14.3 |If a wire is restricte
distance required by 7.14.1

d in 7.14.1 is to be the length of a straight line extending from the end of thg
re connector where the wire would be connected.toward and perpendicular tq
hich the wire would be initially directed.

by barriers or other means from being bent where it leaves the connector, the
and Table 7.8 is to be measured from-the end of the barrier. A terminal lug o

connector that is not preve
anywhere within the limits tq

7.14.4 The wire size used

load current rating. See Table 47.2 or Table 47.3\for the full-load current rating of horsepower rateq

hted from turning as described in the exception to 18.2 is to be repositioneg
obtain the shortest distance for measurement.

to determine the wire bending space is based on 125 percent of the motor full

motors.

7.15 Specific enclosureq

7.15.1 An enclosure shall

type number or numbers with which'it'is marked. See 12.1.

comply-with the construction requirements applicable to an enclosure of thg

7.15.2 An enclosure provi

ded with mllltipln r‘nmpnrfmpnfq is_able to he evaluated to different enclosurd

type requirements when the compartments are completely separated by a wall or barrier and:

a) The assembly is i
6P, 12, 12K, 13; or

ntended for indoor use and the compartments are rated Type 1, 2, 4, 4X, 5, 6,

b) The assembly is intended for outdoor use and the compartments are rated Type 3, 3R, 3RX, 3S,
38X, 3X, 4, 4X, 6, or 6P.

7.15.3 An environmental type connection, such as a watertight connection at a conduit entrance, shall be
a conduit hub or the equivalent, such as a knockout or fitting, located so that when conduit is connected
and the enclosure is mounted in the intended manner, the enclosure is found to be acceptable when
subjected to the tests specified in the table for Enclosure Types in UL 50E.

7.15.4 TYPE 1-AType 1

enclosure shall comply with the requirement in 26.2.1.
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7.15.5 TYPE 2 — AType 2 enclosure shall have provision for drainage of water and shall have a threaded
conduit hub or the equivalent for the connection of conduit at the top or sidewalls.

Exception No. 1: If the conduit connection opening is wholly below the lowest terminal lug or other live
part intended for use within the enclosure, a threaded conduit hub or the equivalent need not be provided.
See 12.14.

Exception No. 2: Provisions for a conduit hub or fitting need not be provided if information is provided in

accordance with 12.11.

7.15.6 TYPE 3 or 3X - AType 3 or 3X enclosure shall have:

a) A conduit hub or th
b) A mounting means

c) When a door is pr
use of a tool to gain g

Exception: Provision for a cd
in accordance with 12.11.

7.15.7 TYPE3Ror 3RX -
a) A conduit hub or th
b) Provision for drain

¢) When a door is pr
use of a tool to gain g

Exception No. 1: When the
live part intended for use wi
be provided. See 12.14.

Exception No. 2: Provision
provided in accordance with

7.15.8 TYPE 3S or 38X — 4

e equivalent for a watertight connection at conduit entrances — see 7.15.3;
external to the equipment cavity; and

bvided, the enclosure shall have provisions for locking the door or(require the
ccess to the equipment cavity.

nduit hub or fitting is not required to be provided when information is provided,

A\ Type 3R or 3RX enclosure shall have:
e equivalent for a watertight connection at conduit entrances — see 7.15.3;
hge of water; and

bvided, the enclosure shall have pravisions for locking the door or require the
ccess to the equipment cavity.

conduit connection opening is wholly below the lowest terminal lug or other
hin the enclosure, a threaded conduit hub or the equivalent is not required to

for a conduit hub or fitting is not required to be provided when information is
12.11.

\ Type-3S or 3SX enclosure shall have:

a) A conduit hub or th

e‘equivalent for a watertight connection at conduit entrances — see 7.15.3:

b) A mounting means external to the equipment cavity;

¢) When a door is provided, the enclosure shall have provisions for locking the door or require the
use of a tool to gain access to the equipment cavity; and

d) Operating mechanisms that will support the additional weight of ice and withstand removal of ice
by a hand tool to gain access to the interior of the enclosure. Auxiliary means may be provided to
break the ice and to permit operation of external mechanisms.

Exception: Provision for a conduit hub or fitting is not required to be provided when information is provided

in accordance with 12.11.

7.15.9 TYPE 5 - AType 5 enclosure shall have:
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a) A conduit hub or the equivalent for a connection at conduit entrances — see 7.15.3; and

b) When a door is provided, the enclosure shall have provisions for locking the door or require the
use of a tool to gain access to the equipment cavity.

Exception: Provisions for a conduit hub or fitting are not required when information is provided in
accordance with 12.11.

7.15.10 TYPES 4, 4X, 6, AND 6P — A Type 4, 4X, 6, or 6P enclosure shall have a conduit hub or the
equivalent mounted in place to provide a watertight connection at conduit entrances and shall have
mounting means external to the equipment cavity — see 7.15.3.

Exception No. 1: The wate
is provided in accordance W

Exception No. 2: A hub o
instructions are provided as|

7.15.11
through the enclosure other
shall be oil resistant.

Exception: A Type 12 encld
included on the enclosure.

71512 TYPE12K-ATy
the top or bottom walls, or b

71513 TYPE 13 - ATy
machine mounting, shall h
conduit knockout or unseald
have provisions for oiltight o

7.15.14 A gasket of an
elastomeric material emplo
4X,5,6,6P, 12, 12K, or 13

7.16 Components for us¢ on specific enclosures

TYPE 12 — A Type 12 enclosure shall have no conduit knockout or conduit apening and no holg

tight conduit connection provision need not be mounted in place if information
jth 12.13.

I a fitting need not be provided or installed on a Type 4 or 4X enclosure |
specified in 12.17.

than a hole for a Type 12 mechanism, or the equivalent. A)gasket, if provided

sure may employ a conduit opening if the instidgstions required by 75.12 arg

be 12K enclosure is as specified in 7.15.11, except it has knockouts located i
pth.

be 13 enclosure shall have oil‘tesistant gaskets and, if intended for wall o
Ave a mounting means extermal to the equipment cavity. There shall be ng
d opening providing access'to the equipment cavity. All conduit openings shal
onnections.

blastomeric or thermoplastic material or a composition gasket utilizing an
ed to comply, with the requirements for a Type 2, 3, 3R, 3RX, 3S, 3SX, 3X, 4
enclosure shall comply with the Gasket Tests in UL 50E.

7.16.1 A component, suct
use with a type designated
enclosure when all of the fol

as a pitottight, adisconmect, apushbuttor, orsimitarcomponent; ntendedfo
environmental enclosure, meets the requirements for use with a specific type
lowing are met:

a) The component has been evaluated for its intended use installed on a representative enclosure.

b) All hardware, gaskets, or other parts needed to complete the installation are provided with the
component.

Exception: Hardware, gaskets, or other parts are not required to be provided with the component
when they are available from the component manufacturer in the form of a kit and the component is
marked as specified in 76.1.

c) Installation instructions including such information as mounting hole location, opening
configuration, and similar information, are provided either on the component, in the component
package, or on a stuffer sheet.
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d) The component, its carton, or accompanying instruction sheet is marked in accordance with the
requirementin 73.9.

7.17 Accessibility of live parts

7.17.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part, electrical energy - high current levels, or injury to persons from a moving part, an
opening in an enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 7.17.4) less than 1 inch (25.4 mm), such a part
or wire shall not be contacted by the probe illustrated in Figure 7.6.

H . - e Z 4 Z 4 L) bl L H T - - " Y i o A A
EXCGPtIOﬂ. As an alfermative—to—7-17 T(ay, e prooe—mastrated - rgare—7-.7

determine accessibility.

) s
miay UG uUoscU (U

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced
from the opening as $pecified in Table 7.9.
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Figure 7.6
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Figure 7.7
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Table 7.9
Minimum Acceptable Distance from an Opening to'a Part That May Involve a Risk of Electric

Shock, Electrical Energy-High Curtent Level, or Injury to Persons

Minor dimensign of opening®? Minimum distance from opening to part®
Inches (mm) Inches (mm)

1 (25:4) 6-1/2 (165.0)

1-1/2 (38.1) 8-3/8 (212.7)

2 (50.8) 11-5/8 (295.3)

Over 2 but not more than 3 Over0.8 but not more than 76.2) 30 (762.3)

2S8ee 7.17.4.

® Interpolation is to be used to determine a value between values specified in the table.

7.17.2 The probe specified in 7.17.1(a) shall be applied in any possible configuration; and, if necessary,
the configuration shall be changed after insertion through the opening.

7.17.3 The probe specified in 7.17.1(a) shall be applied with a force not to exceed 2.2 pounds (10 N).
The probe is to be used to determine the accessibility provided by an opening, and not as an instrument to
determine the strength of a material.

7.17.4 With reference to 7.17.1, the minor dimension of an opening is the diameter of the largest
cylindrical probe that can be inserted through the opening.
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7.17.5 The probe specified in 7.17.1 is to be inserted as described in 7.17.2 into all openings, including
those in the bottom of the unit. The unit is to be moved in whatever way necessary to make the entire
bottom accessible for insertion of the probe.

Exception: For a floor-standing unit, the probe is to be inserted into all openings in the bottom that are
accessible without tipping, turning over, or otherwise moving the unit from its intended installed position.

8 Protection Against Corrosion
8.1 General

8.1.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or
other equivalent means. This applies to all springs and other parts upon which proper mechanica
operation may depend.

Exception: This requiremenf does not apply to:

a) Bearings, thermgl elements, sliding surfaces of a hinge, or shaft, and the {ike; where such
protection is impractcable;

b) Small parts of irgn or steel, such as washers, screws, bolts, and the_like, that are not current
carrying, if the corrogion of such parts would not be likely to result in a risk.of fire, electric shock, of
injury to persons; angd

¢) Parts made of stalnless steel that are polished or treated, if necessary.

8.1.2 Fora Type 1, 2, 5, 12, 12K, or 13 enclosure, both the inside*and outside surfaces of an enclosursg
including means for fastening, shall be protected against corrosioh by enameling, galvanizing, plating, o
other equivalent means.

Exception: An enclosure gnd means for fastening that are of a metal that is inherently resistant td
corrosion need not comply with this requirement.

8.2 Outdoor enclosures

8.2.1 AType 3, 3R, 3RX, BS, 3SX, 3X%;4,"4X, 6, or 6P enclosure shall be protected against corrosion as
specified under Protection Against Corrosion in UL 50E.

ENCLOSURE PERFORMA‘NCE

9 General

9.1 The performance requirements of an enclosure are determined by the specific environmental type
designation and other features such as gasketing or use of materials thinner than required by Table 7.1 or
Table 7.2.

9.2 An enclosure shall be subjected to the tests specified in the table for Enclosure Types in UL 50E,
applicable to an enclosure of the type number or numbers with which it is marked.

9.3 An enclosure having multiple compartments shall have each compartment subjected to the tests
specified in the table for enclosure types in UL 50E, for its respective enclosure type designation. The
internal barrier between compartments is not required to be directly subjected to these tests. Any joints
and gasket materials between compartments shall be subjected to the environmental tests which are the
most severe for either compartment.
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9.4 A Type 12 enclosure having ventilation openings shall be subjected to the indoor dust test in
accordance with UL 50E. When the enclosure is provided with a fan, the enclosure shall be subjected to all
environmental tests required by 9.2, both with the fan on and with the fan off. As a result of these tests,
there shall be no entry of dust into the compartment having a Type 12 rating.

9.5 An external operating means — such as those for a disconnect, a pilot device, or a resetting operation
— mounted on or through an enclosure shall withstand the tests specified for the enclosure unless
otherwise indicated in the specific test section.

9.6 Types 1, 2, 3R, and 3RX enclosures shall also comply with the requirements in 7.17.1.

9.7 AType 4X enclosure intended for indoor use only and marked in accordance with 12.19:

a) Need not be subjefted to the Icing Test in UL 50E; and

b) For a polymeric lenclosure, need not have a material which is resistant to ultraviolet light
weathering in accordance with UL 746C.

9.8 The conduit mentioned in 7.15.3 is to be tightened to the applicable torque value ‘specified in Table
9.1. No sealing compound other than that normally provided by the end use manufacturer is to be used.

Exception No. 1: When conducting the Pressure Test in UL 50E, and the Submersion Test in UL 50E, a
pipe thread sealing compoumnd may be used when connecting conduit.

Exception No. 2: A lesser tprque value may be used for polymeric enclosures if the device is marked as
noted in 75.10.

Table 9.1
Tightening Torque
Trade size of circuit hub Tightening torque
inches pound-inches (N-m)
3/4 and smaller 800 (90.4)
1, 1-1/4, and 1-1/2 1000 (113)
2 and larger 1600 (181)

10 Securement of Snap-Qn Cover Test

10.1 A snap-on cover providing part of the overall enclosure that gives access to uninsulated live parts
and does not have a separate tool-operated fastener shall have no apparent means for removal such as
an extending tab, and is to comply with the following:

a) A cover that could be disengaged from the enclosure by a squeezing force applied with one
hand shall not be released when a squeezing force of 14 pounds (62 N) or less is applied at any
two locations not more than 5 inches (127 mm) apart. The distance is to be measured by a tape
stretched tightly over that portion of the surface of the cover that would be encompassed by the
palm of the hand.

b) A cover shall not disengage from the enclosure when a direct pull force of 14 pounds is applied
by gripping the cover at any two convenient locations.
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c) A cover shall not be disengaged from the enclosure by an impact force of 1 foot-pound (1.4 J)
applied to the accessible faces of the cover — one blow per face. The impact is to be applied by a
steel ball having a diameter of not less than 2 inches (51 mm).

10.2 The tests described in 10.1(a) and 10.1(b) are to be conducted in the as-received condition and
after the cover has been removed and replaced ten times.

INSTRUCTIONS AND MARKINGS PERTAINING TO ENCLOSURES

11 Permanence of Marking

11.1  Any marking that is
stamped or etched metal that is permanently secured, or indelibly stamped lettering on a pressure
sensitive label secured by [adhesive. Ordinary usage, handling, storage, and the like, of a product arg
considered in the determingtion of the permanency of a marking.

12 Details

12.1 An enclosure shall [be permanently marked with a type designation indicating the external
conditions for which it is int¢nded as defined in UL 50E. An enclosure that complies with the requirementg
for more than one type of gnclosure may be marked with multiple designations{ The marking shall be on
either the inside or outside purface but shall be visible after installation upon inaspection of the field wiring
connections.

12.2 An enclosure having| multiple compartments with different envirohmental ratings shall indicate or
the nameplate, "Install in Type __ Environment", or the equivalent\where the marked type number is thg
type designation of the compartment affording the least protection/from external conditions as specified in
the table for enclosure typeg in UL 50E. Additional nameplate information regarding the level of protectior
provided for an individual cqmpartment shall follow and be less prominent than the above marking.

12.3 AType 1 enclosure npjay be additionally marked'indoor use only".

12.4 AType 3, 3S, 3SX, 3K, 4, 4X, 6, or 6P enclosure may be marked "raintight".

12.5 AType 3R or 3RX enclosure may be-marked "rainproof".

12.6 AType 4 or 4X enclosure may_be marked "watertight".

12.7 AType 3RX, 3SX, 34,"4X or 6P enclosure may be marked "corrosion resistant".

12.8 AType 2, 5,12, 12K, or 13 enclosure is able to be marked "drip tight".
12.9 AType 3, 3S, 3SX, 3X, 5, 12, 12K, or 13 enclosure is able to be marked "dust tight".

1210 Conduit hubs provided for compliance with 7.15.3, 7.15.5, 7.15.6, 7.15.7, 7.15.8, or 7.15.10 shall
comply with the requirements in UL 514B.

12.11  When conduit hubs are not provided for a Type 2, 3, 3R, 3RX, 3S, 3SX, 3X, or 5 enclosure, the
enclosure, the instruction sheet provided with the enclosure, or the packaging carton shall be marked to
indicate raintight or wet location hubs that comply with the requirements in UL 514B, are to be used.

12.12 A separable conduit hub and a closure fitting shall be marked with the manufacturer's name or
trademark and the catalog number or equivalent. Such a hub or fitting may be shipped separately, and any
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gasket, hardware, and instructions necessary for installation shall be shipped with the fitting or packaged
with the enclosure.

12.13 An enclosure marked Type 4, 4X, 6, or 6P shall be provided with instructions for use of the
watertight connection if the connection is not mounted on the enclosure.

12.14 A Type 2, 3R, or 3RX enclosure that has knockouts for conduit in the sides or back of the
enclosure and in which the equipment to be installed is not known shall be marked to indicate the area in

which live parts are to be ins

12.15
bonding means that identifie

12.16 A pushbutton statio
continuity of grounding bet
connected to the enclosure.

12.17 If a hub or fitting is
the specific hub or fitting anad

12.18 A polymeric enclosu
before the hub is connected

a) Is intended for con

b) Has not been su
Conduit Connection

c) Is not provided wit

12.19 With reference to 9
Indoor Use Only" in letters a

DEVICE CONSTRUCTION
13 General

13.1 Industrial control equi

talled. See Exception No. 1 to 7.15.5 and Exception No. 110 7.15.7.

Installation instructions shall be provided with an enclosure intended for field assembly of the

s the parts for bonding and specifies the method of installation.

N or selector switch enclosure of insulating material that has no means (for|
veen any conduit provision shall be marked that only one conduit is|{o be

hot provided or installed on a Type 4 or 4X enclosure, instructions identifying
installation instructions shall be provided with the enclosure.

Fe shall have instructions stating that the hub is to be/Connected to the conduit
to the enclosure if it:

hection to a rigid conduit system;

bjected to the torque test described in “Rolymeric Enclosure Rigid Metallic
[ests in UL 50; and

 a preassembled hub.

7, a Type 4X enclosure «intended for indoor use only shall be marked "4X
least 5/32 inch (4.0 mm).high.

bment shall:

a) Be constructed sg

that it complies with the rules for installation and use of such equipment as

given in NFPA 70-2002; and

b) Employ materials that are acceptable for the use.

14 Protection Against Corrosion

14.1

Iron and steel parts shall comply with the requirements in 8.1.1.

15 Provisions for Mounting

15.1
surface. A bolt, screw, or ot
securing the equipment to th

Provisions shall be made for securely mounting industrial control equipment to a supporting

her part used to mount a component of the equipment shall not be used for
e supporting surface.
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16 Insulating Material

16.1 A material that is used for the direct support of an uninsulated live part shall comply with the
Relative Thermal Index (RTI), Hot Wire Ignition (HWI), High-Current-Arc Resistance to Ignition (HAI), and
Comparative Tracking Index (CTI) values indicated in Table 16.1. A material is in direct support of an
uninsulated live part when:

a) It is in direct physical contact with or in close proximity [less than 1/32 inch (0.8 mm)] to the
uninsulated live part; and

b) It serves to physically support or maintain the relative position of the uninsulated live part with
respect to spacing requirements.

Exception: A generic materlal provided in the thickness indicated in Table 16.2 complies with 16.1 withouf
additional evaluation.

Table 16.1
Minimum Material Characteristics for the Direct Support of Uninsulated Live Parts

Maximum Performance Level Category (PLC)
Flame Class RTI Elec b 3 foh
HWIP* HAI% ¢ CTI"®
HB a 2 1 3
V-2, VTM-2 a 2 2 3
V-1, VTM-1 a 3 2 3
V-0, VTM-0 a 4 3 3

Relative Thermal Index (RTI)

2 The electrical Relative Thermal Jndex (RTI) value of a material is to be determined in accordance with UL 746B, by test or by use
of the generic RTI table. This maferial characteristic is dependent upon the:minimum thickness at which the material is being used.
The RTI shall not be exceeded dyring the Temperature Test, Section 45-

Hot Wire Ignition (HWI)

® The Hot Wire Ignition (HWI) valfe of a material is to be determined by test in accordance with UL 746A. This material
characteristic is dependent upon the minimum thickness at which the material is being used. When the thickness of an insulating
material is less than the minimum] specified thickness corresponding to a HWI value, the material is evaluated as in footnote c.

¢ A material without an HWI Perfgrmance Level Category (PLC) value or with a HWI PLC value greater (worse) than the value
required by Table 16.1 shall be sybjected to the.end-product Abnormal Overload Test or the Glow Wire End-Product Test specified
in UL 746C.

High Current Arc Resistance td Ignition'(HAI)

4 The HAI value of a material is td be detérmined by test in accordance with UL 746A. This material characteristic is dependent
upon the minimum thickness at which'thie material is being used. When the thickness of an insulating material is less than the
minimum specified thickness correspenst ethe-materiaHse ed-as+

ae-to-a A a o a oo ca-a-faatrota-a

¢ A material without an HAI PLC value or with an HAI PLC value greater (worse) than the value required by Table 16.1 shall be
subjected to the end-product Arc Resistance Test specified in UL 746C.

Comparative Tracking Index (CTI)

fThe Comparative Tracking Index (CTI) PLC value of a material is to be determined by test in accordance with UL 746A. This
material characteristic is not dependent upon the minimum thickness at which the material is being used. When the thickness of
an insulating material is less than the minimum specified thickness corresponding to a CTl value, the material is evaluated as
having the same CTI value found for the greater thickness. The CTI value applies to insulating materials used in pollution degree 3
environments for voltages of 600V or less. For equipment where pollution degree 1 or 2 is maintained, an insulating material shall
have a CTI PLC of 4 or less. For equipment rated 601-1500 volts, see footnote h.

9 A material without a CTI PLC value or with a CTI PLC value greater (worse) than the value required by Table 16.1 shall have a
proof tracking index of 175 when used in pollution degree 3 environment or a proof tracking index of 100 when used in pollution
degree 1 or 2 environment as determined by the end-product Proof Tracking Test specified in UL 746C.

h For equipment rated 601 — 1500 volts, the insulating material shall not track beyond one inch in less than 60 minutes using the
time to track method of the Inclined Plane Tracking Test specified in UL 746A. The voltage for the Inclined Plane Tracking Test
shall be not less than the rated voltage of the equipment.
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Table 16.2
Generic Materials for Direct Support of Uninsulated Live Parts
Thickness,

Generic material Inch (mm) RTI, °C
Diallyl Phthalate 0.028 0.71) 105
Epoxy 0.028 (0.71) 105
Melamine 0.028 (0.71) 130
Melamine-Phenolic 0.028 (0.71) 130
Phenolic 0.028 (0.71) 150
Unfilled Nylon 0.028 071 105.
Unfilled Polycarbonate 0.028 (0.71) 105
Urea Formaldehyde 0.028 (0.71) 100
Ceramic, Porcelain, and Slate No limit No limit
Beryllium Oxide No limit No limit

NOTE — Each material shall be us
exceeded during the Temperature

ed within its minimum thickness and its Relative Thermal Index (RTI) value shalMot be
Test, Section 45.

16.2 Insulating material —
insulating sheet, encapsulat
through air spacings (or both

16.3 A printed wiring boarg
of V-0, V-1, or V-2, and comy

16.4 An insulating materia
746D, when:

a) More than 25 perc

b) Any amount of reg

¢) The part is co-moldled, using two different plastics in the same mold for a part; or

d) Made from any am

17 Means for Switching

such as a relay dust cover, transformer bobbin, printed wiring broad (PWB)
on, or the like — that is used as a barrier in lieu of. the required over surface or
) shall comply with the requirements in 38.1.

shall comply with the requirements in UL</96, shall have a flammability rating
ly with the direct support requirements.in 16.1.

used for direct support as in 1631, shall comply with Sections 8 — 10 of UL

ent by weight of regrind thermoplastic is included;

rind thermoset matérial, such as phenolic, or melamine, is included;

ount of reeycled plastic.

17.1 The position of a handle of a manual switching means shall be marked in accordance with 73.15.

17.2 If a circuit breaker or switch is mounted such that movement of the operating handle, either
vertically or rotationally, between the on and off positions results in one position being above the other
position, the upper position shall be the on position. The requirement does not apply to a circuit breaker or
switch that is operated horizontally or that is operated rotationally and the on and off positions are at the
same level, nor to a switching device having two on positions, such as a transfer switch or a double throw

switch.

17.3 A single-throw knife switch shall be mounted so that gravity will not tend to close it.

17.4 A knife switch shall be connected so that the blade or blades are connected to the load circuit and
are de-energized when the switch is open.
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Exception: The blade or blades of a switch may be energized by a backfeed circuit when the switch is in an
open position if the switch is marked in accordance with 75.11.

17.5 A direct-current motor-starting rheostat shall not complete the electrical circuit in the off or initial
position

17.6 A motor-starting rheostat shall be constructed so that the contact arm or similar part cannot be left
in any but the off position or the full running position.

17.7 A switch intended for mounting in an outlet box and with an identified "off" function, such as a
marked "OFF" or "O" switch position, shall be constructed such that when the switch is in the "off" mode,
all ungrounded conductors are_completely opened by means of an air gap between the line and load
terminals. For example, switches incorporating in-line components, such as neon indicators, that pass
current through the load when the switch is open, shall not be marked "OFF" or "O".

18 Live Parts

18.1 A current-carrying pg
be of metal or other materia

rt shall have mechanical strength and ampacity for the intended-use and shal
that is acceptable for the application.

18.2 An uninsulated live p
other than friction between
motion may result in reduc
security of a contact assem

Exception: A pressure term

brt, including a terminal, shall be secured to its supparting surface by a methog
surfaces so that it will be prevented from turning or shifting in position if such
ion of spacings to less than those required elsewhere in this Standard. The
bly shall maintain continued alignment of contacts.

fnal connector need not be prevented from turning providing no spacings les§

than those required result when the terminals are turned 30 degrees toward each other, or toward othef
uninsulated parts of opposite polarity, or toward grounded metafparts.

18.3 A live screwhead or hut on the underside of an_insulating base shall be prevented from loosening
and shall be acceptably insylated or spaced from the mounting surface. This may be accomplished by:

a) Countersinking st
insulating sealing cd
normal operating ten

ch parts at least 1/8.inch (3.2 mm) and then covering them with a waterproof|
mpound that doés not melt at a temperature of 15 °C (27 °F) higher than its
hperature in the.equipment, but at least 65 °C (149 °F); or

b) Securing such
equivalent, or by thrg

arts andiinsulating them from the mounting surface by a barrier, or the
ugh airer over surface spacings specified elsewhere in this Standard.

19 Protective Devices

19.1 General

19.1.1 For a single motor controller provided with branch-ciruit short-circuit and ground fault protection, a
fuse-holder or circuit-breaker shall comply with the following:

a) The voltage rating of the fuseholder or circuit breaker shall be at least the voltage of any
assigned horsepower rating;

b) The ampere rating or setting of a fuseholder or circuit breaker shall be at least 115 percent of the
full-load current of any assigned horsepower rating; and

¢) The ampere rating of an inverse-time circuit breaker shall be no more than:
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1) Four times
current of 100

the largest full-load current of the assigned horsepower rating for a full-load
amperes or less; and

2) Three times the largest full-load current of the assigned horsepower rating for a full-load
current greater than 100 amperes.

19.1.2 When the equipment includes one or more circuits supplying power to one or more lampholders
or attachment-plug receptacles rated 15 amps or less, individual overcurrent protection rated not more
than 20 amperes shall be provided as a part of the equipment.

Exception: No additional overcurrent protection is required in the equipment when it is intended to be
connected in the field to a branch circuit rated not more than 20 amperes.

19.2 Protection of interng

19.2.1 Conductors of contr
circuit protective device — g
Table 19.1 by protective deg
provided in each ungrounde
the conductor is connected {

| primary and secondary control circuit conductors

pl circuits that are connected to the load side of the motor branch-ciretit short-
ommon control — shall be protected against overcurrent in accordance with
vices located within the controller. Overcurrent protective devices shall be
d conductor, located no more than 12 inches (305 mm) from.the point where
b the source of power.

Table 19.1
Overcurrent Protection
Control-circuit wire size Maximum protective device rating
AWG (mm?) amperes
22 (0.32) 3
20 (0.52) 5
18 (0.82) 7
16 (1.3) 10
14 (2.1) 20
12 (3.3) 25

19.2.2 An additional prote
controller when the rating o
branch-circuit short-circuit p
When the motor branch-ci

ctive devicevas in 19.2.1 is not required to be assembled as part of the
trip setting, in the case of an instantaneous-trip circuit breaker, of the motor
fotective device is not more than the applicable value specified in Table 19.2.
cuit short-circuit protective device is not supplied with the controller, the

rdane dh 72 99 \Allhan th

r hyon

controller is marked in ac

AAL mat eh olrai it oot ~tear gt At
TOaroC—wWit T T O zZ- vvihicT ol iotor— oranor O U SToT T O oUTe protctuve

device is an integral part of the controller and incorporates a fuseholder or an instantaneous-trip circuit
breaker where the largest fuse or highest setting does not comply with Table 19.2, the controller is marked

in accordance with 73.22.


https://ulnorm.com/api/?name=UL 508 2024.pdf

OCTOBER 28, 2024 UL 508 49
Table 19.2
Branch-Circuit Short-Circuit Protection
Maximum rating of branch-circuit-protective device,
Control-circuit wire size amperes
5 Conductors within Conductors outside
AWG (mm?) enclosure enclosure

22 (0.32) 12 3
20 (0.52) 20 5
18 (0.82) 25 7
16 (1.3) 40 10
14 ('). 1 ) 100 AL,
12 (3.3) 120 60

19.2.3 A controller that co

control circuit conductors to
with the protective device th
controller is marked in acco

19.2.4 Direct leads meas
having no connection exte
insulated or uninsulated p
required by 19.2.1.

19.2.5 A protective devig
overcurrent-protective devid
required to be installed in 4
with 73.23 or 73.24 as appli

19.2.6 When the marked
required by 73.3, exceeds
the available fault current i
and the fuseholder shall bg
with 73.24.

19.3 Protection of contrg

mplies with 19.2.2 is able to have additional ratings that require pratection fo
be added in the field when the manufacturer makes available antaccessory ki
at complies with 19.2.1 intended for installation in the controllerenclosure. The
dance with 73.21.

bring a maximum of 12 inches (305 mm) long or printed-wiring assemblieg
rnal to the motor controller, and having no moré than casual contact with
brts of opposite polarity or with grounded parts. need not be protected ag

e specified in 19.2.1 shall be either_a “supplementary or a branch-circui
e. A fuse shall be factory installed in @sSupplementary fuseholder. A fuse is no
branch-circuit-type fuseholder. The controller shall be marked in accordancs
Cable.

minimum short circuit .current rating or marked maximum circuit capacity|
10,000 amperes, only a branch-circuit overcurrent-protective device rated fo
volved shall be used."\When provided, fuses shall be Class CC, G, J, R, or T|
appropriate for_the fuse used. The controller shall be marked in accordance

| circuittransformer

19.3.1 A control circuit tr.

nsformer shall be provided with overcurrent protection which complies with

\L

19.2.5 and is one of the folldwirg-t

nac:
Peos

J

a) Individual overcurrent devices located in the primary circuit that are rated or set as specified in

Table 19.3. Overcurr

b) Secondary circuit

ent protective devices shall be provided in each ungrounded conductor.

protection rated or set at not more than 125 percent of the rated secondary

current of the transformer and primary feeder circuit protection rated or set at not more than 250
percent of the rated primary current of the transformer.

Exception: When the rated secondary current of a transformer is 2 amperes or more, the current
rating of the secondary overcurrent device shall be as indicated in line 2 or 3 of Table 19.3, as

applicable.

c) Coordinated ther

mal overload protection arranged to interrupt the primary circuit when the

primary circuit overcurrent device is rated for or set to open at a current of not more than:
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1) For transformers having not more than 6 percent impedance — six times the rated current
of the transformer.

2) For transformers having more than 6 but less than 10 percent impedance — four times the
rated current of the transformer.

Exception: Overcurrent protection is not required when:

a) The transformer supplies a Class 1 power-limited, Class 2, or Class 3 remote-control circuit;

b) The transformer is rated less than 50 volt-amperes, is inherently protected, and is an integral

part of the motor con

c¢) The primary feede

troller;

- circuit overcurrent device provides the required protection; or

d) The protection is grovided by other means that comply with the applicable requirements imNFPA
70-2002 and in this Standard.

Table 19.3
Maximum Acceptable Rating of Overcurrent Device
Maximum rating of overcurrent protective device
expressed as a percent oftransformer primary current
Rating primary cu1rent, amperes rating

Less thdn 2 500
2tolessthan 9 167

9 or mgre 1252

2See 19.3.2.

19.3.2 When the rated prithary current of the transformeris 9 amperes or more and 125 percent of this
current does not correspond to a standard rating of fusé or nonadjustable circuit breaker, the next higher
standard rating of protectivel device is able to be used. Standard ratings for fuses and inverse-time circuit

breakers are specified in 53.

1.2.2 and 53.1.3.2,«espectively.

19.3.3 A control transformér and its primary’and secondary conductors may be protected by overcurrent

devices located in the prima

a) The transformer is

[y circuit previded:

single'phase and has only a two-wire (single voltage) secondary;

b) The maximum valyé-of an intended overcurrent device is determined in accordance with 19.3.1;

c) The maximum va

lue of an intended overcurrent device as determined in 19.3.3(b) does not

exceed the value of the overcurrent device obtained from Table 19.1 for the secondary conductor
multiplied by the secondary-to-primary voltage ratio of the transformer; and

d) The overcurrent device complies with 19.2.5.

19.4 Low-voltage protect

ion

19.4.1 A direct-current motor-starting rheostat shall be provided with a low-voltage protective device,
operative on the reduction of voltage to less than one-third of its normal value, to cause and maintain the
interruption of power to the main circuit.
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19.5 Phase loss protection

19.5.1
polyphase circuit to cause a

A phase loss protective device shall operate upon the loss of power in one conductor of a

nd maintain the interruption of power in all of the circuit.

Exception: A phase loss protective device for an intermittently operated machine, such as a crane or an
elevator, that has a definitely limited travel and a limited time for continuous running, may function only to

prevent the restarting of the
19.6 Phase-reversal prot

19.6.1 A phase-reversal

motor upon the loss of power in one conductor to the motor.

ection

A
3

protective device shall operate on the reversal of the phase rotation in

polyphase circuit to cause a
20 Capacitors

20.1 A motor starting cap3
comply with the protected
conditions based on the br.

Also, these capacitors and any associated circuit solid-state components shall be evaluated in accordance

with the Breakdown of Com

Exception: If the available f
winding, the capacitor may
not less than the current e
components.

20.2 A non-motor starting

and any associated circui
Breakdown of Components
21 Fuseholders
21.1 A fuseholder shall be

21.2 A cartridge fuseholds

nd maintain the interruption of power in all of the circuit.

citor employing a liquid dielectric medium more combustible than“askarel shal
oil filled capacitor requirements in UL 810, including faulted overcurren
hnch circuit in which it is used. See Short Circuit Test — General, Section 52

bonents Test, Section 60.
qault current is limited by other components in the-circuit such as a motor-stan

be tested using a fault current less than the-value specified in Table 53.3, bu
stablished by dividing the rated circuit voltage by the impedance of the othef

1

capacitor employing a liquid dielectric medium more combustible than askarel
solid-state components, need-only be evaluated in accordance with thg
Test, Section 60.

of either the cartridge or plug fuse type.

r shall befgonstructed for use with a branch-circuit fuse.

Exception: If a supplement

use with the supplementary|fuse.

ry.fuse is used as specified in 19.2.5, the fuseholder shall be constructed fof

21.3 A plug fuse shall not be used in equipment rated more than 125 or 125/250 volts.

22 Internal Wiring

22.1 General

2211
damage during installation.

The wiring and connections between parts of the equipment shall be protected from mechanical

22.1.2 The insulation on all internal wires of the equipment shall be rated for the voltage and the
temperature conditions of use. It shall also be considered with respect to other conditions of service to
which it is likely to be subjected. Wire insulation shall be at least 1/32 inch (0.8 mm) thick if it is subjected
to movement, flexing, or handling during its intended use, or during maintenance.
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Exception: Internal wires used for grounding or bonding need not be insulated.
22.2 Routing of internal wiring

22.2.1 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 may bear to reduce the risk of abrasion of the insulation.

22.2.2 Wires shall be routed away from sharp edges, screw threads, burrs, fins, moving parts, drawers,
and the like, that can abrade the wire insulation.

22.3 Clamps and guides

22.3.1 Clamps and guides| either metallic or nonmetallic, used for routing stationary internal wiring shall
be provided with smooth, well-rounded edges. The clamping action and bearing surface shall be such that
abrasion or cold flow of thelinsulation cannot occur. Auxiliary nonconducting mechanical protection shall
be provided under a metallic clamp that exerts pressure on a conductor having thermoplasti¢ insulation
less than 1/32 inch (0.8 mm) thick and having no overall braid.

22.4 Flexing of internal wjiring
22,41 Wiring that is subject to flexing during servicing such as that from ‘& stationary part to a part
mounted on a hinged door|shall be provided with additional insulation at~any point where it is flexed,

unless the wiring is flexible dord.

Exception: Additional insulation is not required if the test described in Wire Flexing, Section 63 is
completed without evidence |of damage to the wiring.

22.5 Additional insulation
22.5.1 Additional insulation, if used, shall be insulatihg sleeving, tubing, or a wrapping of not less than

two layers of insulating tapg. The insulation shall be made of materials rated for the temperature and
voltage involved.

22.6 Splices and connectfions

22.6.1 All splices and connlectionsshall be mechanically secure and shall provide electrical continuity.

22.6.2 Electrical connectiadns-shall be soldered. welded, crimped, or otherwise securely connected. A
soldered joint shall be mechanically secure before soldering.

Exception: Printed wiring board joints need not be mechanically secure before soldering.

22.6.3 A soldered lead is mechanically secure when it is:
a) Wrapped at least halfway (180 degrees) around a terminal;
b) Provided with at least one right angle bend when passed through an eyelet or opening; or

c¢) Twisted with other conductors.

22.6.4 If stranded internal wiring is connected to a wire-binding screw, the construction shall be such that
loose strands of wire cannot contact other uninsulated live parts not always of the same polarity as the
wire, and de-energized metal parts. This can be accomplished by any acceptable means including use of


https://ulnorm.com/api/?name=UL 508 2024.pdf

OCTOBER 28, 2024 UL 508 53

machine- or tool-applied pressure terminal connectors, soldering lugs, or crimped eyelets, or soldering all
strands of the wire together.

22.7 Splice insulation

22.7.1 A splice shall be provided with insulation equivalent to that of the wires involved.

22.7.2 In determining if splice insulation consisting of coated-fabric, thermoplastic, or other types of
tubing is acceptable, consideration is to be given to electrical and mechanical properties including
dielectric voltage-withstand ability, heat resistance, and moisture resistance. See 22.5.1. Thermoplastic
tape shall not be wrapped over a sharp edge or connection.

23 External Interconneclions
23.1 Open equipment

23.1.1 The means providgd for the interconnection of open equipment within a control enclosure such ag

interconnecting cable, corg
requirements for Internal
equipment to remote equi

, or harness, shall be evaluated as internal wiring in accordance with the
Wiring, Section 22. The means provided for the interconnection of oper
ment outside of the control enclosure, such as by means of permanently

installed field wiring, shall comply with the requirements for Supply Connections(Section 26.

23.2 Enclosed equipment

23.2.1 The means provid
requirements of 23.3.1 —
interconnection by means
Supply Connections, Sectig

ed for the interconnection of enclosed‘equipment shall comply with the
23.3.4, except that equipment with\ field wiring provisions to facilitatg
of permanently installed field wiringCshall comply with the requirements o
h 26.

23.3 Interconnecting collds and cables
23.3.1 Cable assemblies

x}n
or between units of a syste
be provided with bushings 4

d flexible cords previded for interconnection between sections of equipmen
shall be of a type that is acceptable for the service or use involved and shal
nd strain relief.

23.3.2 Misalignment of male and female connectors, insertion of a multipin male connector in a femalg
connector other than the ong intended to receive it, and other manipulations of parts that are accessible tg
the operator shall not result|in mechanical damage or a risk of fire, electric shock, or injury to persons.

23.3.3 If 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.

23.3.4 Aninterlock circuit in the cable to de-energize the exposed contacts whenever an end of the cable
is disconnected is an acceptable method of complying with the requirement in 23.3.3.

24 Transformers

241 A transformer employed in industrial control equipment shall comply with UL 5085-1 and UL 5085-
2, unless the load is part of the equipment. Where the transformer is part of the equipment, the transformer
shall comply with the construction requirements as noted elsewhere, the Temperature Test, Section 45,
and the Dielectric Voltage-Withstand Test, Section 51, in this Standard.
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Exception: Pulse and current transformers constructed in a manner other than allowed by the applicable
UL transformer standard are considered to be in compliance with this requirement if they can withstand,
without breakdown, a dielectric voltage withstand potential in accordance with Section 51, applied
between the primary and the secondary windings. An example of transformer constructions for which this
exception would apply are those that may rely upon magnet wire coating to provide isolation instead of
inter-winding tape.

25 Blower Motors

25.1 Each blower motor shall be capable of delivering its maximum normal load without introducing risk
of fire, electric shock, or injury to persons. The motor winding shall resist the absorption of moisture. See
Coil Windings, Section 28.

25.2 Each blower motor shall incorporate one of the following forms of locked rotor protection:
a) Thermal protectior] complying with the applicable requirements in UL 2111;
b) Impedance protecfion complying with the applicable requirements in UL 2111; or

c) Other protection thiat is shown by test to be equivalent to the protection specified’in 25.2(a).
26 Supply Connections
26.1 General

26.1.1 Supply connectiong are considered to be those electrical connections that are made in the field
when the equipment is installed.

26.2 Permanently connegted equipment

26.2.1 Industrial control equipment intended for permanent connection to the power supply shall have
provision for connection of ohe of the applicable wiring-systems in accordance with NFPA 70-2002.

Exception: An enclosure is not required to have)provision for the connection of a wiring system, such as a
conduit hub, a knockout or g fitting, if it is intended to be drilled or punched in the field to accommodate a
wiring system and is providefd with apprepriate installation instructions.

26.3 Tapped holes for conduit

26.3.1 A tapped hole in alLcast metal enclosure for the attachment of threaded rigid canduit shall he
provided with:

a) An integral bushing having a smooth, rounded inlet hole with a diameter approximately the same
as the internal diameter of a standard bushing to provide protection for the conductors equivalent to
that provided by such a bushing, or shall be located so that a standard bushing may be attached to
the end of the conduit; and

b) At least three full threads when tapped all the way through the wall of an enclosure, or with at
least 3-1/2 full threads when used with an integral bushing.

26.4 Knockouts

26.4.1 A knockout in a sheet-metal enclosure shall be reliably secured but capable of being removed
without undue deformation of the enclosure.
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26.4.2 A knockout shall be provided with a flat surrounding surface for proper seating of a conduit
bushing, and shall be located so that installation of a bushing at any knockout likely to be used during
installation will not result in spacings between uninsulated live parts and the bushing that are less than the
minimum values specified in this Standard.

26.5 Size of wiring terminals and leads

26.5.1 Except as noted in 26.6.5, industrial control equipment shall be provided with wiring terminals or
leads for connection of conductors having an ampacity or wire size not less than 14 AWG for power- or
lighting-circuit conductors or the largest of the following, whichever is larger, for each field wiring terminal:

a) The ampere rating of the circuit.

b) One-hundred twenty-five percent of the full-load motor current specified in Table 47.2 or Tabldg
47.3 for the horsepdwer rating, or, in the case of power conversion equipment, in which the inpu
current is different frpm motor full-load current, 125 percent of maximum rated input current.

¢) One-hundred twenty-five percent of the resistive ampere rating of the devices intended to contro
fixed electric space-heating equipment loads.

d) For equipment controlling a direct-current motor intended to be operated from a rectified single
phase power supply

1) One-hundted ninety percent of full load current when a half.wave rectifier is used.
2) One-hundred fifty percent of full load current when a fulbwave rectifier is used.
Exception: Item (d) does not apply when the product is markéd in accordance with 75.9.

e) 14 AWG (2.1 mny?) for control, signal, or sensor circtits unless the terminals are intended ang
marked (on produci or installation instructions) for'the connection of smaller conductor size o
sizes.

f) Minimum 14 AWG|(2.1 mm?) for power circuifs.

26.5.2 Equipment having|a current rating( or' a horsepower rating with a full-load motor current ag
specified in Table 47.2 or Table 47.3 is connected with wire of a size determined in accordance with Tablg
45.3. Unless marked for usg only with wire-rated 75 °C (167 °F), the size is to be based upon wire rated fo
a 60 °C (140 °F) temperatufe for equipment rated 100 amperes or less; and upon wire rated for 75 °C fo
equipment rated greater thgn 100 amperes. The type of insulation is not specified.

26.5.3 When a wiring terminal will receive the next larger size conductor than that required in 26.5.1, thg
terminal shall comply with secureness and pullout requirements with that size conductor, unless the
equipment is marked to restrict its use to only the smaller size conductor as in 74.10.

26.6 Evaluation of pressure wire connectors

26.6.1 A field-wiring pressure wire connector provided with or specified for use with industrial control
equipment shall comply with one of the following, as applicable:

a) The performance requirements in UL 486A-486B; or

b) The performance requirements in UL 486E.

26.6.2 The tightening torque for a field-wiring terminal shall be as specified by the industrial control
equipment manufacturer and shall be marked as specified in 74.12. The specified tightening torque shall
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not be less than 90 percent of the value employed in the temperature test or static heating test as specified
in the requirements in UL 486A-486B or UL 486E, for that wire size corresponding to the ampere rating of
the industrial control equipment.

Exception No. 1: When the tightening torque is less than 90 percent of the value specified, the connector
shall be investigated in accordance with UL 486A-486B or UL 486E, with the lesser assigned torque value.

Exception No. 2: A field-wiring terminal intended only for the connection of a control circuit conductor is
not required to be marked with a value of tightening torque when tested in accordance with the applicable
requirements in UL 486A-486B or UL 486E, with a value of tightening torque of 7 pound-inches (0.8 N-m).

26.6.3 A field wiring terminal intended for field wiring of conductors smaller than 14 AWG (2.1 mm?) as
specified by the installation| instructions or wiring diagram furnished with the device, the terminal shall
comply with the requirementp in 26.6.1 and 26.6.2:

a) For such conductars; and

b) For 18 AWG (0.8 mm2) when the specified conductors are smaller than 18 AWG.

26.6.4 A pressure wire tgrminal shall comply with the Verification of the Performance of Terminal
Assembilies Test in UL 1059

26.6.5 A pressure terminallconnector, including one that is compression tool applied, for field connection
to line or load is not required to be provided for equipment with field wiringdarger than 10 AWG (5.3 mm?)
when the construction complies with the following conditions:

a) Component termiphal connectors are available from thevequipment manufacturer and one or
more are specified fof field installation on the equipment.

b) A fastening devicg, such as a stud, nut, bolt, spring or flat washer, or similar fastening device,
that is required for ingtallation provided as part of the component terminal assembly, or mounted on
or separately packagged with the equipment.

c) The installation of fhe terminal assembly.does not involve the loosening or disassembly of a part
other than a cover o1 other part giving(access to the terminal location. The means for securing the
terminal connectors ghall be accessiblé for tightening before and after installation of the conductor.

d) If the pressure comnector provided in a component terminal assembly requires the use of other
than an ordinary too| for securing the conductor, instructions referencing use of the tool shall be

included with the conpponent assembly or with the equipment.
e) Installation of a plmmmrmmmmmmmm

complies with the requirements in this Standard.

f) The equipment is marked in accordance with 74.11.
26.7 Evaluation of quick connect terminals

26.7.1 A quick connect terminal shall be used with 22 — 10 AWG conductors. A nominal 0.110-, 0.125-,
0.187-, 0.205-, or 0.250-inch wide quick-connect terminal shall comply with UL 310. Other sizes of quick-
connect terminals shall be investigated with respect to such areas as crimp pullout, engagement-
disengagement forces of the connector and tab, and temperature rises in accordance with UL 310.

Note: A quick connect terminal may consist of either a connector (Female QC) or a production tab (Male QC).
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26.7.2 A quick connect tab shall comply with the Tab Pull Test of UL 1059, and the construction
requirements in accordance with UL 310.

26.8 Evaluation of wire binding screws

26.8.1 A terminal to which 10 AWG (5.3 mm?) or smaller wiring connections are to be made shall consist
of a clamp or binding screw with a terminal plate having upturned lugs or the equivalent to hold the wire in
position.

26.8.2 A wire-binding screw to which field-wiring connections are made shall have a major thread
diameter of 0.154 inches (3.91 mm) minimum.

Exception: A wire-binding strew with a major thread diameter of 0.128 inches (3.25 mm) minimum is ablg
to be used for a terminal intgnded only for connection of a 14 AWG (2.1 mm?) conductor.

26.8.3 A terminal plate ta
mm) thick for a 14 AWG (2.
larger than 14 AWG. There

Exception: Two full threads
threads do not strip upon af]

26.8.4 A terminal plate fo

pped for a wire-binding screw shall be of metal not less than 0.030-inch (0.76
1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) thick for a wire
shall be at least two full threads in the plate.

are not required when fewer threads result in a secure,connection in which the
plication of a 20 pound-inch (2.3 N-m) tightening torque:

rmed from stock having the required thickness\specified in 26.8.3 is able tq

have the metal extruded at the tapped hole for the binding screw to providetwo full threads.

26.8.5 A wire-binding scre

w shall thread into metal.

26.9 Evaluation of field wiring leads

26.9.1 Alead thatis inten
AWG (0.8 mm?) and the in
mm) thick.

26.9.2 The free length of 3

Exception: The free length
intended for installation in a

Hed to be spliced in the field\to a circuit conductor shall not be smaller than 18
sulation, when rubber or_thermoplastic, shall not be less than 1/32 inch (0.§

field wiring lead shall be not less than 6 inches (152 mm) long.

of a field<wiring lead shall not be less than 4 inches (100 mm) long wher
n outlet box.

26.9.3 A field wiring lead s

hallcomply with the Strain Relief Test in Section 61.

26.10 Evaluation of spring type terminations

26.10.1
Connections in UL 1059.

Spring type terminations shall comply with the requirements in Part Ill — Spring Force

26.11 Cord-connected equipment

26.11.1

Equipment that complies with 26.11.2 and is to be cord-connected to the power supply shall be

provided with hard-service or junior hard-service flexible cord, such as Type S, SJ, or the equivalent, that

is rated for the temperature

and voltage involved.

Exception: Such equipment is not required to be provided with a hard service or junior hard service type
cord if the cord is 14 AWG or smaller and complies with requirements for proximity switches in Power-
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Supply Cord Tests, Section 157, Cable Gland Connector Tests, Section 158, Strain Relief Test, Section
159 and:

a) The application or design of the equipment is such that it does not allow the use of a hard
service or junior hard service cord, and the previously evaluated cord will not be subjected to
abuses seen in general use cord application; or

b) The cord is used in circuits which comply with Class 2 or Limited Voltage/Current Isolated
Secondary Circuits, Section 33.

26.11.2 Equipmentis able to be cord-connected when the equipment is:

a) Portable;

b) Free standing or sfationary (not permanently connected to building wiring);
c) A pendant;
d) Proximity Switcheg as described in Part XVIlI;

e) Restricted for usd in industrial machinery applications as defined in NFPA*79, and marked in
accordance with 73.37;

f) Open type; or

g) As described in 261 11.11.

26.11.3 The cord ampacity| as specified in Table 26.1, shall not be less than the ampacity required for the
equipment in 26.5.1.

Table 26:1
Ampacity of Flexible Cord

Number of conductors
Conductor size
AWG 2 3

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

26.11.4 When provided, a standard attachment plug or multi-pin connector shall be rated for the voltage
involved and have an ampere rating not less than the required cord ampacity as in 26.11.3.
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26.11.5 Cord-connected equipment provided with a standard attachment plug whose ampere rating
exceeds the ampacity of the power supply cord shall be provided with an integral overcurrent protective
device rated not more than the ampacity of the conductors. Cord-connected equipment provided with a
multi-pin connector or without any attachment plug or connector shall be:

a) Provided with integral overcurrent protection rated not more than the ampacity of the
conductors; or

b) Marked as in 73.34 to indicate the ratings of the overcurrent protection required to be installed in
the field.

26.11.6 Strain relief shall be provided on power supply or signal multicable cords.

26.11.7 At the point at wh
prevent cord abrasion.

ch the cord passes through the enclosure wall, protection shall be provideditq

26.11.8 If a knot serves ag strain relief in an attached flexible cord, any surface that the knot may contac
shall be free from projectipns, sharp edges, burrs, fins and the like, that may cause .abrasion of thg
insulation on the conductors.

26.11.9 Means shall be provided to prevent the supply cord from being pushed into the enclosurg

through the cord-entry hole

when such displacement results in:

a) Subjecting the su
b) Exposing the sup

¢) Reducing spacing
or

d) Damaging interna

To determine compliance, the supply cord shall be tested in accordance with Section 62, Push-Back Relie

Test.

26.11.10 A power-supply ¢r signaling connecting cord, used on equipment having a:

a) Type 3, 3R, 3RX,

b) Type 6 or 6P encl

I

ply cord or lead to mechanical damage;
ly cord or lead to a temperature higher than.that for which it is rated;

s (such as to a metal strain-relief clamp) below the minimum required values

connections or components.

BS, 3SX,8X%;4, 4X, 6, or 6P enclosure shall be acceptable for outdoor use;

psure-shall be water resistant; and

c) Type 12, 12K, or

26.11.11 For a device that

is intended to provide a signaling function, an attachment plug is not required.

26.11.12 Multi-pin cord fittings and cord sets of equipment restricted to use in industrial machinery
applications as defined in NFPA 79, and intended for use in power and motor branch circuits shall comply
with the requirements in UL 2237.

26.11.13 Multi-pin cord fittings and cord sets of equipment restricted to use in industrial machinery
applications as defined in NFPA 79, and intended for use in control circuits shall comply with the
requirements in UL 2238.
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27 Cord-Connected Programming and Diagnostic Units

27.1 Auxiliary units such as portable programmers intended to be used only on a temporary basis, to
diagnose or program industrial controls shall comply with UL 60950-1. These units may be considered as
a subsystem of the industrial electronic control equipment.

28 Coil Windings

28.1 A coil winding shall resist the absorption of moisture. This may be accomplished by impregnating,
dipping in or brushing with varnish, or by other acceptable means.

Exception: A coil made with_film-coated wire need not have additional freatment fo resist moisture
absorption.

29 Risk of Electric Shock

29.1 A risk of electric shogk is considered to exist within a circuit unless that circuit meets’one of the
following criteria:

a) The circuit is supplied by an isolating source such that the maximum epen circuit voltage
potential available to[the circuit is not more than 30 Vac or 42.4 V peak; or

b) The circuit is supplied by an isolating source such that the current available through a 1500 ohm
resistor connected agross any potential in the circuit (including to gfound) does not exceed 5 mA.

29.2 The secondary circuitp that do not involve a risk of electric shock-are:
a) A Class 2 circuit;
b) A Limited Voltage/fCurrent circuit;
c) A Limited Voltage ¢ircuit;

d) A Limited Energy ¢ircuit that involves«open circuit potential less than or equal to 30 V ac or 42.4
V peak;

e) A Limiting Impedance circuit that'complies with 29.1; and

f) A Limited Power Source.

30 Risk of Fire

30.1 A risk of fire is considered to exist within a circuit unless that circuit meets one of the following
criteria:

a) The circuit is supplied by an isolating source such that the maximum open circuit voltage
potential available to the circuit is not more than 30 V ac or 42.4 V peak and the current available is
limited to a value not exceeding 8 amperes measured after 1 minute of operation; or

b) The circuit is supplied by an isolating source such that the power available to the circuit is limited
to a value less than 15 watts.

30.2 The secondary circuits that do not involve a risk of fire are:

a) A Class 2 circuit;
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b) A Limited Voltage/Current circuit;

¢) A Limiting Impeda

nce circuit; and

d) A Limited Power Source.

31

31.1 This section applies

Lithium Cells and Batteries

to rechargeable lithium (typically lithium ion) and non-rechargeable lithium

(typically lithium metal) batteries supplying power to any primary or secondary circuit. A circuit supplied by
a lithium cell or battery shall comply with the primary circuit requirements in this Standard or with the
requirements for Secondary Circuits, Section 32.

31.2 Equipment provided
in accordance with 75.14.

31.3 Anindividual, non-re

Note — An individual lithium single
"AAA", "C", "D" format lithium battg

31.4 A battery pack or b3
circuitry for the battery, shal

31.5 A battery pack/syste
product shall comply with U

31.6 A battery pack/syste
enclosure.

32 Non-Lithium Battery (
321

General

32.1.1 A non-lithium batte
or non-rechargeable, non-lit

32.1.2 A non-lithium batte

vith replaceable lithium single cell batteries and battery packs shall be markea

Chargeable lithium single cell battery shall comply with UL 1642 or UL 60086-4

cell battery includes coin type batteries and other commercially available batteries such as "AA"
ries.

ttery system, that is a single cell or multiple cells‘with control or protectior
comply with UL 2054, for batteries at or below 60 V\dc and 1 kWh.

M above 60 Vdc or 1 kW-h or one that is not wholly enclosed within the eng
| 1973.

M with its own enclosure is not required to be placed inside the end-produc

Circuits

y circuit is a primary or secondary circuit that obtains power from rechargeablg
hium batteries:

[y ciredit'shall comply with the following:

a) The primary non

-rechargeable (see 32.2) or secondary rechargeable/non-rechargeable (see

32.3) requirements; and

b) The primary circuit requirements in this Standard or with the requirements for Isolated
Secondary Circuits, Section 33.

32.2 Primary non-rechargeable

32.2.1

A primary non-rechargeable non-lithium battery circuit shall involve a battery that has an output in

compliance with the requirements for a Class 2 (see 33.2) or Limited Voltage/Current secondary circuit

(see 33.3).
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32.3 Secondary rechargeable/non-rechargeable

32.3.1 A secondary rechargeable/non-rechargeable non-lithium battery circuit shall involve a battery that
has an output in compliance with the requirements for a Class 2 (see 33.2) or Limited Voltage/Current
(33.3) secondary circuit.

32.3.2 Charging circuitry for these battery circuits shall be derived from an isolating source that complies
with the Class 2 (see 33.2), the Limited Voltage/Current (see 33.3), the Limited Voltage (see 33.4), the
Isolated Power Supply (see 33.5), or the Limited Energy (see 33.6) circuit requirements in Section 33.

33 Isolated Secondary Circuits

33.1 General

33.1.1 An isolated secondary circuit is a control circuit that is isolated at all points from the primary
branch circuit. This isolation] shall be provided by means such as a transformer, optical isolater,’ limiting
impedance, or electro-mechanical relay.

33.1.2 In addition to the r¢quirements for Separation of Circuits, Section 35, a secendary circuit shall
comply with the requirementts for a primary circuit or with the isolated secondary, ciretit requirements in
33.1 and the applicable requirements for one of the following types of secondary cirguits:

a) A Class 2 circuit (see 33.2);

b) A Limited Voltage/Current circuit (see 33.3);
c) A Limited Voltage ¢ircuit (see 33.4);

d) An Isolated Power[Supply circuit (see 33.5);
e) A Limited Energy gircuit (see 33.6);

f) A Limiting Impedarjce circuit (see 33.7); or

g) A Limited Power Spurce (see 33.8).

33.1.3 The construction gnd performance requirements for various secondary circuits described in
33.1.2 shall be as in Table 33.1.
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Table 33.1
Differences Between the Level of Evaluation Required Within Each Type of Secondary Circuit

Type of secondary circuit:

Section Class 2 and | Limited voltage | Limited voltage Limited energy Limiting impedance Isolated
limited power | current power
source supply
29 Risk of electric - — — - X - — X X
shock
30 Risk of fire - - X X X - - - X
Electrical Characteristics of Isolated Secondary Source (ISC):
33 Maximum x° 30 30 30 100 - 30 - 150
voltage,ac
Maximum voltage, xP 42.4 42.4 42.4 - - 42.4 - -
peak
Max. secondary xP 8 - - - 0.0052 - - -
current, A
Max. secondary x° 100 - 200 200 15W 15W 15W 10,000
power, VA
Component Requirements with{n Isolated Secondary Circuit (ISC):
31 Lithium batteries X X X X X X X X X
16 Printed wiring - - x° X x° - - - x°
boards
22 Internal wiring - - X X X - - - X
25 Blower motors — - - - X - - — X
26 Field wiring X X X X X X X X X
terminals
All other ISC x4 x3 x4 x4 x¢ x4 x4 xd x4
components

Spacing Requirements for Isolated Secondary Circuit (ISC):

37 Within ISC - - - - - - - - —
Between ISC and - - - - X - - X x®
ground
Between ISC and - - - - X _ _ X X°

enclosure or
accessible parts

Table 33.1 Continued on Next Page
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Table 33.1 Continued
Type of secondary circuit:
Section Class 2 and | Limited voltage | Limited voltage Limited energy Limiting impedance Isolated
limited power | current power
source supply
Between ISC and x9 x9 x9 x9 x9 x9 x9 x9 x9
other isolated
circuits
Enclosure Requirements for Isolated Secondary Circuit (ISC):
7 ISC must be - - X X X - - X X
enclosed
Performance Requirements'
Isolating Source (Such as: Trangformer, Power Supply, Limiting Impedance, Battery):
45 Temperature x¢ X X X X X X X X
51 Dielectric X X X X X X X X X
65 Secondary circuit xP X X X X X X X X
60 Breakdown of xP X X X X X X X X
components
58 Transient voltage — - - - - - - - X
surge suppression
Isolation Components (Such as:|Optical Isolator, relay, power switching semiconductor)
45 Temperature x4 X X X X X X X X
51 Dielectric X X X X X X X X X

NOTE: An "x" indicates the requirement applies or the condition exists. A "-" indicate§ the requirement does not apply, or the conditig

n does not exist.

2 See 29.1(b).

® For Class 2 sources see UL 1310

° Printed wiring boards shall compl

9 No evaluation of secondary com
boards and wiring shall be evaluat

¢ Spacings comply with 33.5.1(c).
f Tests specified in this table evalua

9 See 33.1.4.

bd during the temperature test.

or UL 5085-1 and UL 5085-3 for maximum electrical characteristics and performance requiremen|
maximum electrical characteristics| construction and performance requirements.

y with 16.3 and shall be rated V-2; V-1*or V-0.

onents required except the effect/of heat generating components in the isolated secondary circuit

te isolating compohents for use with secondary circuits and does not indicate all tests applicable t

s. For Limited Power Sources see UL 60950-1 for

pn adjacent components such as printed wiring

b the isolating components.
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33.1.4 Spacings and isolation between two or more isolated secondary circuits of the same or different
types as identified in 33.1.2 are not required when:

a) Testing and/or analysis shows that, due to the breakdown of a single spacing or single
component fault, the resulting circuit complies with the requirements applicable to a single isolated
secondary circuit; and

b) The equipment complies with the applicable requirements of this Standard when incorporating
the isolated secondary circuit that results from the failure of a single spacing or single component
fault.

33.2 Class 2 circuit requirements

33.2.1 A Class 2 circuit sI|1aII be supplied by an isolating source that complies with the requirementsiir]
UL 1310, or the requirements in UL 5085-1 and UL 5085-3.

Exception: A circuit intendgd to be supplied from an isolating source that complies with 33:2. i the field
shall be marked as in 73.31

33.3 Limited voltage/curfent circuit requirements

33.3.1 A limited voltage/clrrent circuit shall be supplied by an isolating source.such that the maximuni
open circuit voltage potent|al available to the circuit is not more than 30 .\ ac or 42.4 V peak and thq
current available is limited t¢ a value not exceeding 8 amperes measured after 1 minute of operation.

33.3.2 The secondary winfding of an isolating type transformer or power supply tested in accordance with
65.2 is able to be used tq comply with this requirement. For a-device (circuit) that is intended to be
supplied by an isolating soyrce that complies with this requirement and that is intended to be supplied as
an accessory in the field, th¢ device shall be marked as in 76:1 — 76.3.

33.3.3 A secondary fuse ¢r other such secondary circuit protective device used with an isolating sourcd
to limit the available current|in accordance with 33.3'4, shall be rated at not more than the values specifieg
in Table 33.2. When a secpndary fuse that complies with UL 248 series of standards is used, the tes
specified in 65.2 is not required. Other types of protective devices and protective devices with a rating
higher than in Table 33.2 shpll be evaluated as’in 65.2.

Exception No. 1: When the protective- device, that complies with Table 33.2, and isolating source arg
intended to be supplied in the field\the device is marked as in 73.32.

Exception No. 2: When the protective device and isolating source, that have been found to comply with
65.2, are intended to be supplied in the field, the device is marked as in 76.1— 76.3.

Table 33.2
Rating for Fuse or Circuit Protective Device
Open circuit volts, ac rms (dc peak) Amperes
0-20 (0-28.3) 5.0
Over 20 — 30 (28.3 -42.4) 100/\?

2V is defined as the maximum open circuit voltage.
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33.3.4 The secondary circuit protective device referenced in 33.3.3 is able to be provided in the primary
circuit. When provided in the primary circuit, there are no restrictions on the current rating of the protective
device as long as it limits the available secondary current in accordance with Table 33.2.

33.3.5 When a protective device is used as specified in 33.3.3 or 33.3.4, this protective device shall
comply with the requirements of this Standard and shall be provided with an adjacent replacement
marking or replacement instructions that includes the required voltage and current rating. The printed
wiring board, wiring, and spacings prior to the point at which the voltage and current are limited shall
comply with the primary circuit requirements of this Standard.

33.3.6 A fixed impedance (such as a component or grouping of components in the same circuit) or a
regulating network (such as used in a switching type power supply) is able to limit the voltage and/or the

available current in accordamce with 33.3.1. Such a fixed impedance or regulating network shall be able o
function under single compohent fault conditions.

33.4 Limited voltage circtiit requirements

33.4.1 A Limited Voltage circuit shall be supplied by an isolating source that complies with\the following:

a) The maximum open circuit voltage potential available to the circuit shall notbe more than 30 V
ac or 42.4 V peak without any limitation on the available current or volt-ampeére capacity;

b) All external secorjdary-circuit interconnecting cables and all secondary-circuit wiring between
units shall be protected against burnout and damage to the insulation*resulting from any overload
or short-circuit condifion that is able to occur during use of the equipment. Overcurrent protection
shall be provided in [the secondary circuit and comply with Table 19.1 or the isolated secondary
circuit shall comply with the secondary circuit test, Section 6515. Overcurrent protection provided in
the primary circuit of the isolating source is able to serwg’as protection for the secondary circuit
when it complies with 19.3.3 or the secondary circuits test, Section 65.5; and

c) These circuits are [ntended for use in a pollution'degree 2 environment.

Exception No. 1: When the protective device, that complies with Table 19.1, and isolating source are
intended to be supplied in thg field, the device issmarked as in 73.32.

Exception No. 2: When the| protective device and isolating source, that have been found to comply with
65.5, are intended to be supplied in thefield, the device is marked as in 76.1— 76.3.

33.5 Isolated power supply circuit requirements

33.5.1 Anisolated power supply circuit shall comply with the following:

a) The secondary circuit is supplied from the secondary of an isolating source that complies with
65.4.

b) The construction or circuitry shall suppress internally and externally generated surges in the
secondary circuit to at least 300 volts peak. See Transient Voltage Surge Suppression Test,

Section 58.

¢) Spacings shall not be less than 1/8 inch (3.2 mm) through air and over surface, between live
parts of the secondary circuit and operator-accessible metal, or grounded dead metal including the
enclosure.

Exception No. 1: These spacings shall not be less than 1/16 inch in secondary circuits rated 50
volts or less.
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Exception No. 2: When spacings are less than specified above, the construction shall withstand,
without breakdown or arc-over the application of an ac potential of twice the rated voltage plus
1000 V (or a dc potential of 1.4 times the sum of twice the rated voltage plus 1000 V) for 60
seconds between the secondary and accessible or grounded noncurrent carrying metal parts.
During the test any component normally connected to ground is to be disconnected.

33.6 Limited energy circuit requirements

33.6.1 A limited energy circuit shall be supplied by an isolating source such that the maximum volt-
ampere capacity available to the circuit is 200 volt-amperes or less at a maximum open circuit voltage
potential of 100 V ac. The isolating source shall comply with the test described in 65.3. For a device
(circuit) that is intended to be supplied by an isolating source that complies with this requirement and that
is intended to be supplied a$ an accessory in the field, the device shall be marked as in 76.1 — 76.3.

33.6.2 A primary or secondary circuit fuse or other such circuit protective device is able to besed tdg
limit the maximum availablg volt-ampere capacity in accordance with 33.6.1. There are no restrictions or]
the current rating of this protective device as long as it limits the available secondary volt-atapere limit in
accordance with 33.6.1. THe protective device shall comply with the requirements of this Standard ang
shall be marked as in 73.23

33.7 Limiting impedancd circuit requirements

33.7.1  Alimiting impedange circuit relied upon to reduce the risk of fire asidefined in Section 30 shall bg
supplied by an impedance that complies with the following:

a) The calculated pgwer dissipation of the impedance, as the result of a direct short applied across
the circuit limited by|the impedance, does not exceed the;power rating of the impedance and the
power dissipation is |ess than 15 watts; or

b) The impedance shall:

1) Be rated quch that the calculated power dissipation of the impedance, as the result of &
direct short applied across the circuit limited by the impedance, exceeds the power rating o
the impedange and is still less than15 watts; and

2) Not open gr short when, stibjected to the effects of a direct short applied across the circui
limited by theglimpedancetas'described in 65.6.1.

c¢) The circuit shall be evaluated as in 65.6.2 to determine the points where less than 15 watts are
available and then stibjected to the test described in 65.6.1.

33.7.2 The 15-watt power limitation of the impedance shall not be exceeded under single component
fault conditions. A limiting impedance relied upon to reduce the risk of electric shock as in 29.1(b) shall
comply with 29.1(b) under single component fault conditions.

Exception No. 1: When the circuit limited by the 15-watt impedance is enclosed, the effect of single
component fault conditions is not evaluated.

Exception No. 2: A single resistor serving as a limiting impedance is considered to comply with this
requirement without further investigation.

Exception No. 3: A single capacitor serving as a limiting impedance is considered to comply with this
requirement without further investigation when the capacitor complies with requirements in UL 1414.
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33.7.3 A limiting impedance, relied upon to reduce the risk of electric shock as defined in Section 29,

shall comply with 33.7.2 and

33.7.5 and one of the following:

a) The limiting impedance is connected to the high potential side of or as a voltage divider across a

grounded single pha

se supply voltage rated not more than 150V and serves to limit the voltage

within the isolated secondary circuit to be less than 30V rms or 42.4V peak within the isolated
secondary circuit and also with respect to ground as determined by circuit analysis;

b) The limiting impedance is connected to each of two ungrounded supply voltage lines from a
120/240V supply or two or three ungrounded supply voltage lines from a three phase supply and
serves to limit the voltage within the isolated secondary circuit to be less than 30V rms or 42.4V
peak within the isolated secondary circuit and also with respect to ground as determined by circuit

analysis for any prim

ry voltage system supplying the equipment; or

¢) The limiting imped

33.7.4 Alimiting impedanc
a) Be insulated from

b) Not have externa
enclosure; or

c) Be marked with a ¢
present on the low vd

d) Comply with the t
outputs from the limit

33.7.5 Acircuit element re
29 shall not experience an e

a) Greater than 0.5 d

b) Greater than 1.0
dissipated wattage.

The electrical stress factor

bnce complies with the test in 65.6.1.2.

e circuit that complies with 33.7.1 and does not comply with 33.7.3 shall:
br have spacings to grounded metal or accessible parts; and

| connections from the limiting impedance circuit that leave the equipment

autionary marking indicating the maximum voltage'to ground that is able to be
ltage output from the equipment; or

bst in 65.6.1.2 when performed between each of the field wiring terminals of
ng impedance circuit to ground.

ied upon to limit the voltage, current; or both to the values specified in Section
ectrical stress factor:

Lring all conditions of nopmal operation; or

after single compohent failure with respect to rated voltage, current and

is defined.as’ ratio of applied electrical characteristic to rated electrical

characteristic (applied current to rated:@ampacity).

33.8 Limited power sourd

e circuit requirements

33.8.1 A Limited Power Source shall be supplied by an isolating source that complies with the
requirements in UL 60950-1.

Exception: A circuit intended to be supplied from a Limited Power Source that complies with 33.8 in the
field shall be marked as in 73.38.

34 Limited Voltage Primary Circuit

34.1 Equipment supplied from a Limited Voltage source rated less than 30 Vrms or 42.4 V peak for
control of motors or other loads shall comply with the requirements for a primary circuit, Sections 13 — 28
and 35 — 77, and applicable requirements from Parts 1l — XVIII.
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35 Separation of Circuits

35.1
from:

A factory-installed conductor shall be separated by a barrier or segregated as specified in 35.2

a) A factory-installed conductor used in a different circuit unless the conductors of both circuits are
insulated for the maximum voltage of either circuit; and

b) An uninsulated live part connected to a different circuit.

35.2 Segregation of a conductor shall be accomplished by clamping, routing, or equivalent means that
provides permanent separation from a conductor or an uninsulated live part of a different circuit.

35.3 A conductor shall be

the conductor might cause the conductor to move such that compliance with 35.1 is not maintained-

35.4 The equipment shall
as specified in 35.6 or sepa

a) A field-installed cq
1) Both circui
2) The condu
b) An uninsulated liv

c) A factory-installe

circuits will be insulafed for the maximum voltage of eithercircuit.

Exception: The field-installg
specific installation instructi

equipment to achieve requined separation.

35.5 With respect to 35.4]
is required while in some

openings for the passage o
be a permanent part of the ¢

35.6 Field-installed condu

provided with strain relief in accordance with 26.11.6 — 26.11.9 if stresses or

be constructed so that a field-installed conductor of any circuit is\segregateg
ated by a barrier (see 35.5) from:

nductor connected to any other circuit unless:

[s are Class 2 or Class 3 or both circuits are other than\Class 2 or Class 3; and
ctors of both circuits will be insulated for the maximum voltage of either circuit.
b part of any other circuit.

H conductor connected to any other-Eircuit, unless the conductors of both

d conductors are not requiredto be segregated or separated by a barrier wher
bns are included that explain-the proper procedure to be followed to install the

if the intended uses of the device are such that in some applications a barrie
bther applicatians ho barrier is required, a removable barrier or one having
conductors.may be employed. Instructions for the use of such a barrier are tq
evice.

ctors may be segregated from each other and from uninsulated live parts o

factory-installed conductors

of the industrial control equipment connected to different circuits by arranging

the location of openings in an enclosure for the various field-installed conductors with respect to the
terminals or other uninsulated live parts and factory- or field-installed conductors so that a minimum
permanent 1/4 inch (6.4 mm) separation is provided.

36 Isolation Devices
36.1 An optical isolator that is relied upon to provide isolation between primary and secondary circuits or
between other circuits as required by this Standard shall comply with UL 1577, and shall be able to

withstand for 1 minute, without breakdown, an ac dielectric voltage withstand potential equal to 1000 V
plus twice rated voltage between the input and output circuits.

Exception No. 1: An optical isolator need not be subjected to the requirements in UL 1577 if the internal
insulation is of such a material and at such a thickness that it complies with 38.1.
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Exception No. 2: An optical isolator that is constructed in accordance with the requirements in UL 1577,
but at a dielectric potential less than 1000 V plus twice rated voltage ac is considered to comply with 36.1 if
the internal insulation is at such thickness that it also complies with 38.1(c)(1).

36.2 A power switching semiconductor device that is relied upon to provide isolation to ground shall
comply with UL 1557. The dielectric voltage withstand tests required by UL 1557 shall be conducted at a
dielectric potential of 1000 V plus twice rated voltage for 1 minute.

Exception No. 1: A power switching semiconductor need not be subjected to the requirements of UL 1557
if the internal insulation is of such material and at such a thickness that it complies with 38.1.

Exception No. 2: A power switching semiconductor that is constructed in accordance with UL 1557 but at
a dielectric potential less than 1000 V plus twice rated voltage ac is considered to comply with 36.2 if the
internal insulation is at such fhickness that it also complies with 38.1(c)(1).

37 Spacings

37.1 Other than as noted in 37.3, 37.6, 37.13, 37.14, and 37.15 and Clearance and Creepage Distances,
Section 40, the electrical spacings in industrial control equipment rated 600V or less shall be at least those
specified in Table 37.1. Equipment rated 600V or less and intended for installation in-a feeder circuit, on
the line side of branch circuif protective devices, shall comply with the spacing requirements in Table 37.2
or as in Section 133, Generdl.

Exception: For open type ezuipment or components rated 600V or less_and intended for installation in a
feeder circuit (e.g. a feeder hus bar system of accessory components providing a common line connection
for multiple branch circuits), |the internal spacings (no bare live parts\are accessible) shall comply with the
spacings specified in Table 37.1.
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Table 37.1
Minimum Acceptable Spacings

Minimum spacing, inch (mm)

Potential involved in volts
rms ac or dc

A

B

C

D

General industrial control equipment

Devices having limited
ratings?

Other devices®

All circuits®

51-150

151 -300

301 -600

51-300

301 -600

51-150 151 -300

0-50

Between any uninsulated live
part and an uninsulated live
part of opposite polarity,
uninsulated grounded part

Through air or

oil

Over surface

1/8° (3.2)

1/4 (6.4)

1/4 (6.4)

3/8 (9.5)

3/8 (9.5)

1/2 (12.7)

1/16° (1.6)

1/8°(3.2)

3/16° (4.8)

3/8 (9.5)

1/8°(3.2) 1/4 (6.4)

1/4 (6.4) 1/4 (6.4)

other than the enclosure, or
exposed metal part®"

1/16° (1.6)

1/16 (1.6)

Between any uninsulated live
part and the walls of a metal
enclosure including fittings
for conduit or armored
cable?f

Shortest
distance

1/2 (12.7)

1/2 (12.7)

1/2 (12.7)

1/4 (6.4)

1123257

1/4 (6.4) 1/4 (6.4)

1/4 (6.4)

NOTES -
1. A slot, groove, or the like, 0.013

2. An air space of 0.013 inch or le

inch (0.33 mm) wide or less in the contour of insulating material is to be'disregarded.

s between a live part and an insulating surface is to be disregarded for the purpose of measuring

bver surface spacings.

aSee 37.8.
b See 37.9.

¢ The spacing between field wiring
circuiting or grounding of such ter|
terminals may be 1/8 inch through

4 For the purpose of this requirem
likely to reduce the spacings betw|

¢ Spacings apply as indicated, exd
potential circuit.

f Applicable to devices with sheet

9 These spacings are also applica

reduce spacings and result in a sh

ock hazard.

terminals of opposite polarity and the spacing between.afield wiring terminal and a grounded deg
ninals may result from projecting strands of wire. For_gircuits involving no potential greater than 50
air and 1/4 inch over surface.

bnt, a metal piece or component attached or meunted to the enclosure is considered to be a part o
ben uninsulated live parts or between uninsufated live parts and metal parts.

ept as specified in 37.6 and the spacings:between the low-potential circuit are in accordance with

metal enclosures regardless of'wall'thickness and cast metal enclosures with a wall thickness of g
ble between any uninsulated'live parts and the walls of a cast metal enclosure with a wall thicknes

P These spacings are also applicaple between an insulated\ive part and the wall of a metal enclosure to which the component is mo

5s than 1/8 inch (3.2 mm).

5 of minimum 1/8 inch (3.2 mm).

d metal part shall be at least 1/4 inch if short-
volts rms ac or dc, spacings at field wiring

the enclosure if deformation of the enclosure is

he requirements that are applicable to the high-

nted. Deformation of the enclosure shall not
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Table 37.2
Equipment Intended for Installation in a feeder Circuit
Voltage Minimum spacings in inches (mm)
between Between uninsulated parts of opposite polarity on | Between uninsulated parts on line side and any
parts line side grounded dead metal
involved, rms - -
ac or dc Over surface Though air Over surface Through air
0-125 3/4 (19.1) 112 (12.7) 112 (12.7) 1/2 (12.7)
126 — 250 1-1/4 (31.8) 3/4 (19.1) 112 (12.7) 1/2 (12.7)
251 - 600 2 (50.8) 1 (25.4) 1 (25.4) 1 (25.4)

37.2 Other than as noted
industrial control equipment

Table 37.3.

Table 37.3
Minimum Acceptable Spacings

n Section 40, Clearance and Creepage Distances, the electrical spacingsiin
rated 601 — 1500V shall not be less than the applicable value specifiedAn

Minimum spacings; inches (mm)
601 —-1000 Vrms ac or dc 1001 - 1500 Vrms ac or
Potential involved, in volts Location dc
Between any uninsulated live partland an Through air 0.55 (14.0) 0.70 (17.8)
uninsulated live part of opposite polarity, .
an uninsulated grounded part othgr than Through oil 045 (R¥ 0.60 (15.2)
the enclosure, or an exposed metal part Over surface air 0.85\(21.6) 1.20 (30.5)
Over surface oil 062 (15.7) 0.70 (17.8)
Between any uninsulated live partland Through air or oil 0.80 (20.3) 1.20 (30.5)
the walls of a metal enclosure, including
fittings for conduit or armored cable Over surface 1.00 (254) 1.65(41.9)

37.3 The spacing in indust
a transient suppressive devi
a field-wiring terminal shall b

Minimum Acceptable S

Table 37.4

fial control equipment in-which transient voltages are known and controlled by
Ce shall not be less than those specified in Table 37.4 except that spacings at
e in accordance with Table 37.1.

pacings for Products With Known and Controlled Transient Voltages

i ing—tnoh-rm)

Between any uninsulated live part and
an uninsulated live part of opposite
polarity, uninsulated grounded part

other than the enclosure, or exposed

Between any uninsulated live part and
the walls of a metal enclosure
including fittings for conduit or

b

Short-circuit Peak working metal part armored cable
power? voltage Through air or oil Over surface Through air Over surface
More than 10 kVA, 0-50 0.030 (0.76) 0.030 (0.76) 0.500° (12.70) 0.250 (6.35)

for use where
transient voltages 51-225 0.075 (1.91) 0.100 (2.54) 0.500 (12.70) 0.500 (12.70)
are known and 226 — 450 0.150 (3.81) 0.200 (5.08) 0.500 (12.70) 0.500 (12.70)
controlled

451 -900 0.300 (7.62) 0.400 (10.16) 0.500 (12.70) 0.500 (12.70

Table 37.4 Continued on Next Page
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Table 37.4 Continued

Minimum spacing, Inch (mm)

Between any uninsulated live part and
an uninsulated live part of opposite
polarity, uninsulated grounded part

other than the enclosure, or exposed
metal part

Between any uninsulated live part and

the walls of a metal enclosure
including fittings for conduit or
armored cable®

Short-circuit Peak working
power? voltage Through air or oil Over surface Through air Over surface
More than 500 VA 0-50 0.030 (0.76) 0.030 (0.76) 0.500° (12.70) 0.250 (6.35)
but ”‘:tor‘;‘\’/r: than 51225 0.060 (1.52) 0.060 (1.52) 0.500 (12.70) 0.500 (12.70)
226 — 450 0.100 (2.54) 0.100 (2.54) 0.500 (12.70) 0.500 (12.70)
451 - P00 0.200 (5.08) 0.200 (5.08) 0.500 (12.70) 0.500 (12.70)
500 VA or less 0-36 0.012 (0.30) 0.012 (0.30) 0.500° (12.70) 0.250 (6.85)
37-Y2 0.016 (0.40) 0.016 (0.40) 0.500° (12.70) 0.250.(6.35)
73-100 0.030 (0.76) 0.030 (0.76) 0.500° (12.70) 0-250 (6.35)
101 - p25 0.045 (1.14) 0.045 (1.14) 0.500 (12.70) 0.500 (12.70)
226 — #150 0.060 (1.52) 0.060 (1.52) 0.500 (12.70) 0.500 (12.70)
45100 0.100 (2.54) 0.100 (2.54) 0.500 (12¢70) 0.500 (12.70)

& Maximum short-circuit power is
terminals when protective device

maintained.

be 0.250 inch.

he product of the open-circuit voltage and the short circuit current'ayailable at the supply
are bypassed.

b A metal piece attached to the erjclosure is considered to be part of the enclosure if deformation of the enclosure is likely to
reduce spacings between the mejal piece and uninsulated live parts. Spacings specified for parts other than enclosure walls are
acceptable to metal walls of a sujassembly mounted inside another enclosure if spacings-in the subassembly are rigidly

¢ Where deflection of an enclosurg wall cannot reduce the through-air spacing to.the enclosure wall, the spacing through air may

37.4 The transient suppressive device specified in 37-3 shall prevent peak transient voltages from
exceeding 300 percent of the instantaneous peak working voltage or 300 volts, whichever is greater. Seg

Transient-Voltage-Surge Suppression Test, Section 58.

37.5 With reference to thg requirements in 37).3, industrial control equipment shall have provision for thg
maintenance of clean, dry|electrical surfacés, such as a coating on a printed wiring board, or othe

equivalent means.

37.6 The primary circuit spacings.in industrial control equipment intended for use in a pollution degree 3

environment shall be at leagt those specified in Table 37.5 and Table 37.6.

Table 37.5

Spacings Other Than at Field-Wiring Terminals for Pollution Degree 2 Environments

Potential involved in volts® Minimum spacings?, inch (mm)
rms Peak or dc Over surface Through air
0-50 0-70.7 3/64 (1.2) 3/64 (1.2)
51-125 72.1-176.8 1/16 (1.6) 116 (1.6)
126 — 250 178.2-353.6 3/32 (2.4) 3/32 (2.4)
251-600 355.0 - 848.5 12 (12.7)° 3/8 (9.5)°

Table 37.5 Continued on Next Page
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Table 37.5 Continued

Potential involved in volts®

Minimum spacings?, inch (mm)

rms

Peak or dc

Over surface Through air

similar voltage peak reduction netw
mm) per volt peak shall be maintain
or dead conductive parts not of the

surface and through air is acceptab
a coil.

2 On printed-wiring boards, their connectors, and board-mounted electrical components, wired on the load side of the line filters or

b Film-coated wire is considered to be an uninsulated live part. However, a spacing of not less than 3/32 inch (2.4 mm) over

orks and components, a minimum spacing of 0.0230 inch (0.584 mm) plus 0.0002 inch (0.005
ed over surface and through air between uninsulated live parts and any other uninsulated live
same polarity. See 37.16.

le between a dead metal part and film-coated wire that is rigidly supported and held in place on

Table 37.6
Spacings at field-Wiring Terminals for Pollution Degree 2 Environments
Minimum spacings?, inch (mm)
_ Potential Between field-wiring terminals and other uninsulated parts not
involved, in Between field-wiring terminals always of the same polarity
volts, rms ac
ordc Through aif or over surface Over surface Through air
0-50 1/8 (3.2) 1/8 (3.2) 18 (3.2)
51-250 1/4 (6.4) 1/4 (6.4) 174 (6.4)
251 -600 12 (12.7) 12 (12.7) 3/8 (9.5)
@ These spacings apply to the sun] of the spacings involved wherever an isolated dead metakpatt is interposed.

37.7 The spacing at a fielg
service. The connected wi
required for the equipment r.
is to be the next larger size

-wiring terminal is to be measured withswire connected to the terminal as in

for a programmable controller is'46 be the size that would normally be
ting. The connected wire for all devices other than a programmable controller
than would normally be requjred for the equipment rating if the terminal will

accommodate it or if the equipment is not marked to restrict its use.

37.8 The spacings specified in column B of Table 37.1 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.

ed in(a)which controls more than one load provided the total load connected
to the line at one tim¢ does not exceed 2 horsepower (1492 W output), 1440 volt-amperes, or have
a current rating greaterithan 30 amperes at 51 — 150 volts, 20 amperes at 151 — 300 volts, or 10
amperes at 301 — 600 volts.

b) Of the type descrik

37.9 The spacings specified in column C of Table 37.1 apply only to equipment rated at 300 volts or less,
and 1 horsepower (746 W output) or less or 2000 volt-amperes or less per pole and to a device that has a
current rating per pole of 15 amperes or less at 51 — 150 volts, 10 amperes at 151 — 300 volts, or both.

37.10 A motor controller rated more than 1 horsepower (746 W output) at 151 — 300 volts that complies
with the spacings specified in column A of Table 37.1 for such rating may have an additional rating of 1
horsepower or less at 301 — 600 volts. See also 37.9 for multipole products.

37.11 A motor controller rated more than 1 horsepower (746 W output) at 51 — 150 volts that complies
with the spacings specified in column A of Table 37.1 for such rating may have an additional rating of 1
horsepower or less at 51 — 300 volts. See also 37.10 for multipole products.
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37.12 In an open-type controller, the spacings between live parts and metal parts that may be grounded,
such as the heads of mounting screws that pass through an insulating panel, shall be judged as if they
were grounded parts within an enclosure. The spacing between uninsulated live parts and the surface on
which the device may be mounted is to be judged as if the mounting surface were part of an enclosure.

37.13 For other than providing isolation between different circuits, in a safety circuit, or as defined in
33.1.2, spacings between traces of different potential on a printed wiring board are not required to comply
with the spacing requirements of this Standard when:

a) The printed wiring board has a flammability rating of V-0;

b) The printed wiring board base material has a minimum Comparative Tracking Index (CTI) of 100
volts; and

c) The equipment cgmplies with the Printed Wiring Board Abnormal Operation Test, Section 64.

37.14 For a pilot light, the ppacings shall be:

a) At least 3/64 inch (1.2 mm) between uninsulated live parts of opposite polarity at or within
lampholder — an inherent lampholder spacing — rated 250 volts or less and at least 1/8 inch (3.
mm) for a lampholdgr rated more than 250 volts;

A
[«
A
4

b) At least those spdgcified in Table 37.1 between uninsulated live parts-of.opposite polarity — othe
than at or within thg lampholder — based on the normal operating veltage existing between such
parts; and

c) At least those specified in Table 37.1 between uninsulated live parts and grounded parts
exposed dead metallparts, or the enclosure based on the line.voltage of the pilot-light circuit.

37.15 In a series circuit, the spacings between resistor terminals, transformer taps, and the like are to bg
based on the normal operat|ng voltage existing between such parts.

37.16 To assist in determjning the adequacy of opposite polarity spacings on printed wiring boards, 3
voltage map layout may b¢ used. This layout would identify potential differences on the printed wiring
board.

37.17 In a pushbutton, selector switch, limit switch, or the like, opposite polarity is not considered to exis
on any one pole, including doublesthrow arrangements; but opposite polarity is considered to exis
between poles and between live parts on adjacent units unless the parts in question are connected to the
same line terminal or conduptor. and the device is marked as indicated in 74.13 or 132.4.

37.18 The spacings at fuses and fuseholders are to be measured with the fuses having maximum
standard dimensions in place, and shall be at least the spacings specified in column A of Table 37.1.

37.19 Insulation provided in lieu of spacings between a magnetic coil cross over lead and the turns of the
winding to which it is connected, the adjacent winding, the core and other uninsulated live parts or
grounded dead metal parts, may differ from that required by 38.1. Crossover-lead insulation and insulation
under coil terminals secured to the coil winding need not comply with the requirements in 38.1, if for
thicknesses less than 0.013 inch (0.33 mm), or where only through air space is provided, there is no
indication of breakdown in the system as a result of the tests described in 51.2.1 — 51.2.5.

37.20 A ceramic, vitreous-enamel, or similar coating is not acceptable as insulation in place of spacings
unless, upon investigation, the coating is found to be acceptable for the purpose.
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37.21 If contact arms, blades, or the like, in a motor controller remain connected to the motor load
terminals when in the off position, the spacing from such parts to the enclosure or to exposed dead metal
parts that are isolated (insulated) shall be at least 1/8 inch (3.2 mm) more than the spacings required for
stationary uninsulated live parts.

37.22 Film-coated wire is considered to be an uninsulated live part in determining compliance with the
spacing requirements in this Standard.

37.23 For an enclosure without conduit openings or knockouts, spacings not less than the minimum
specified in this section shall be provided between uninsulated live parts and a conduit bushing installed at
any location likely to be used during installation. A permanent marking on the enclosure, a template, or a
full-scale drawing furnished with the equipment may be used to identify such locations.

37.24 For the spacing between an uninsulated live part and a bushing installed in a knockout, it isto|be
assumed that a bushing haying the dimensions specified in Table 37.7 is in place, in conjunction with a
single locknut installed on the outside of the enclosure.

Table 37.7
Dimensions of Bushings
Trade size of conduit Bushing dimensions, inches (mm)
inches Maximum overall diameter Height

1/2 0.97 (24.6) 318 (9.5)
3/4 1.14 (29.0) 27164 (10.7)

1 1.42 (36.1) 33/64 (13.1)
1-1/4 2.28 (57.9) 9/16 (14.3)
1-1/2 2.60 (66.0) 19/32 (15.1)
2 3.18 (80.7) 5/8 (15.9)
2-1/2 3.56 (90'5) 3/4 (19.1)
3 4.25 (108) 13/16 (20.6)
3-1/2 4.80 (122) 15/16 (23.8)
4 5.40 (137) 1 (25.4)

5 6.67 (170) 1-3/16 (30.2)

6 7.93 (202) 1-1/4 (31.8)

38 Insulating Barriers

38.1 When a barrier is used to comply with spacing requirements, the insulating material used shall
comply with at least one of the following criteria:

a) Be a generic direct support material provided in the thickness indicated in Table 16.2;

b) Be a generic barrier material provided in the thickness indicated in Table 38.1 when the
insulating barrier does not physically support or maintain the relative position of the uninsulated
parts involved; or

c) Comply with the direct support requirements in Table 16.1 at a thickness that meets at least one
of the following:

1) Not less than 0.028 inch (0.71 mm) thick;


https://ulnorm.com/api/?name=UL 508 2024.pdf

OCTOBER 28, 2024 UL 508

77

2) Not less than 0.013 inch (0.33 mm) thick plus one-half required clearance spacings when

the barrier is provided in lieu of required clearance distance only; or

3) Capable of withstanding the 5000 V ac Dielectric Strength Test in accordance with the

internal barrier requirements in UL 746C.

Exception: When the barrier is provided in lieu of clearance distance only, is not within 1/32 inch
(0.8 mm) of uninsulated live parts, and does not physically support or maintain the relative position
of uninsulated parts involved, the insulating material is only required to comply with the RTI and

HAl values in Table 16.1.

Table 38.1
[ Generic Materials Suitable as a Barrier
Minimum thickness
Generic material Inch (mm) RTI, °C
Aramid Paper 0.010 (0.25) 105
Cambric 0.028 (0.71) 105
Electrical Grade Paper 0.028 (0.71) 105
Epoxy 0.028 (0.71) 105
Mica 0.006 (0.15) 105
Mylar (PETP) 0.007 (0.18) 105
RTV 0.028 (0.71) 105
Silicone 0.028 (0.71) 105
Treated Cloth 0.028 (0:71) 105
Vulcanized Fiber 0.028 (0.71) 105

exceeded during the Temperaturg Test.

NOTE - Each material shall havelat least the minimum thickness specified and its Relative Thermal Index (RTI) value shall not be

39 Clamped Insulating Jpints in Lieu of Spacings

39.1 In the case of a clamped insulating joint, spacings are to be measured through cracks unless 3
clamped joint has passed the test described in 51.3.2. A clamped joint is a joint between two pieces o
insulation that are under pressure as_shown in Figure 39.1. Adhesives, cements, and the like, if used tqg

effect a seal in place of a tightly mated joint, shall comply with UL 746C.
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Parts A, B — Live parts of opposite

less than required in Table 37.1 or Tla

Figure 39.1
Clamped Joint

polarity, or a live part and grounded metal part with spacing through_the crack between C and D
ble 37.5.

Parts C, D — Insulating barriers clan
air spacing.

Part E — The clamped joint.

40 Clearance and Creepdge Distances

40.1 As an alternative ap
other than as noted in 40.2 g
with the requirements in UL

40.2 Clearances between
for conduit or armored cablé€
shall be determined by phys

40.3 The clearance and g
requirements in Spacings, S

hped tightly together so that the dielectric strength between A.and B is greater than the equivalent

broach to the spacing requirements specified in Spacings, Section 37, and
nd 40.3, clearances and creepagde distances may be evaluated in accordance
B40, as described in 40.4.

an uninsulated live_part and the walls of a metal enclosure, including fittings
. shall be as notedin Table 37.1 or Table 37.3 as appropriate. The clearances
cal measurement.

reepage-distance at field wiring terminals shall be in accordance with the
ection 3%+

he-field wiring terminals is such that it will preclude the possibility of reduced

Exception: If the design of t
spacing due to stray strands

or improper wiring installation, clearances and creepage distances at the field

wiring terminal may be evaluated in accordance with UL 840.

40.4 In conducting evaluat
shall be used:

ions in accordance with the requirements in UL 840, the following guidelines

a) For evaluating clearances:

1) Equipment
shall be eval
Standard shal

which operates in the direct line of the source of power to the load equipment
uated for Overvoltage Category lll. Other equipment covered under this
| be Overvoltage Category ll;

2) The Phase-to-Ground Rated System Voltage used in the determination of Clearances
shall be the equipment rated supply voltage rounded to the next higher value (in the table
for determining clearances for equipment) for all points on the supply side of an isolating
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transformer or the entire product when no isolating transformer is provided. The measured
clearance distance used in the evaluation of isolated secondary circuitry is able to be
interpolated when the secondary voltage occurs between voltages in the supply voltage
column;

3) To determine equivalence with current through air spacings requirements an impulse test
potential having a value as determined in UL 840 is to be applied.

b) For evaluation of creepages:

1) Any printed wiring board which complies with the requirements in UL 796, provides a
Comparative Tracking Index (CTI) of 100, and when it complies with the requirements for
Direct Support in UL 796, then it provides a CTl of 175;

2) Unless spgcified elsewhere in this Standard, equipment shall be evaluated for pollution
degree 3;

3) Printed wfring boards are evaluated as pollution degree 2 when adjacent.conductive
material is cdvered by any coating, such as a solder mask, which provides an uninterrupted
covering ovef at least one side and the complete distance up to the otherside of conductive
material;

4) Printed wifing boards shall be evaluated as pollution degree 1dnder one of the following
conditions:

i) A goating which complies with the requirements.\for Conformal Coatings in UL
746CJor

ii) At b specific printed wiring board location'by application of at least a 1/32 inch
(0.79 |mm) thick layer of silicone rubber ‘'0r'through potting, without air bubbles, in
epoxy| or potting material.

41 Protection of Service|Personnel

41.1 Any uninsulated live part involving a potential of more than 30 volts rms (42.4 volts peak) mounted
to the inside of a door shall|be guarded, recessed, or enclosed to provide protection against unintentiona
contact when the door is open. A mechanical obstacle, such as a barrier, cover or guard, relied upon tg
comply with this requiremept is able to:be removed without the use of tools. See 68, Protection Agains
Contact with Live Parts of Dpor Mounted Components Test.

Exception: Uninsulated livd partsde-energized by the interlocking mechanism in 41.3 comply with thid
requirement.

41.2 Industrial control equipment incorporating a fuse holder and the location of fuses, the normal
function of which requires renewal, shall be so constructed that the fuses are readily accessible when the
switch contacts are open so that a person is not required to touch any live part when replacing a fuse. The
electrical arrangement of a single-throw switch shall be such that when it is connected as intended and the
contacts are open, the fuse terminals are not energized.

Exception: A control-circuit fuse arrangement is not required to comply with this requirement when the
fuse and control-circuit load — other than a fixed control-circuit load, such as a pilot lamp — are within the
same enclosure.

41.3 Enclosed equipment with a door and containing a reset button, routine adjustment, or operating
handle of a switch or circuit breaker shall be constructed so the button, adjustment or operating handle is
readily accessible so that a person is not required to touch any live part in order to perform the operation or
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adjustment. When a barrier i
of a key or tools for removal.

Exception: Uninsulated live
requirement.

s relied upon to comply with this requirement, the barrier shall require the use

parts de-energized by the interlocking mechanism in 41.3 comply with this

41.4 For a combination motor controller, a door shall be interlocked with the disconnecting means such

that:

a) The door is not abl
and

e to be opened unless the disconnecting means is in the open (OFF) position;

b) The door is requir
closed (ON) position,

Exception: The door is nof
intentionally defeated by me

41.5 The interlocking mea
of tools to open the door and

42 Grounding

42.1 General

42.1.1 The following encl
noncurrent carrying metal g
normal operation or adjustm

a) All fixed equipmen

b) Portable equipme
ground.

42.1.2 Acceptable means f

a) Motor controllers s

(I | Lt It o ) 'H h H [ D | Hu ) Lhadl
CU U DT 1alllTcU DTIUTT U UISLUTITITUUNTY Tredlls 1o aUlT U VT SWILLTITU 1U U 1T

required to comply with this requirement when the interlocking ameans is
ans described in 41.5.

ns required by 41.3 is able to have a defeat mechanism that.requires the use
that is self-restoring when the door is closed.

psed industrial control equipment shall~have provision for grounding all
arts that are exposed or that are likely to be contacted by persons during
bnt of the equipment and that are likely to become energized:

[ and

nt intended for use on circuits involving a potential of more than 150 volts to

or grounding shall-be as follows:

hall be provided with a means of attachment of a terminal or the equivalent for

connecting an equip
conductor as specifi

b) Pendant, cord-c

ent grounding conductor. The terminal shall be sized to receive a grounding
d in Table 42.1 and is not required to be larger than the supply conductors;

conductor of a multiple-conductor cord to the enclosure;

c) Portable equipment shall be provided with a power-supply cord with a grounding conductor. The

grounding conductor

shall be connected to the grounding blade of a grounding attachment plug

and shall be connected to the frame or enclosure of the equipment. The surface of the insulation on
the grounding conductor shall be green with or without one or more yellow stripes;

d) A proximity switch, limit switch, and similar end-of-the-line devices shall be provided with a

means for mounting
terminal mounted to
conductor; or

all exposed dead metal parts to a metal frame, or shall be provided with a
exposed dead metal, or the equivalent, to receive an equipment grounding

e) Other industrial control equipment requiring grounding shall be provided with a ground bus. A
grounding terminal shall also be provided.
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The grounding means may be in the form of a kit. See 74.11.

Table 42.1
Size of Bonding, Equipment Grounding, Grounding Electrode Conductors

Size of equipment grounding or Size of grounding electrode
Maximum bonding conductor, conductor, Size of main bonding jumper,
ampere rating® minimum (AWG or kcmil) minimum (AWG or kcmil) minimum (AWG or kcmil)
Copper Aluminum Copper Aluminum Copper Aluminum
15 14° 12° 8 6 8 6
20 12° 10° 8 6 8 6
30 10° 8v 8 6 8 6
40 10° 8b 8 6 8 6
60 10° 8° 8 6 8 6
90 8 6 8 6 8 6
100 8 6 6 4 6 4
150 6 4 6 4 6 4
200 6 4 4 2 4 2
300 4 2 2 0 2 0
400 3 1 0° 3/0° 0° 3/0°
500 2 1/0 0 3/0 0 3/0
600 1 2/0 2/0 4/0 2/0 4/0
800 0 3/0 2/0 4/0 2/0 4/0
1000 2/0 4/0 3/0 250 3/0 250
1200 3/0 250 3/0 250 2504 250
1600 4/0 350 3/0 250 300¢ 400°
2000 250 400 810 250 400° 500¢
2500 350 600 3/0 250 500¢ 700¢
3000 400 600 3/0 250 600° 750°
4000 500 800 3/0 250 7504 1000°
5000 700 1200 3/0 250 900 1250
6000 800 1200 3/0 250 1250 1500
@ Maximum ampere rating of equipment'arcircuit overcurrent device ahead of equipment-grounding means.
b Values are applicable to equipment-grounding conductors only.

¢ When the ampere rating is 400 and the wire terminal connectors for the main service conductors are rated for two 3/0 AWG
copper or two 250 kemil aluminum conductors and does not accept a 600 kcmil conductor, these values are able to be reduced to
2 AWG copper or 0 AWG aluminum.

4 The cross section is able to be reduced to 12.5 percent of the total cross section of the largest main service conductor of the
same material (copper or aluminum) for any phase on equipment rated 1200 amperes and over. This applies when the wire
terminal connectors provided limit the cross section of the service conductors.

42.1.3 A wire binding screw intended for the connection of a field-installed equipment grounding
conductor shall have a green colored head. See 26.8.2 — 26.8.5 for requirements.

42.1.4 For wiring device type equipment, the wire binding screw shall have a hexagonal head. The head
may or may not be slotted.

42.1.5 A pressure wire connector intended for connection of a field-installed equipment grounding
conductor shall be green-colored or plainly identified, such as being marked "G," "GR," "GRD," "GND,"
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"GRND," "Ground," "Ground
used.

42.1.6

ing," or the like. The symbol @ (IEC Publication 417, Symbol 5019) may be

If the wiring diagram of a magnetic motor controller indicates that one side of the control circuit is

or may be grounded, the control circuit shall be arranged so that an unintentional ground in the remote-

control device will not cause

the motor to start.

42.1.7 A switch intended for mounting in an outlet box shall be so constructed that a metallic cover plate
will be bonded to ground when installed in the intended manner.

42.2

Internal insulated bonding, grounding, and grounded circuit conductors

42.2.1 Insulated grounding
one or more yellow stripes. |

42.2.2
a transformer secondary as|
white stripes on other than g

42.3 Transformer secondary grounding

42.3.1 A secondary circuit
conditions when field wiring
in which the transformer is ni

a) When the seconda
or the transformer su

b) When the second
that the maximum vo

42.3.2 A transformer seco
main bonding jumper facto
conductor terminal (or to th
The size of the main bon
transformer secondary ratin
grounding electrode conduc
shall be provided in the encl
provided.

Insulated conductors that extend outside an enclosure and are connected to the grounded side of]

!

and bonding conductors shall be identified by the color green with or without
lo other leads shall be so identified in the field wiring area.

in 42.3 shall be identified by the color white or grey or by three-continuous
Feen insulation and no other conductor shall be so identified.

pf a power or control transformer shall be groundedunder any of the following
s intended to be connected to the circuit which~extends beyond the enclosure
ounted.

ry is less than 50 volts and the transformer supply is over 150 volts to ground
bply at any voltage is ungrounded; or.

bry is 50 volts or greater and the-secondary circuit is able to be grounded so
tage to ground on the ungrodnded conductors does not exceed 150 volts.

ndary that is required to be grounded in accordance with 42.3.1, shall have a
[y connected to the-fransformer secondary and to the grounding electrode
enclosure when. a grounding electrode conductor terminal is not provided).
ing jumper shall be sized in accordance with Table 42.1, based on the
g. A grounding electrode conductor terminal sized to retain the required
or in accordance with Table 42.1, based on the transformer secondary rating,
psure-containing the transformer and a marking as specified in 73.30 shall be

Exception: When the transformer is rated not more than 1000 volt-amperes and supplies only remote
control and signaling circuits, the grounding electrode conductor terminal is not required and the main
bonding jumper shall not be smaller than a 14 AWG (2.1 mm?) copper conductor. The jumper is not
otherwise required to be larger than the phase conductors connected to the transformer secondary.

42.4 Switches intended for mounting in a flush-device box and suitable for lighting control

42.4.1 An industrial switch intended for mounting in a flush-device box shall be so constructed that a
metallic flush cover plate will be bonded to ground when installed in the intended manner.

42.4.2 Circuitry shall be arranged such that an equipment-grounding/bonding connection or conductor
does not carry current.
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Exception: A current not exceeding 0.5 mA conducted through an equipment-grounding conductor or
connection, when measured in accordance with Section 67, is not prohibited if the leakage current is
limited by any two independent means listed below in (a) to (d) and the device is marked in accordance
with 73.40. Each independent means shall be capable of limiting the available leakage current to not more

than 0.5 mA:
a) Metal film, carbon

b) Metallized polye

film, wire wound, and metal glazed resistors;

ster film capacitors used in isolated secondary circuits according to the

requirements of Section 33;

¢) Fixed capacitors of Class Y, or two fixed capacitors of Class X in series in accordance with UL
60384-14 used in circuits other than isolated secondary circuits according to the requirements of

Section 33; and

d) Other component

Note — The two independent mean

42.4.3 An industrial swit
grounded (neutral) conduct
described in Section 70 and

Exception: An industrial sy
grounding conductor termif
carries no current under nof

43 Accessories

43.1 Equipment having pr
the requirements in this Sta
intended. See Details, Secti

43.2 As part of the investi
feasible, and the instructio
accomplished using tools th

DEVICE PERFORMANCE

44 General

5, if investigated and found acceptable for the application.

5 may be two components from the same option, e.g. two separate resistors.

h terminal that is intended to accommodate an installation using eithe
br or grounding conductor shall also comply with the Terminal Assembly Tes
be marked in accordance with 73.40.

itch that is provided with both individual grounded conductor (neutral) ang
als need not be subject to testing nor so mniarked, if the grounding termina
imal operation.

pvision for the use of an accessory to be attached in the field shall comply with
hdard, and shall comply with:the requirements for the equipment for which it is
pon 76 for instructions and-markings.

jation, an accessory.is to be tested and trial-installed. The installation shall be
ns shall be detailed and correct. The installation shall be capable of being
at are readily,available unless a special tool is provided with the accessory.

441

The performance of industrial

control equipment shall be investigated by subjecting a

representative sample or samples in commercial form to the tests described in Sections 45 — 68. Those

tests that are required to be

conducted in a sequence are indicated in Table 44.1.
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Table 44.1
Sequence of Tests

Sample number®®
Standard reference section Test 1 2
Sequence Sequence
45 Temperature 1
46 Overvoltage and Undervoltage 2
47 Overload 1
48 Endurance 2
ﬂ ielectric \/nlfngn \Withstand 3 3

2 All or any combination of sequen
not be completed as a prerequisitq

b Devices intended for use with A
capacitive load characteristics ma
new untested samples and loads

ces may be conducted on a single sample if agreeable to those concerned. One sequence need
to the starting of another.

Electrical Discharge Lamps, self-ballasted LED or CFL, or LED driver, and similar loads with
require additional test sequence for endurance, Section 48, and dielectric, Section-61, using
pecified for electronic ballasts. See Table 48.1 and Section 69.

442 Temperature or curre
additionally evaluated to det

44.3 Unless indicated oth
frequency at the applicable V

nt sensitive devices or systems that cause termination%of a test shall be
brmine their suitability for the application.

brwise in the specific test section, the tests arefo be conducted at rated
oltage specified in Table 44.2.

Table 44.2
Values of Voltage for Tests

Voltage rating of equipment?® Standard

section

Test 110-120 220- 240 254 - 277 380 -415 440 - 480 560 — 600 number
Temperature 120 240 277 415 480 600 45
Overvoltage, a-c or 132 264 305 457 528 660 46

d-c

Undervoltage, a-c 102 204 235 353 408 510 46
Undervoltage, d-c 96 192 222 332 384 480 46
Overload 120 240 277 415 480 600 47
Endurance 120 240 277 415 480 600 48

2 If the rating of the equipment doe

5 nob)fall within any of the indicated voltage ranges, it is to be tested at its rated voltage except for

the overvoltage and undervoltage

——. -
olS. OET 50.0.

44.4 Unless indicated othe

rwise in the specific test section, the tests are to be conducted at any ambient

temperature within the range of 10 — 40 °C (50 — 104 °F). The ambient temperature is to be determined
using either thermometers or thermocouples placed in the vicinity of the equipment being tested.

44.5 An industrial control device with an incomplete or partial enclosure is considered to be an open
device with respect to the performance requirements in this Standard.

44.6 An open type device

shall be mounted in an enclosure considered representative of the intended

use. The maximum enclosure dimensions are to be determined by one of the following methods:

a) 150 percent of the

dimensions of the device — that is, length, width, and height;

b) Dimensions needed to meet the wire-bending space specified in Table 7.8;
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c) The intended enclosure, such as a standard outlet box; or

d) The intended enclosure, which may be larger than indicated in 44.6 (a) — 44.6(c) provided the
size is marked on the device or a separate stuffer sheet.

Exception: Relays rated as specified in 37.8(a) need not be so tested.

44.7 A reversing controller, a selector switch, a meter switch, 2-circuit or 3-circuit equipment, or other
type of device in which there are two or more on and off positions is to be connected for tests so that
opposite polarity representative of normal use exists between or across open contacts or parts. See 74.1.

Exception: Equipment on which same polarity is indicated by marking is to be connected as indicated in
the marking.

44.8 During the tests, equipment shall be mounted and wired so as to represent the intended-use
Except as indicated in Terrinal Torque Test, all field wiring terminal blocks or wire connectofsyshall be
tightened to the value of torue marked on the product.

45 Temperature Test

45.1 Industrial control equjpment tested under the conditions described in 45.2~45.24 shall:

a) Not attain a tempé¢rature at any point so high as to constitute a risk\of fire or adversely affect any
materials employed |n the equipment;

b) Not exceed the temperature limit for any individual component within the equipment; and

c) Not exceed the temperature rise above the test ambient at specific points greater than thoss
specified in Table 451 and Table 45.2.

45.2 All values for tempergture rises specified in Tablé 45.1 and Table 45.2 apply to equipment intendeg
for use in a maximum consigtent ambient temperatufe of 40 °C (104 °F).

45.3 For industrial control{equipment rated above 40 °C (104 °F), the allowable temperature rise for this
elevated ambient is to be cdlculated in accordance with the following formula:

T, & Ty — [Ty — 40 °C (104 °F)]

in which:

Tk is the Allowable Temperature Rise;

Tt is the Maximum Temperature Rise allowed by Table 45.1 or Table 45.2; and

T is the Elevated Ambient Temperature Marked on the equipment. See 72.2.

454 For industrial control equipment rated below 40 °C (104 °F), the allowable temperature rise for this
reduced ambient is to be calculated in accordance with the following formula:

Ty = Ty + [40 °C (104 °F) - Tyy]

in which:

Tris the Allowable Temperature Rise;
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T+ is the Maximum Temperature Rise allowed by Table 45.1 or Table 45.2; and

Tw is the Reduced Ambient Temperature Marked on the equipment. See 72.2.

Table 45.1
Maximum Temperature Rises

Materials and components °C (°F)

1. Knife-switch blades and contact jaws 30 (54)
2. Fuse clip when tested with a dummy fuse that represents a fuse intended to provide 30 (54)
branch circuit protection
3. Fuse clip when tested with a fude intended to provide branch circuit protection™ 85 (153)
4. Rubber- or thermoplastic-insulated conductors a a
5. Field-wiring terminals®"

Equipment marked 60 °C or §0/75 °C supply wires 50 (90)

Equipment marked 75 °C supply wires 65 (117)
6. Buses and connecting straps ot bars® j j
7. Contacts

Solid and built-up silver, silver alloy, and silver faced e e

All other metals 65 (117)

8. Insulation systems

Class 105 insulation system'

Thermocouple method 65 (117)
Resistance method 85 (153)
Class 105(A) insulation systems on single-layer series coil with exposed,surfaces 90 (162)

either uninsulated or enamelgd, thermocouple method

Class 120(E) insulation system?

Thermocouple method 75 (135)

Resistance method 95 171)
Class 130(B) insulation systefns"?

Thermocouple method 85 (153)

Resistance method 105 (189)
Class 155(F) insulation systefns"®

Thermocouple method 95 171)

Resistance method 45 {267
Class 180(H) insulation systems"?

Thermocouple method 115 (207)

Resistance method 135 (243)
Class 200(N) insulation system®P

Thermocouple method 135 (243)

Resistance method 155 (279)
Class 220(R) insulation systems"?

Thermocouple method 155 (279)

Resistance method 175 (315)

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Materials and components °C (°F)
9. Insulating materials® n n
10. In the issuing air, 1 inch (25.4 mm) above the enclosure 175 (315)
11. On the embedding material of a resistor, a rheostat, and a wall-mounted dimmer with 300 (540)
an embedded resistive element
12. ON the embedding material of a rheostatic dimmer having embedded resistive 350 (630)
conductors, and arranged for mounting on a switchboard, or in a noncombustible frame
13. On bare resistor material, thermocouple method 375 (675)
14. Capacitor g g
15. Power switching semiconducfors k k
16. Printed-wiring boards | |
17. Any component or material ngt specifically identified in 1 — 16 o] o]

@ For insulated conductors the m3
wire in question minus an assumg

® For compounds which have beg
the temperature rating minus an ¢

¢ The temperature on a wiring ter
installed as in actual service.

4 The limit does not apply to conn
¢ Temperature limited by the temg

deterioration of the contact assen
parts, or other visible damage.

fSee 45.16 —45.22.
9 For a capacitor, the maximum tg
temperature of 40 °C (104 °F).

P When the rise is 50 °C (90 °F) o
shall be marked AL7CU or AL9C
shall be marked AL9CU.

See 74.9.
I The limit applies only to bus bars
not apply to short pieces of coppe

the temperature limitations on th
material, whichever is lower. The
material, loss of temper of spring,

K The maximum temperature rise

' The maximum temperature rise

assemblies or factory or field wiri%u

Xximum temperature rise shall not exceed the maximum operating temperature specified for the
d ambient (room) temperature of 40 °C (104 °F).

n investigated for particular temperature ratings, the maximum temperature rise.shall not exceed
ssumed ambient of 40 °C (104 °F).

ninal or lug is measured at the point most likely to be contacted by the insulation of a conductor

Bctions to a source of heat, such as a resistor and a current element.of an overload relay.

erature limitations on the material for adjacent parts. See 45:15. There shall be no structural
bly, loosening of parts, cracking or flaking of materials, los$.of temper of spring, annealing of

mperature rise is the marked temperature limit.6fthe capacitor minus an assumed ambient

[ less and an aluminum bodied connector’is used or aluminum wire is intended, the connector
U; when the terminal temperature rise exceeds 50 °C and does not exceed 65 °C, the connector

and connecting straps used for distribution of power to industrial control devices. The limit does
r located within industriat-control devices and used for the support of stationary contact

g terminations. The_maximum temperature rises for this type of construction are determined by
support material, adjacent part material, or 100 °C (180 °F) temperature rise on the copper

e shall be no struetural deterioration of the assembly, loosening of parts, cracking or flaking of
annealing of parts, or other visible damage.

on the case js the maximum case temperature for the applied power dissipation recommended

by the semiconductor manufactuer minus-an assumed ambient of 40 °C (104 °F).

bf.the printed-wiring board is the operating temperature of the board minus an assumed ambient

of 40 °C (104 °F).
™ See 73.26.
" See Table 16.2 and Table 38.1.

° The maximum temperature rise

of any component shall not exceed the temperature limit of the component minus an assumed

ambient temperature of 40 °C (104 °F).
P The insulation system shall meet the requirements of UL 1446.

87
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Table 45.2
Maximum enclosure Surface Temperature Rises
Surface °C (°F)
1. Inaccessible parts of the enclosure (for example, the back of wall mounting enclosure) or 50 (90)
accessible surfaces not subject to casual contact (for example, without parts intended to be
touched) &P
2. Accessible parts of the enclosure subject to casual contact (for example, enclosure surfaces
containing parts intended to be touched)
Nonmetallic® 40 (72)
Metal® 30 (54)
3. Parts intended to be touched (for example, operating knobs or handles of power switches and
similar parts)
Nonmetallic 25 (49)
Metal 15 (27)

2 When the temperature rise on th
(90 °F) per Table 45.2, when oper.
contact with a plane mounting surf
surface such that the temperature
® The temperature rise of an acce{
in75.13.

b side of an enclosure that is intended for mounting against building materials exceeds 50 °C
hted under normal conditions, the construction shall be such that only the points of’'support are in
lace with the remainder of the equipment spaced at least 1/4 inch (6.4 mm) from the mounting
rise of the supporting surface does not exceed 50 °C.

sible surface of an enclosure is able to be exceeded when provided with.the marking indicated

45.5 The coil test voltage
transformer or magnet coils
example, 110, 115, or 120
tests may be conducted on
of the marked voltage ratin
voltage rating for each rang
44.2.

45.6 To determine whether
it is to be operated:

a) Under normal condlitions;

b) While carrying its 1
c) At the voltage spe

Exception: Instead o

e
ls of the coils selected for testing. If aveoil is not provided for the maximum

b are to be as specified in Table 44.2. However, if a manufacturer supplies
for various voltage ratings within each spegified range in Table 44.2 (for|
olts), and if a coil is supplied for the maximum voltage rating of each range,
presentative coils within each range based on percentages specified in 46.1

. tests are to be conducted on all ¢eils at the test voltages indicated in Table

industrial control equipment.complies with the temperature test requirements,

ated current continuously (see 45.8 — 45.10);
ified in Jable 44.2 or as in 45.5 for coils;

[ the voltages specified, a low voltage source of supply is able to be used for

temperature tests on

parts other than voltage rated coils.

d) While mounted as

intended in use (see 45.11 and 45.13);

e) At an ambient temperature as in 45.14; and

f) Until temperatures

are constant (see 45.22).

At the conclusion of the test, the temperature rise of each material or component shall not exceed the
maximum temperature rises as specified in 45.1, 45.3, and 45.4. The temperature rise of a material or
component is the difference between its stabilized test temperature and the test ambient. Protective

devices or circuitry shall not

trip during the test. For equipment provided with a thermostat or other thermal

protective device and tested as in 45.14(a), the temperature of the thermal device shall be measured,

corrected for the difference

in ambient temperature, and the resulting temperature compared to the trip

temperature to determine whether the device would have been tripped as a result of the test.
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45.7 Temperatures are to be measured with all parts operating simultaneously, as the heating of one part
may affect the heating of another part.

45.8 The rated current for horsepower-rated equipment is to be as specified in Table 47.2, Table 47.3,
Table 72.2, or Table 72.3.

45.9 For equipment provided with an overload relay, unless the equipment is marked as specified in
73.36 to restrict the maximum current rating, the temperature test shall be conducted using the maximum
full-load current shown in a current element table, or if no table is provided (e.g., an electronic overload
relay), at the maximum setting of the overload relay. When the equipment is marked as specified in 73.36
to restrict the maximum current rating, the temperature test shall be conducted at the current rating
marked on the equipment. For equipment having a current-element table showing only tripping current, the
test current is to be 87 percént of the specified maximum tripping current.

45.10 For an auxiliary swi
to the maximum break curre

fch mounted directly to a contactor or starter, the test current is to corféspong
nt consistent with the switch rating.

45.11 Industrial control equipment is to be tested with 4 feet (1.2 m) of wire attached to\each field-wiring
terminal. For example 8 feg¢t (2.4 m) of conductor is required when the conductor is connected betweer
two field-wiring terminals. The wire is to be of the smallest size having an ampacity, of at least 125 percen
of:

ull-load motor-current in accordance with Table* 47.2 or Table 47.3, as
past 100 percent for other loads;

a) The maximum
appropriate, and at |

b) The maximum ful
current-rated eleme
elements; or

Hload motor current for the component (as listed in Table 45.1) with the highes
nt for equipment employing an overload device with interchangeable curren

¢) The maximum full
relay with non-interc

tload motor current for the overlead relay for equipment employing an overload
hangeable current elements;

The wire size is to be in ac¢ordance with Table 45.3 based on the wire temperature rating marked on the

equipment. The type of i
conductors having other

conducted with black-insulated conducters=If the terminal will not receive the size of wire required fo

testing in accordance with

accordance with 26.5.3 to limit the size of wire, the maximum allowable wire size is to be used.

Exception: When there is on

hsulation is not specified. The temperature test may be conducted with
han black insulation, but referee temperature measurements are to bq

45.9 for equipment having an overload relay, or if the device is marked in

ly prevision for the connection of bus bars to industrial control equipment rateg

ganh (O 4 papa) thinl aannay hiio hara ~Ff tha anacifl jn Toahln A6 4 ~py

at 450 amperes or more, 1/

g v Hdolth =i
HIER RS ERIE Ry AR TR LASZARMVAY) o) =4 vd By o4 = (o R v 4 L R an v B 2 g | o WA SPCTITTCT H—Taore—4o4—ahc

at least 4 feet in length are to be used. The temperature test may be conducted with other than black-
painted bus bars, but if referee temperature measurements are required, black-painted bus bars are to be
used. The spacing between multiple bus bars is to be 1/4 inch with no intentional wider spacing except as
necessary at the individual terminals of the equipment.
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Table 45.3
Ampacities of Insulated Conductors
Wire size 60 °C (140 °F) 75 °C (167 °F)
AWG (mm?) Copper Aluminum Copper Aluminum
24 0.2) 2 - - -
22 (0.3) 3 - - -
20 (0.5) 5 - - -
18 (0.8) 7 - - -
16 (1.3) 10 - - -
14 (21 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 (53.5 150 120
2/0 (67.4) 175 135
3/0 (85.0 200 155
4/0 (107.3) 230 180
kemil
250 (127 255 205
300 (152 285 230
350 177 310 250
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 (456 526 425
1000 (508) 545 445
1250 (633) 590 485
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 Table 45.3 for
that conductor multiplied by the number of conductors that the terminal will accommodate.

2. These values of ampacity apply only if not more than three conductors will be field-installed in the conduit. If four or more
conductors, other than a neutral that carries the unbalanced current, will be installed in a conduit (as may occur because of the
number of conduit hubs provided in outdoor equipment, the number of wires necessary in certain polyphase systems, or other
reasons), the ampacity of each of the conductors is: 80 percent of these values if 4 — 6 conductors are involved, 70 percent of
these values if 7 — 24 conductors, 60 percent of these values if 25 — 42 conductors, and 50 percent of these values if 43 or more
conductors.
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Table 45.4
Width of Copper Bus Bars

Product rating Width of bus bars
Amperes Bus bars per terminal Inches (mm)
450 - 600 1 2 (51)
601 - 1000 1 3 (76)

1001 - 1200 1 4 (102)
1201 - 1600 2 3 (76)
1601 — 2000 2 4 (102)
2001 - 2500 2 5 {27y

4 2-1/2 (64)
2501 — 3000 3 5 (127)

4 4 (102)

4512 When referee measurements of ambient temperatures are required, several thermometers o
thermocouples are to be|placed at different points around the equipment. The&. thermometers o
thermocouples are to be logated in the ingoing path of the cooling medium, and ate to be protected fron
drafts and abnormal heat fadiation. The ambient temperature is to be the mean ‘of the readings of thg
temperatures taken at equal intervals of time during the final quarter of the duration of the test.

4513 Enclosed industria| control equipment is to be tested in 4the enclosure provided by the
manufacturer. Open type indlustrial control equipment is to be tested in‘an enclosure as specified in 44.6.

Exception: Open type indystrial control equipment is not required to be tested in an enclosure wher
marked with a surrounding air temperature rating.

45.14 The temperature test is to be conducted with the.equipment placed in:
a) An ambient in acgordance with 44.4; or.

b) A non-air circulafing or air circulating test chamber with the ambient temperature of the tes
chamber adjusted tg the rated ambient. When an air circulating test chamber is used for testing
baffles shall be provided within the test chamber to prevent drafts from cooling the product unde
test.

45.15 The acceptability of msulatmg materlals other than those specrﬂed in TabIe 451 is to bg
determined with respect to—properties—such—asflammability—arc-resistance—and-the likebased
operating temperature equal to the measured temperature rise plus 40 °C (104 °F) or other marked
ambient temperature rating.

45.16 The thermocouple method for temperature measurement as specified in Table 45.1 consists of the
determination of temperature by use of a potentiometer type instrument and thermocouples that are
applied to the hottest accessible parts. The thermocouples are to be made of wires not larger than 24
AWG (0.21 mm?). The thermocouples and related instruments are to be accurate and calibrated in
accordance with good laboratory practice. The thermocouple wire is to conform with the requirements for:

a) Special tolerance thermocouples specified in the Special Tolerances thermocouples as listed in
the Tolerances on Initial Values of EMF versus Temperature tables in ASTM E230/E230M;

b) The table of Special Limits as outlined in ASTM E230; or
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c) IEC 60584-2 or JIS C 1602. Tolerance Class 1,2 or 3; type and Class tolerance shall be selected
according to the following:

1) The maximum tolerance value does not exceed £1.5 °C of reading for thermocouples
identified in IEC 60584-2 or JIS C 1602.

2) Alternately, where higher temperature ranges of the selected thermocouple are
measured, a tolerance value of 0.4% of reading may be applied to thermocouple tolerances
as specified in IEC 60584-2 or JIS C 1602.

45.17 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material of which the temperature is being measured. In most
cases, adequate thermal coptact-willresuli-from-securely-taping-orcementing-the-thermocouple-inplace;

but if a metal surface is involyved, brazing or soldering the thermocouple to the metal may be necessary.

45.18 The resistance met:rod for temperature measurement as specified in Table 45.1 consists of the
calculation of the temperature rise of a winding using the equation:

Ar=::—3(k+rl)—(k+rg)
1

in which:
At is the temperature|rise of the winding in °C
r, is the resistance of{the coil at the end of the test in ohms.
ry is the resistance of|the coil at the beginning of the test in@@hms.
t, is the room temperature in °C at the beginning of thé test.
t, is the room temperfature in °C at the end of the\test.

k is 234.5 for copper,|225.0 for electrical conductor grade (EC) aluminum; values of the constant for|
other conductors arelto be determined,

45.19 Because it is generplly necessary.to de-energize the winding before measuring r,, the needed
value of r, at shutdown may|be determined by taking several resistance measurements at short intervals,
beginning as quickly as possible after the instant of shutdown. A curve of the resistance values and the
time may be plotted and extrjapolated to give the value of r, at shutdown.

4520 The preferred method of measuring the temperature of a coil is the resistance method; but
temperature measurements by either the thermocouple or resistance method are acceptable; except that
the thermocouple method is not to be employed at any point where supplementary insulation is employed.

45.21 With reference to 45.20, when thermocouples are used for measuring the temperatures of a coil,
at least two thermocouples are to be used. The thermocouples are to be placed on the surface of the
magnet wire which is the upper surface based on the orientation during testing. An additional
thermocouple is to be placed on a surface subjected to heating by another source, such as another
transformer or a hot resistor.

45.22 A temperature rise is considered to be constant when three successive readings that are taken at
intervals of not less than 15 minutes indicate no change between any two of three consecutive readings of
more than 1 °C in the temperature rise.
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45.23 Infrared thermal a

nalysis may be used to determine maximum temperature locations for

placement of thermocouples for the temperature test.

45.24 A device having mechanical contacts may have the contacts cleaned by any non-abrasive, non-
corrosive method or may be cycled under load several times prior to initiating the temperature test.

46 Overvoltage and Undervoltage Test

46.1
of the rated voltage without

An assembly using one or more electromagnetic switching components shall withstand 110 percent

damage to the operating coil that prevents full closure of the switched contacts

and shall operate at 80 percent of its rated voltage when for use on direct current or 85 percent of its rated
voltage when for use on alternating current.

46.2 If equipment, such a
the voltage for conducting {
90 percent of the rated trans

46.3 The electromagnet

constant coil temperatures
undervoltage test voltage &
times to determine if full clo

46.4 The control circuit v
constant temperatures are
reduced to the temperaturg
several times to determine i

46.5 An electromagnet int
the requirements in 46.1 — 4

circuit after closing of the

energized under temperature test conditions.

47 Overload Test

47.1 During the overload

breakdown of the equipment, no undue burning or pitting of the contacts and no welding of the contacts

The fuse specified in 47.13

47.2 Line and load termi

5 a combination motor controller, is provided with a control-circuit transfotmer
he undervoltage test is to be applied on the primary side of the transformer a
former primary voltage.

s first to be energized under the conditions of the temperature test unti

are observed. The control circuit voltage is then to be-reduced to thsg
xplained in 46.1. The control circuit is then to be opened-and closed severa
sure of the armature results.

pltage is to be increased to the overvoltage test value stated in 46.1 unti
observed using the thermocouple method. The voltage is then to be rapidly
test voltage and the control circuit is towbe“immediately opened and closeq
f full closure of the armature results.

ended for intermittent duty is to be tested to determine whether it complies with
6.4 for the time rating specifiedIf resistance is inserted into the electromagne
contactor, this resistance js;‘to be included in the circuit when the coil is

test described™in this section, there shall be no electrical or mechanica

shall not open.

hals *of industrial control equipment having clearances in accordance with

Clearance B (Controlled Overvottage),-Section 8, imthe Tequirements of U840, aretobemonitoredfo
overvoltages during operation at rated operational voltage under load and no-load conditions. Generated
voltages shall not be greater than the lowest impulse withstand voltage rating specified in Table 8.1 of UL
840. This monitoring is to be done during the overload test by an oscillographic study.

47.3 The wire used for this test is to have an ampacity of at least 125 percent of the maximum full-load
motor-current in accordance with Table 47.2 or Table 47.3, as appropriate, or at least 100 percent for other
loads.

47.4 The overload test or tests are to cover the conditions of maximum interrupted values of voltage,
power, and current.

47.5 Tests on equipment having an alternating-current rating are to be conducted using a circuit having a
frequency of 60 hertz.
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Exception: A test circuit frequency in the range of 25 — 60 hertz may be considered to be representative.

47.6 Equipment is to close and open a test circuit having the current and power factor as described in
is rated in horsepower instead of current, the horsepower rating is to be
converted to a full load current value using the information in Table 47.2 and Table 47.3 in order to apply

Table 47.1. If a controller

Table 47 .1.
Table 47.1
Overload Test Circuit
Intended device application Current, amperes Power factor

Across-the-Line AC Motor Startings ttimresdevice fult=toadcorrent 040—"0-56
single phase
Across-the-Line AC Motor Starting, 2- See Table 47.4 for Test Current 0.40-0.50
and 3-phase
Across-the-Line DC Motor Starting 10 times device full-load current dc?
DC General Use 1.5 times device rated value dc?
AC General Use 1.5 times device rated value 0.75—080
DC Resistance 1.5 times device rated value dc?
AC Resistance 1.5 times device rated value 1.0
AC Resistance Air Heating 1.5 times device rated value 1.0
DC Resistance Air Heating 1.5 times device rated value dc?
AC Incandescent Lamps (Tungsten) 1.5 times device rated value 0.75-0.80
DC Incandescent Lamps (Tungstgn) 1.5 times device rated value dc
AC Electrical Discharge Lamps 3.0 times device rated value 0.40-0.50
(Standard Ballast)
Elevator Control, AC hp b b
Elevator Control, DC hp b b
Capacitive Switching (kVar) 1.5 times device rated-value c
NOTE — The test cycles are to be ps described in 47.12.

2 Load is a noninductive resistive |
® Overload conditioning shall be id

¢ The load is to consist of commer
3000 A or the marked short circuit
determined by analytical evaluatio

bad.
entical to the overload conditioning required for across the line motor starting.

Cially available-capacitors. The available test current at the test terminals shall not be less than
rating of the)capacitors, whichever is greater. The available current capacity is able to be
n.
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Table 47.2
Full-Load Motor-Running Currents in Amperes Corresponding to Various A-C Horsepower Ratings

110 -120 200 208 220 - 240 380-415 440 - 480 550 - 600
Horse Volts Volts Volts Volts? Volts Volts Volts
power | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three | Single | Three
phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase
110 3.0 - - - - - 1.5 - 1.0 - - - - -
1/8 3.8 - - - - - 1.9 - 1.2 - - - - -
1/6 4.4 - 25 - 24 - 22 - 14 - - - - -
1/4 5.8 - 3.3 - 3.2 - 29 - 1.8 - - - - -
1/3 7.2 - 4.1 = 40 = 36 = 23 = = = = =
12 9.8 4.4 5.6 25 5.4 24 4.9 22 3.2 1.3 25 1.1 2.0 019
3/4 13.8 6.4 7.9 3.7 7.6 35 6.9 3.2 45 1.8 35 1.6 2.8 1.3
1 16.0 8.4 9.2 4.8 8.8 4.6 8.0 42 5.1 2.3 4.0 2.1 3.2 1.7
1-1/2 | 20.0 12.0 11.5 6.9 11.0 6.6 10.0 6.0 6.4 3.3 5.0 3.0 4.0 24
2 24.0 13.6 13.8 7.8 13.2 7.5 12.0 6.8 7.7 43 6.0 34 4.8 2.7
3 34.0 19.2 19.6 11.0 18.7 10.6 17.0 9.6 10.9 6.1 85 4.8 6.8 3.9
5 56.0 | 30.4 32.2 175 | 30.8 16.7 | 28.0 15.2 17.9 9.7 14.0 7.6 11.2 6.1
7-1/2 | 80.0 | 44.0 | 46.0 253 | 44.0 | 242 | 400 22.0 27.0 14.0 [\21.0 11.0 16.0 9.0
10 100.0 | 56.0 575 || 32.2 55.0 | 30.8 50.0 28.0 33.0 18.0y 26.0 14.0 | 20.0 11.0
15 135.0 | 84.0 - 48.3 - 46.2 | 68.0 | 42.0 | 440 27.0 | 340 | 21.0 | 27.0 17.0
20 - 108.0 - 62.1 - 59.4 88.0 54.0 56,0 340 | 440 | 270 35.0 22.0
25 - 136.0 - 78.2 - 74.8 | 110.0 | 68.0 70.0 | 44.0 | 550 34.0 | 440 27.0
30 - 160.0 - 92 - 88 136.0 | 80.0 87.0 51.0 | 68.0 | 40.0 54.0 32.0
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.,4/130.0 | 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 - 312.0 - 208.0 - 156.0 - 125.0
150 - - - 414 = 396 - 360.0 - 240.0 - 180.0 - 144.0
200 - - - 552 - 528 - 480.0 - 320.0 - 240.0 - 192.0
250 - - - < - - - 604 - 403.0 - 302.0 - 242.0
300 - - - — — - — [ - 482.0 - 36T.0 — 289.0
350 - - - - - - - 828 - 560.0 - 414.0 - 336.0
400 - - - - - - - 954 - 636.0 - 477.0 - 382.0
450 - - - - - - - 1030 - - - 515 - 412
500 - - - - - - - 1180 - 786.0 - 590.0 - 472.0

@ To obtain full-load currents for 265 and 277 volt motors, decrease corresponding 220 — 240 volt ratings by 13 and 17 percent,
respectively.
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Table 47.3
Full-Load Motor-Running Currents in Amperes Corresponding to Various D-C Horsepower Ratings
Horsepower 90 Volts 110 — 120 Volts 180 Volts 220 - 240 Volts 500 Volts 550 — 600 Volts
110 - 2.0 - 1.0 - -
1/8 - 2.2 - 1.1 - -
1/6 - 24 - 1.2 - -
1/48 4.0 3.1 2.0 1.6 - -
1/3 52 4.1 2.6 2.0 - -
1/2 6.8 5.4 34 2.7 - -
3/4 9.6 A~ 4.8 38 16
1 12.2 9.5 6.1 47 - 2.0
1-1/2 - 13.2 8.3 6.6 - 27
2 - 17.0 10.8 8.5 - 36
3 - 25.0 16.0 12.2 - 5.2
5 - 40.0 27.0 20.0 - 8.3
7-1/2 - 58.0 - 29.0 - 12.2
10 - 76.0 - 38.0 & 16.0
15 - 110.0 - 55.0 27.0 24.0
20 - 148.0 - 72.0 34.0 31.0
25 - 184.0 - 89.0 43.0 38.0
30 - 220.0 - 106.0 51.0 46.0
40 - 292.0 - 140.0 67.0 61.0
50 - 360.0 - 173.0 83.0 75.0
60 - - - 206.0 99.0 90.0
75 - - - 255.0 123.0 111.0
100 - - =~ 341.0 164.0 148.0
125 - - - 425.0 205.0 185.0
150 - - - 506.0 246.0 222.0
200 - - - 675.0 330.0 294.0
@ The full-load current for a 1/4-hotsepower, 32-yalt d-c motor is 8.6 amperes.
Table 47.4
Locked-Rotor Motor CurrentsCorresponding to-Various A-C Horsepower Ratings(3-Phase)——
110-120 V 200V 208 V 220-240V [ 380V-415V | 440-480V [ 550-600V
HP !Vloto[' !Vloto'r !Vloto!' !Vloto!' !Vloto!' !Vloto'r !Vloto!'
designations | designations | designations | designations | designations | designations | designations
B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D
12 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 27 20 16
2 100 57.5 55 50 34 25 20

Table 47.4 Continued on Next Page
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Table 47.4 Continued
110 -120 V 200V 208V 220-240V | 380V-415V | 440-480V 550 — 600 V
HP !Vloto!' !Vloto!' !Vloto_r !Vloto!' !Vloto_r !Vlotor !Vloto_r
designations | designations | designations | designations | designations | designations | designations
B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D B,C,D
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 16
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 - 001 962 870 578 435 348
75 - 248 1200 1085 722 543 434
100 - 668 1603 1450 965 725 580
125 - P087 2007 1815 1207 908 726
150 - D496 2400 2170 1441 1085 868
200 - B335 3207 2900 1927 1450 1160
250 - - - 3650 - 1825 1460
300 - - - 4400 - 2200 1760
350 - - - 5100 - 2550 2040
400 - - - 5800 - 2900 2320
450 - - - 6500 - 3250 2600
500 - - - 7250 - 3625 2900
47.7 Air core type reactors are to be used to obtain the reactive power factor specified in Table 47.1
Reactors may be connected in parallek, No reactor is to be connected in parallel with a resistor.

resistor power consumptioh. is,'@pproximately 1 percent of the total power consumption in that phase
calculated in accordance withthe fu”uvv;uy forrmtia:

Exception No. 1: An air—corF redctor in any phase may be connected in parallel with a resistor (Rsy) if the

Rsy = [100(1 / PF - PF)E /I

in which:
PF is the power factor;
E is the closed-circuit phase voltage; and

lis the phase current.

Exception No. 2: Iron-core reactors may be used provided that the sine-wave shape for the test load
current at maximum is such that the ratio of peak-to-rms values is equal to 1.414 5 percent (essentially
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sinusoidal), or has a Total Harmonic Distortion (THD) of 5% maximum to verify the absence of magnetic
saturation of the core. This requirement applies to both make and break load currents.

47.8 Except as specified in 47.9, the closed test circuit voltage is to be 100 to 110 percent of the overload
test voltage specified in Table 44.2.

47.9 For a motor controller rated more than 25 horsepower (18.6 kW output) or a magnetically operated
switch rated more than 100 amperes, the open-circuit voltage is to be as much above the voltage specified
in Table 44.2 as the closed-circuit voltage is below that value, unless such adjustment results in the open-
circuit voltage being more than 110 percent of the specified voltage. In that case, the test is to be
conducted using whatever closed-circuit voltage is obtained when the open-circuit voltage is 110 percent
of the specified voltage. However, the capacity of the supply circuit need not be greater than that of a

circuit that is considered to
General, Section 52.

4710 Tests on a reversing
interlock, or any combinatig
interlock system is provided

47.11 The equipment is t
subjected to ten additional ¢
of operation.

47.12 For all equipment e
seconds off. For a reversing
8 seconds off.

Exception No. 1: If the deVv
these are to be used.

Exception No. 2: If it is dete
current without interrupting
properly seated before t
measurements, the on time

Exception No. 3: The off time for equipment conducting a test current of 500 — 1499 amperes is to be no

more than 120 seconds, and
to be no more than 240 secd

be acceptable for the short circuit test as described in Short Circuit Test.—

controller provided with a factory-installed mechanical, electrical, or.€lectronic
n thereof, are to be conducted with all such interlocks in opé€ration. If an
as an option, that system is to be defeated during the test.

b open and close the test circuit 50 times. A reversing_controller is to be
ycles of operation with both coils energized simultangausly after the 50 cycles

kcept a reversing controller, the test cycle time’is to be 1 second on and 9
controller, the test cycle time is to be 1 secend forward, 1 second reverse, and

fce operation will not permit these~¢ycle times, times as close as possible to

rmined that for a duration less than one second, the device conducts the test|
the circuit or being adversely affected by heat and the device contacts are
ne break is initiated as confirmed by oscilloscopic or oscillographic
may be reduced fo that duration.

for devices conducting a test current more than 1499 amperes, the off time is|
nds.

roecarteid fuca that A~ At

ot bha ~aanA dthratinl o 2

47.13 During the test, the erelesure
have a time delay to the electrical test circuit pole considered least likel

47.14 A device having two
two adjacent poles.

fa) moae o e s o
U MPCTCCartnugtTasCimat goOT S 1TOT

y to strike to ground.

S U DT COTNTICCTICUtNToOygrI o v

or more poles is to be tested with opposite polarity as noted in 74.13 between

Exception: If the device is marked same polarity, opposite polarity need not exist between adjacent poles.

47.15 During tests on multipole devices for use in opposite-polarity applications, all unused poles are to
be connected electrically to the enclosure.

47.16 Unless a device is provided with a wiring diagram or equivalent marking indicating the number of
poles to be used to control the load, the device is to be tested using one pole to control single-phase or
direct-current loads and using two poles to control polyphase loads.
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47.17

Figure 47.1 shows typical connection diagrams.

a) Diagrams A and B show connections for a device for single- and 3-phase loads, respectively,
that are unmarked regarding load connection.

b) Diagram C and D show connections for a device for 3-phase and single-phase loads,
respectively, that are marked "Break All Lines" or the equivalent.

c) Diagram E shows connections for a double-pole, double-throw relay that is unmarked for polarity
connection. Diagram F shows connections for a double-pole, double-throw relay marked for same
polarity. For a double-throw device, either the normally open or normally closed position may be
tested, provided, for each position the contacts, the travel distance, and the contact force are the
same. This also applies to a single-pole, double-throw relay.
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Figure 47.1
Overload Test Connection Diagrams

S3587
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48 Endurance Test

48.1 During the endurance test described in this section, there shall be no electrical or mechanical
breakdown of the device, welding, undue burning or pitting of the contacts. The fuse specified in 47.13
shall not open. After the test, the device shall comply with the requirements of the Dielectric Voltage-
Withstand Test, Section 51.

48.2 The conditions for the endurance test shall be the same as the conditions for the overload test as
specified in Section 47, except as described in this section.

48.3 The equipment is to close and open a test circuit having the applicable current and power factor
specified in Table 48.1. The number of test cycles and the test cycle times are to be as specified in Table

48.1. The closed circuit tes{ voltage is to be 100 to 110 percent of the endurance test voltage specified.ir
Table 44.2.
Table 48.1
Endurance Test
Intended devi Test ¢ Number of Test cycle times
ntended device est curren umber o seconds
application amperes Power factor cycles
On Off

Across-the-Line AC Motor Twice Full-Load 0.40-0.50 1000° f f
Starting® Gurrent
Across-the-Line DC Motor Twice Full-Load dc" 1000® f f
Starting Qurrent
DC General Use Rated Current dc" 6000 19 9¢
AC General Use Rated Current 0.75-0.80° 6000 1¢ o
DC Resistance Rated Current dch 6000 19 9¢
AC Resistance Rated Current 1.0 6000 19 g9¢
DC Resistance Air Heating' Rated Current dch 100,000 14 g9¢
AC Resistance Air Heating' Rated Current 1.0 100,000 1d 9¢
AC Incandescent Lamps Rated Current. See 1.0 60009 1°¢ 59¢
(Tungsten) 48.4 -48.7.
DC Incandescent Lamps Rated Current. See dc 60009 1° 59¢
(Tungsten) 48.4 -48.7.
AC Electrical Discharge Twice Rated.Current 0.40-0.50 6000 1 9
Lamps (Standard Ballast)
AC Electrical Discharge K k 6000 1 9
Lamps (Electronic
Fluorescent Ballast), self-
ballasted LEDs and CFLs,
and LED Drivers, and similar
loads with capacitive load
characteristics
Elevator Control, AC hp Twice Full-Load 0.40-0.50 500,000 1 9

Current
Elevator Control, DC hp Twice Full-Load dc" 500,000 1 9

Current
Capacitive Switching (kVar) | Rated Current i 6000 19 9¢
@ For an alternating current combination controller, the manual switch is to be tested for 6000 cycles at the rate of 6 cycles per
minute at 0.75 — 0.80 power factor, and at rated full-load current.

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Intended device
application

Test cycle times

Number of seconds

cycles

Test current

amperes Power factor

On Off

9 The cycle times are to be shown

P These devices are to be subjected to at least 6000 mechanical cycles at any convenient rate.

¢ If the device is marked "resistance only" in accordance with 73.10, the test may be conducted using a noninductive resistance
load. This "resistance only" rating is different than a resistance heating rating or a resistance air heating rating.

or as described in 47.12.

¢ A control may be operated faster than 1 cycle per minute if synthetic loads are used or if a sufficient number of banks of lamps
controlled by a commutator are employed so that each bank will cool for at least 59 seconds between successive applications.

f Other than as noted in note a, the test cycle is to be as indicated in Table 48.2.

9 For a magnetic relay intended to
cycles is to be 25,000.

M Load is a noninductive resistive |

" Applicable only to a device that c
an automatic reset safety control 1

I The load is to consist of commerd
3000 A or the marked short circuit
determined by analytical evaluatio

k Devices rated 120, 277 VAC, or
driver, and similar loads with capa
the load in accordance with Sectig
LEDs or CFLs, LED drivers, or oth
according to 73.11.

turn a television receiver on and off, and marked in accordance with 73.25, the number of test

bad.

bntrols the power to a resistance heating element used for comfort heating, and is contrelled by
bquired by the end product standard.

ially available capacitors. The available test current at the test terminals shalljetbe less than
rating of the capacitors, whichever is greater. The available current capacityis/able to be
h.

47 VAC intended to control electronic fluorescent ballast, self-ballasted LED or CFL, LED

Citive load characteristics up to 16 amps of steady state current shall be endurance tested using
n 69. Alternately, they may be tested on the specific model electronic ballast(s), self-ballasted
ler similar loads with capacitive load characteristics they are intended to control and marked

Table 48.2
Test Cycle for Motor Controllers
Test current Time on? Maximum time off
Type of controller amperes second seconds
Non-reversing Less than 200 1/2 1/2
200 —499 1 1
500 - 1499 1 120
1500 or fmore 1 240
Reversing Less\than 200 1/2 forward 1
1/2 reverse
200 - 499 1 forward 2
1 reverse
oUU — 1499 I Torward 12U
1 reverse
1500 or more 1 forward 240
1 reverse

2 Or as noted in Exception Nos. 1 and 2 to 47.12.

484
number of 500-watt lamps,

If tungsten-filament lamps are used as the load, the load is to be made up of the smallest possible

or of larger lamps if agreeable to those concerned; except that one or two

lamps smaller than the 500-watt size may be used if necessary to make up the required load.

48.5 With regard to 48.4, the circuit is to be such that the peak value of the inrush current will be reached
in 1/240 of a second after the circuit is closed.



https://ulnorm.com/api/?name=UL 508 2024.pdf

OCTOBER 28, 2024 UL 508 103

48.6 A synthetic load may be used in place of tungsten-filament lamps if it is equivalent to a tungsten-
filament lamp load on the test circuit in question, and the inrush current is at least ten times the normal
current.

48.7 A synthetic load used in place of tungsten-filament lamps may consist of noninductive resistors if
they are connected and controlled so that a portion of the resistance is shunted during the closing of the
switch under test. A synthetic load may also consist of a noninductive resistor or resistors that are
connected in parallel with a capacitor.

49 Endurance Test for Relays for Television Applications

49.1 A relay having contacts connected in the supply circuit to turn a television receiver on and off and
controlling a peak inrush gurrent (rms times 1.414) that exceeds the contact rating of the relay shal
perform acceptably without preakdown when subjected to 25,000 cycles of operation making and breaking
the test loads specified fgr incandescent lamp control (tungsten) in Table 48.1 at the test potentia
specified for the endurance ftest in Table 44.2.

49.2 The conditions for the endurance test shall be the same as those specified for theqyerload test in
47.1 —47.16.

49.3 Arelay tested in accqrdance with 49.1 and 49.2 shall be marked as specified\in 73.25.
50 Calibration Test

50.1 These requirements|apply to an overload relay, or industrial*Centrol equipment incorporating arn
overload relay.

50.2 When tested at an ambient temperature of 40 °C (104 .°F), an overload relay shall operate:
a) Ultimately when cprrying 100 percent of the curtent element rated tripping current;
b) Within 8 minutes when carrying 200 percentof the current element rated tripping current; and
c¢) Within:
1) 20 secondg when carrying 600 percent of the current element rated tripping current; or

2) The time specified’in Table 50.1 if marked in accordance with 73.41.

T 501
Marking Designation for Tripping Timeag:eﬁoo Percent of the Current Element Rating
Class designation® Trig:;rcl’g (tlisme
Class 10 10
Class 20° 20
Class 30 30

@ Class designations in excess of 30 seconds may be used, with the tripping time in seconds equal to the numerical class marking.

b Class 20 need not be marked.

50.3 The test sequence for an overload relay with respect to 50.2 is to be the test in 50.2(c), followed by
the test in 50.2(b), followed by the test in 50.2(a), all conducted on the same overload relay. If a relay
employs interchangeable type current elements, the tests are to be conducted on the same current
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elements. The overload relay and the current elements are to be cooled to ambient temperature between
tests.

50.4 An overload relay mounted in a starter or other enclosure is to be tested with the enclosure in the
40 °C (104 °F) ambient.

Exception: Solid state overload relays are not required to be tested in a 40 °C (104 °F) ambient.

50.5 An adjustable overload relay is to be set at the 100 percent mark on the calibration scale and
subjected to the tests specified in 50.2. The relay is also to be tested carrying a current of 200 percent of
the current element rating, at the high and low points of the operating range — such as 120 and 80 percent
of the element rating — to determine that the times of operation will be consistently longer and shorter,

respectively, than the operat

50.6 If an adjustable rela
requirements in 50.2 for eacl

50.7 In lieu of tests at 40
provided with an ambient-c
ambient temperature of 25
maximum ambient temperat

50.8 The overload relay or
wire attached to each field-v
conductor is connected betw
percent of the maximum fu
determined in accordance w
The type of insulation is nof
marked in accordance with 2

50.9 The overload relay o
two current elements in the g
with three current elements i

Exception: An electronic ove
at 600 percent and 200 perc
and 200 percent are to be cd

50.10 The overload relay

ng time at the 100 percent setting.

y covers several tripping current ratings, the relay shall comply with™the
N separate rating.

°C (104 °F) ambient, an ambient-compensated overload relay or a starter
pmpensated overload relay is to be subjected to those tests in 50.2 in an
°C (77 °F) and also in an ambient temperature of 50°C (122 °F) or the
re rating of the device, whichever is higher.

a starter provided with an overload relay is to be tested with 4 feet (1.2 m) of|
viring terminal. For example 8 feet (2.4 m) of conductor is required when the
een two field-wiring terminals. The wire is\to'have the ampacity of at least 125
ll-load motor-current rating of the current element. The wire size is to be
th Table 45.3 based on the wire temperature rating marked on the equipment.
specified. If the terminal will not receive that size of wire, or if the device is
6.5.3 to limit the size of wires, the-maximum allowable wire size is to be used.

relays in a starter intended for polyphase use are to be calibrated with only
ircuit during 600 and 200 percent calibration tests to cover single-phasing and
h the circuit during 400 percent tests.

rload relay that-offers loss of phase protection is not required to be calibrated
bnt in the single phase mode. For this type of function, the tests at 600 percent
nducted-inthe three phase mode.

in“avstarter employing one current element for single-phase use is to be

ant in olrorat A ey o 4o Thoa ~AvarlaaAd eralaoy, Ar palovc n o oto ety

calibrated with one current eler

thao W7
T e~ o oUr OaTig—ai t(CotST e oveoadToray O roiay s i o otartcl

employing two current elements for single-phase use are to be calibrated with two current elements in the

circuit during all tests.

50.11

A separate overload relay — one not furnished as part of a starter — having two or more current

elements is to be calibrated with one element in the circuit during all tests unless provided with marking to

indicate other connection.

51 Dielectric Voltage-Withstand Test

51.1 General

51.1.1

While at its maximum normal operating temperature, industrial control equipment shall withstand

for 1 minute without breakdown the application of a 60 hertz essentially sinusoidal potential or a direct-

current potential:
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a) Between uninsulated live parts and the enclosure with the contacts open and closed;
b) Between terminals of opposite polarity with the contacts closed; and

c) Between uninsulated live parts of different circuits.

51.1.2 With respect to 51.1.1, the test potential shall be the following values for testing an alternating-
current rated device using an alternating-current supply, or 1.414 times the following values for testing an
alternating-current rated device using a direct-current supply, or the following values for testing a direct-
current rated device using a direct-current supply, or 0.707 times the following values for testing a direct-
current rated device using an alternating-current supply:

a) 500 volts — For industrial control equipment rated not more than 50 volts;

b) 1000 volts plus tw
51 - 600 volts

ice the rated voltage of the equipment — For industrial control equipment-rateg

c) 1000 volts — For
pollution degree 2 lo

industrial control equipment rated 51 — 250 volts and intended for use in &
Cation; or

d) 2000 volts plus 2.
1500 volts.

P5 times maximum rated voltage — For Industrial control equipment rated 601 -

51.1.3 A transformer, a cq
opposite polarity is to be dis

51.1.4 If the equipment h
dielectric voltage-withstand
separately for dielectric va
ammeter, and 1000 volts p
circuit.

51.1.5 To determine whet
51.1.4, it is to be tested by
of which is essentially sinus
the required value at a su

correctly indicated by a voltmeter.

Exception: A 500 volt-amg
provided with a voltmeter th

il, an electronic part, or a similar device normally connected between lines o
connected from one side of the line during thedest described in 51.1.1(b).

as a meter or meters, they are to be disconnected from the circuit for thg
test described in 51.1.1 and 51.1.2.-The meter or meters are to be testeq
ltage withstand, with an applied petential of 1000 volts in the case of an
us twice rated voltage in the case of any other instrument having a potentia

ner industrial control equipment complies with the requirements in 51.1.1 ang
means of a 500 volt<ampere or larger capacity transformer, the output voltage
oidal and can be~varied. The applied potential is to be increased from zero tq
pstantially uniform”rate and as rapidly as is consistent with its value being

ere orMarger capacity transformer need not be used if the transformer i4
at directly measures the applied output potential.

51.2 Coils

51.2.1 A coil assembly that complies with the construction requirements in 37.19 shall be subjected to
the tests described in 51.2.2 — 51.2.5. There shall be no breakdown of the coil assembly during these
tests.

51.2.2 Three separate samples of the assembly of coil and frame shall be subjected to this test after
constant temperatures have been reached as the result of operation under the conditions specified in 45.5
— 45.11. While heated from the normal temperature test, the coil terminals are to be connected to an
alternating current source of twice the normal rated voltage at any frequency up to 400 hertz.

51.2.3 The required test voltage specified in 51.2.2 is to be obtained by starting at one-quarter or less of
the full rated value and increasing to twice full rated value in not more than 15 seconds. After being held
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for 7200 electrical cycles or for 60 seconds, whichever is less, the voltage is to be reduced within 5
seconds to one-quarter or less of the maximum rated value and the circuit is to be opened.

51.2.4 While heated following operation at 110 percent of its rated voltage, each of the three samples are
to be subjected to the test described in 51.2.2 and 51.2.3, except that the test voltage is to be 130 percent
of the temperature test voltage.

51.2.5 If the temperature that a coil winding reaches in the tests described in 51.2.2 and 51.24, is
known, an oven that can be set at the required temperature may be used to condition the sample to that

temperature before conducting the test.

51.3

51.3.1

Secondary circuits

A secondary circuit

requirements in 51.1.1 — 51.]

Exception: A secondary cin
required to have a dielectric

51.3.2 With respect to 39.1

a) The first sample is
wide. This may be

diameter hole at the

parts on the opposits
opposite polarity pa
dielectric breakdowr
increasing voltage (5

b) The second samp
hertz voltage until 1
breakdown voltage d
sample is to be furth
acceptable if there is

intended for use in a pollution degree 2 location shall also comply with, the
p.5.

Cuit that has a maximum voltage of 30 volts rms or 42.4 volts’peak is not
Voltage-withstand test applied between the secondary voltage~and ground.

, a clamped joint between two insulators is to be testedrusing two samples.

to have the clamped joint opened up to produce<a space 1/8 inch (3.2 mm)
accomplished by loosening the clamping means or by drilling a 1/8 inch
oint between the insulators at a point of minimum spacing between the metal

sides of the joint. The drilled hole shall net-decrease spacings between the
ts as measured through the crack between the insulators. The 60 hertz

voltage through this hole is then; determined by applying a gradually
DO volts per second) until breakdown occurs.

e with the clamped joint intact_is'to be subjected to a gradually increasing 60
0 percent of the breakdewn' voltage of 51.3.2(a) has been reached. If the
f 51.3.2(a) was less than4600 volts rms, the voltage applied to the second
er increased to 5000 velts rms and held for 1 second. The clamped joint is
no dielectric breakdewn of the second sample.

52 Short Circuit Test — Ge¢neral

52.1

52.1.1

General

The requirements i

h ‘this section shall be used in conjunction with Section 53, Standard Fault

Current Circuits, Section 54, High Available Fault Current Circuits (Optional), Section 55, Group
Installation (Optional), Section 56, Standard and High Fault Acceptance Criteria, and Section 57,
Calibration of Test Circuits.

52.1.2 The requirements for device performance of Section 44, General, are to be applied.

52.1.3 A short circuit test is to be conducted on:

a) A motor control device that is rated more than 1 hp (746 W) at voltages greater than 300 V or
more than 2 hp (1492 W) at all voltages;

b) A starter;

c) An overload relay;
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d) Industrial control equipment incorporating an overload relay;
e) Combination motor controllers; and

f) Bus bar systems.

Exception: Short circuit tests on a motor control device rated more than 1 horsepower (746 W) at voltages
greater than 300 V or more than 2 horsepower (1492 W output) at all voltages and marked for use only
with specific overload relays are able to be performed with the motor control device installed as part of a
starter. A marking shall be provided as specified in 73.33.

52.1.4 Motor control devices, overload relays, and starters are subjected to separate short circuit test

while protected by fuses
subjected to the short circui

(I H ' H HR Il o lors 'y " Fu |
paliu Uy all MIvVETST=UITIC  UITUVUIL UTTARTI. UUITIUITTatiulT TTTOtUTN CUTTUHUINTTS  dl'g

test with the short circuit protective devices provided in the equipment.

Exception No. 1: When equipment is marked to limit protection to fuses only as specified in thecExceptior

to 73.3, the equipment is sy

Exception No. 2: Testing v
through energy (I°t) and pea
the fuse with which the prod

Exception No. 3: A test p
device in series, covers the
protective devices is less th

52.1.5 After each operatio
may be replaced and new d
be used provided that

noninterchangeable current

52.1.6 If the marked rating
rating does not exclude on
determined. The ac rating
accordance with 57.3.

52.1.7 A feeder bus bar
multiple branch circuits sha

pjected to the test while protected by fuses.

ith inverse-time circuit breakers is not required when it is shown that the let
k let-through current (1,) of the inverse-time circuit breakers\is less than that o
uct has been tested.

brformed on a device for 3 electrical cycles without a short circuit protective
use of fuses and circuit breakers when the cléating time of such branch circui
hn 3 cycles.

n, the contacts of the motor control devices, or the entire motor control device
urrent elements may be installed in\the overload relay. The same sample may
no additional impedance is _introduced. If an overload relay employs
elements, the entire overloadrelay may be replaced.

of the equipment includes both alternating and direct current, or if the markeg
e or the other, the tacceptability of the equipment for both ratings is to be
is to be verified (iny'accordance with 57.2. The dc rating is to be verified i

system _of{accessory components providing a common line connection fo
I comply-with the short circuit test in UL 845. When the bus bar is intended tq

be supported solely by ter

inal connections to specific components, the withstand test of the bus ba

F

structure alone is not required. Short circuit testing of the assembly (bus bar and components) ig
conducted per the requirements in this section. The products are marked in accordance with Section 76.

52.1.8 A branch circuit bus bar system of accessory components providing a common line side
connection for multiple motor circuits within a branch circuit, a group installation, shall comply with the
group installation short circuit test. The load side devices shall be selected having an ampere rating equal
to the ampere rating of the bus bar or the highest ratings specified by the manufacturer. The products are
marked in accordance with Section 76.

52.1.9 In choosing representative samples of bus bars, the following factors are to be evaluated:
a) Bracing structure, when different, for each rating;
b) Material and cross-sectional configuration of each bus-bar structure;

c) Weakest bus-bar structure that could result in bus-bar distortion;
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d) Strongest bus-bar structure that will transmit the maximum forces to the bracing; and

e) Various incoming bus and terminal configurations provided.
52.2 Enclosure

52.2.1 For open-type equipment, a metal enclosure shall be used and shall comply with the
requirements of 44.6 (a) — (d) and Table 7.1 and Table 7.2 (for the thickness of the enclosure) and 52.2.2 —
52.2.5.

52.2.2 Openings may be provided in any enclosure if the combined area of all openings does not exceed
10 percent of the total external enclosure area and if no opening is directly opposite a vent in a circuit
breaker case, if provided with a circuit breaker.

52.2.3 An enclosure having the smallest dimensions and the least provision for pressure relief is to be
selected.

52.2.4 The enclosure cover is to be held closed only by the intended latch mechanism and securement
means.

52.2.5 An enclosure for testing of open-type equipment provided with a door,shall be secured by one
latch point when less than 48 inches (1.2 m) long, or shall comply with the reqdirement of 7.4.4 when over
48 inches (1.2 m) long.

Exception: Additional latching points are able to be used when information is provided to the user in the
form of an instruction sheet.

52.2.6 For enclosed equipment, the intended enclosure shall be used or, when multiple enclosure
options are provided, represgntative enclosures shall be selécted as specified in 52.2.3.

52.2.7 Short circuit tests performed on a vacuum ¢ontactor are able to be tested without an enclosure,
when a wire cage covered with surgical cotton® surrounds the equipment in close proximity to the
equipment under test to simdilate the intended enclosure.

52.3 Sample preparation

52.3.1 The equipment is t@ be tested with 4 feet (1.2 m) of wire attached to each line terminal and with
the wires routed through a 10 — 12%inch (250 — 305 mm) length of conduit installed on the enclosure. All
openings are to be acceptgbly\closed. The wire is to have an ampacity of at least 125 percent of the
maximum full-load motor-curremntTating—of thecurrent etement—Thewire size isto be determimed—in
accordance with Table 45.3 based on the wire temperature rating marked on the equipment. If the terminal
will not receive that size of wire, or if the equipment is marked in accordance with 26.5.3 to limit the size of
wires, the maximum allowable wire size is to be used. The load terminals are to be shorted together, using
wire sized in the same manner as the line terminals.

Exception No. 1: The test wires may exceed 4 feet in length in accordance with 57.2.1.2.

Exception No. 2: For motor control devices rated more than 200 horsepower (150 kW), the line and load
connections may be made with bus bars equivalent in cross-sectional area to the wires specified.

52.3.2 The metal enclosure is to be connected to the phase of the source of supply which is connected to
the pole judged as having the least risk of arcing to ground. The connection is to be made to the load side
of the limiting impedance by a 10 AWG (5.3 mm?) solid copper wire that is 4 — 6 feet (1.22 — 1.83 m) long.
Continuity shall be verified between the enclosure and the pole least at risk of arcing to ground.
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Exception No. 1: The connection shall be made with 12 or 14 AWG (3.3 or 2.1 mm?) solid copper wire
when the branch-circuit conductors that the equipment is intended to be connected to are 12 or 14 AWG,
respectively.

Exception No. 2: For equipment marked 600Y/347 or 480Y/277 volts, the enclosure shall be connected to
the center of the wye.

52.3.3 The enclosures may be provided with length(s) of conduit of any convenient trade size.

Exception: If conduit is not provided, the conductors outside the enclosure may be restrained to prevent
whipping during the test.

52.3.4 The armature or crpss bar is to be held in the closed position either mechanically or by a separatg
electrical supply for a magpetically-operated device. The contacts of the motor control devices may. b€
held closed only by the movement of the armature or cross bar.

53 Standard Fault Current Circuits
53.1 Protective devices
53.1.1 General

53.1.1.1 A combination moétor controller, motor control device, or overload relay shall be tested according
to the requirements in this| section and shall additionally comply with>Séction 52, Short Circuit Test S
General.
53.1.1.2 For non-time delay fuses, if the calculated value of the*fuse is between two standard ratings ag
specified in 53.1.2.2, a fuse|of the nearest standard rating but,not more than four times the full-load motor:
current rating is to be used.|If the calculated value of the fuse is less than 1 ampere, a fuse rated 1 amperg

is to be used, and no markirg of fuse size is required on(he product.

53.1.1.3 If the calculated [value of the circuit breaker is between two standard ratings as specified in
53.1.3.2, a circuit breaker of the nearest standard rating less than the calculated value is to be used.

53.1.2 Fuses

53.1.2.1 The fuses used fpr the tests are to be specified by the manufacturer in accordance with Tablg
53.1.

Table 53.1
Ratings of Fuses Used for Tests

Maximum percent of rated )

Type of fuse?® Current, amperes motor full-load current® Fuse size marking required’
Nontime Delay 0-600 400%¢ No
Nontime Delay 0-600 <400 but = 300° Yes
Nontime Delay 0-600 < 300 but > 225f Yes
Time Delay 0-600 <2259 Yes
Nontime Delay 601 —6000 300" No

Table 53.1 Continued on Next Page
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Table 53.1 Continued

Type of fuse®

Maximum percent of rated

motor full-load current® Fuse size marking required’

Current, amperes

Nontime Delay

Time Delay

<300 Yes

2259

601 - 6000

601 -6000 Yes

nontime delay fuses.

¢See 53.1.1.2.

d Tests with 400 percent nontime d

@ Tests with 225 percent full load ampere time delay fuses are not representative of tests with 400 percent full load ampere

® These values are to be used when the manufacturer does not specify fuse sizes and refers to a maximum percent level, such as
"Fuse not to exceed 300 percent of motor full load amps."

elay fuses cover use with 225 percent time delay fuses.

¢ Tests with nontime delay fuses r:
time delay fuses.

f Tests with less than 300 percent
fuses.

9 The product is marked to indicat
delay type.

" When the calculated value of thel
rating and not more than three tim
" The protective device is able to b
indicate this limit of protection.

T When the fuse size employed for

ted less than 400 percent, and equal to or greater than 300 percent cover use with 175 percent

hontime delay fuses requires additional testing with 225 percent (or as marked) time delay

b the level of protection and that the branch-circuit protective device is able to be af.the'time-
fuse is between two standard ratings as specified in 53.1.2.2, a fuse of the nearest standard
bs the full-load motor-current rating is to be used.

b a nontime delay fuse smaller than the size specified in note h when(the product is marked to

the short circuit test requires a marking, the device shall be marked as specified in 73.3.

53.1.2.2 Standard ampere
100, 110, 125, 150, 175, 20
2000, 2500, 3000, 4000, 50(

53.1.2.3 For a combination
with fuses, the protective de

a) When the fuse siz
Class RK5 fuses is ¢
(Class H or K fuses
control device rated 1

b) When the fuse siz
(for example Class C
use of that class of fu

ratings for fuses are 1, 3, 6, 10, 15, 20, 25;:30, 35, 40, 45, 50, 60, 70, 80, 90,
D, 225, 250, 300, 350, 400, 450, 500, 600;'601, 700, 800, 1000, 1200, 1600,
0, and 6000.

motor controller, motor controkdevice, or overload relay intended to be used
ices used for the test are to be-selected as follows:

b is 600 A or less, tests may be conducted with Class RK5 fuses. Testing with
bnsidered representative of tests using Class CC, G, H, K, J, RK1, or T fuses.
are not permittedto be used for motor-branch-circuit protection with a motor|
nore than 50 harsepower (37 kW)).

e is 600 Ador less, tests may be conducted with fuses other than Class RK5
C, G, J{RK1, or T), if the equipment is marked according to 73.3 to require the
se.

oo de 600 A+ $ duectadaaith Clace | fiiona

¢) When the fuse sizé

acha
CTACCTOUS OUU 7Y, (CSto oria TOOCTC O Wit OIlaoSS  TUSCT ST

53.1.2.4 A motor control device with specified protective device ratings above and below 600 amperes is
to be tested with a 600 ampere one-time, nonrenewable fuse at 10,000 amperes and in addition is to be
tested in accordance with 53.3.3.1.

53.1.3 Circuit breakers

53.1.3.1

An inverse-time circuit breaker used for the test described in 53.1.3.3 and Table 53.2 is to be

specified by the manufacturer in accordance with either of the following:

a) The inverse-time circuit breaker shall be rated not more than four times the maximum full-load
motor-current rating for full-load currents of 100 amperes or less or not more than three times the
maximum full-load motor-current rating for full-load currents greater than 100 amperes. When the
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calculated value of the circuit breaker is less than 15 amperes, a circuit breaker rated 15 amperes
is to be used. No marking of the circuit breaker rating is required on the product.

b) The inverse-time circuit breaker is able to have a rating less than that specified in 53.1.3.1(a)
when the product is marked to indicate the limit of protection as specified in 73.3.

Table 53.2

Ratings of Inverse-Time Circuit Breaker Used for Tests

Maximum ratings of inverse-time
circuit breakers used for tests

4 times rated maximum full-load matar

current

3 times rated maximum full-load motor
current

15A

Other ratings less than specified

Maximum full load motor current
Circuit breaker marking requirement rating, amperes
No 100 A orless
No greater than 100 A
No Where calculated value is less(than 15 A
hbove Yes -

53.1.3.2 Standard ampersg
70, 80, 90, 100, 110, 125, 1
1600, 2000, 2500, 3000, 40

53.1.3.3 Short circuit tests
time circuit breaker as the
minimum resistance curren
elements occurs, the test
construction that does not c

53.1.3.4 Aninstantaneous
controller or a self-prote
instantaneous trip circuit br
load current, whichever is Ig

Exception: The device shal
is less, when used as the pn

53.2 Sample selection fgr overload relay

ratings for inverse-time circuit breakers are 15, 20, 25, 30,35, 40, 45, 50, 60
50, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600,/700, 800, 1000, 1200
DO, 5000, and 6000.

on overload relays or devices incorporating amoverload relay with an inverse

protective device are to be conducted on the overload relay having the
t element per size or construction of the current element. If burn-out of the
is repeated with the minimum resistance element in the smallest size o
Quse burnout.

trip circuit breaker provided-as an integral part of a Type D combination moto
cted Type E combinatien’motor controller with an integral adjustable
baker mechanism shall be/adjusted to its maximum setting or 13 times the ful
SS.

be adjusted tolits maximum setting or 17 times the full load current, whichevef
ptection for:high efficiency Design B motors.

53.2.1 A sufficient numbe

of-overload-relay current elements considered to be representative of the lin

are to be subjected to short circuit tests in series with a motor protective device. Representative samples
are to be selected on the basis of configuration, material, and resistance. Samples for the test are to be
selected among motor control devices employing the largest and smallest size current element that may
be used with the protective device specified for the motor control device.

53.2.2 The overload relay is to be tested in the motor control device with which it is intended to be used,
if furnished as part of a motor control device. A shunt or current transformer that is used to reduce the
current in the current element of the overload relay is considered to be a part of the relay for the purpose of
this test.

Exception: Overload relays, supplied by current transformers which limit the current to the relay, do not
have to be subjected to this test, provided that the current is limited to a level which the overload relay has
already been evaluated.
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53.3 Parameters
53.3.1 For all equipment

53.3.1.1 The equipment is to be subjected to the number and type of operations in accordance with
Table 53.5 and shall comply with Table 56.1. Successive operations are to be conducted by closing the
circuit on the equipment ("O" operation) by means of any appropriate switching device, using random
closing.

53.3.1.2 The test circuit is to be capable of delivering the current specified in Table 53.3 or Table 53.4 for
a given horsepower or full load current rating.
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Table 53.3
Short Circuit Test Current Values for Devices Rated 600 Volts or Less
Maximum Equivalent motor full load current, amperes maximum
horsepower| Number of

rating, hp®[  phases 110-120V 200V 208V 220-240V | 380-415V | 440-480V | 550-600V | Testcurrent® | Power factor

0-1 1 16° 9.2° 8.8° 8.0° 5.1° 4.0° 3.2° 1000 0.7-0.8

over1-2 1 24° 13.8° 13.2° 12.0° 7.7 6.0 4.8 5000 0.7-0.8

over 2 —-50 1 - - - 216 139 108 86 5000 0.7-0.8

0-1 3 8.4° 4.8° 4.6° 4.2° 2.3° 2.1° 1.7° 1,000 0.7-0.8

over1-2 3 13.6° 7.8° 7.5° 6.8° 4.3 3.4 2.7 5,000 0.7-0.8

over 2 — 50 3 260 156 143 +36 83 65 52 5,000 0.7-0.8

over 50 — 200 3 - 552 528 480 320 240 192 10,000 0.7-0.8
over 200 - 400 3 - - - 954 636 477 382 18,000 0.25-10.30
over 400 — 500 3 - - - 1180 786 590 472 30,000 0.20 or less
over 500 — 600 3 - - - 10,000 LRA - 5,000 LRA 4,000 LRA 30,000 0.20 or less
over 600 — 900 3 - - - 15,000 LRA - 7,500 LRA 6,000 LRA 42,000 0.20 or less
over 900 — 1600 3 - - - 26,800 LRA - 13,400 LRA 10,720 LRA 85,000 0.20 or less
over 1600 3 - - - more than - more than more than 100,000 0.20 or less

26,800 LRA 13,400 LRA 10,720 LRA

NOTE - LRA is Locked Rotor Amperes.

@ Symmetrical rms amperes.
® Applies only to overload relays,

¢ For equipment that is not rated i
the equipment at the voltage(s) in

tarters, combination motor controllers, and equipmenit provided with an overload relay.

horsepower, the test current shall correspond to'the smallest equivalent motor current in the table
olved.

that is equal to or greater than the rated current of
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Table 53.4
Short Circuit Test Values for Devices Rated 601 — 1500 Volts
Full load current, amperes Test current, symmetrical rms Power factor
amperes

0-50 5,000 0.7-0.8

51-200 10,000 0.7-0.8
201-400 18,000 0.25-0.3
401-600 30,000 0.20 or less
601 -850 42,000 0.20 or less
851 -1500 85,000 0.20 or less
1501 or more 100,000 0.20 or less

53.3.1.3 Fuses and circuit
conductor between the bran

(1.2 m) length as described i

breakers used as main devices need not be mounted in an enclosure: The
ch circuit protection and the motor control device shall be included in\the 4 foot
n 52.3.2.

53.3.2 Provided with fusgs — equipment rated 200 hp or less

53.3.2.1 Short circuit tests
kW) are to be in accordance

a) On a single-phas

operations for each ¢

with fuses on a device having a rating not greater than 200 horsepower (150
with (a), (b), or (c), as follows:

B circuit with two poles and one current element in the circuit — three test
urrent element selected;

b) If rated single-phase only and provided with two current elements — three test operations for|

each current elemen
the circuit; or

c) If rated 3-phase -

three poles and threg

53.3.2.2 The poles — cont3
number of tests have been
equipment due to contact ar
intermediate as well as the h

53.3.3 Provided with circ

53.3.3.1 Short circuit tests

selected on a single-phase circuit-with two poles and two current elements in

wo test operations for each.eurrent element selected on a 3-phase circuit with
current elements.

cts — referred to(iny53.3.2.1 may be omitted from the circuit after a sufficient
conducted to 'determine that subsequent malfunction or breakdown of the
Cing is unlikely: Consideration is to be given to contact arcing while testing the
igher-ratédcurrent elements.

Lit.breaker — equipment rated 200 hp or less

on a device having a maximum rating of 200 horsepower (150 kW) or less

with an inverse-time or instantaneous-trip circuit breaker are to consist of:

a) Two operations on

a 3-phase circuit with three poles and three overload relays in the circuit for a

device having three or more poles.

b) For a product rated single phase only:

1) Two poles and two overload relays are to be used if overload relays are provided in each

conductor to t

he motor and

2) Two poles and one overload relay are to be used for other arrangements.
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53.3.4 For equipment rated over 200 hp

53.3.4.1 Short-circuit tests on a device having a maximum rating in excess of 200 horsepower (150 kW)
are to consist of one test operation on a 3-phase circuit, with three poles and three overload relays in the
circuit. The tests are to be performed with protective devices selected in accordance with either note (h) or
(i) of Table 53.1 or 53.1.3.1 (a) or (b). If an inverse-time circuit breaker is adjustable, it is to be set at the
maximum tripping time unless the product is marked to indicate a limit of protection. A product not
provided with three overload relays is to be tested with three poles and two overload relays in the circuit.

Exception: The test may be performed for a period of time at least equivalent to the opening time of the
protective device specified on the motor control device at the required level of test current.

53.3.4.2 The number of tgst operations for each current element selected is to be as specified in Tablg
53.5.

Table 53.5
Required Number of Test Operations
Type of branch circuit protection
Rating Number of Number of and number of poles provided
poles for a current Number Ofb
Horsepower (kW) device elements? Fuse Circuit breaker | operations
1 phase, single 1 1 single pole 3"0"
pole inverse-time operations
1 phase, 2 2 2 2 pole inverse- 3"0"
0-200 (0-149) poles time operations
3 phase, 3 3 3 3 pole inverse- 2"0"
poles time operations
201 -1600 (150 — 1193 3 phase, 3 3 3 3 pole inverse- 1 "O" operation
poles time

@ Applies to devices provided with or incorporating a thermal overload relay. See 53.3.2.1, 53.3.3.1, and 53.3.4.1.

b Number of operations for each durrent element selected, when\dévice is provided with or incorporates thermal overload relays.

54 High-Available Fault Current Circuits (Optional)

54.1 General

54.1.1 The optional requitrements’in this section cover combination motor controllers and motor contro
devices with or without oveflead relays for use on circuits having available short circuit currents in excesg
of the minimum levels specified in Table 53.3, and not more than 200,000 amperes rms symmetrical. Fo
other than a combination motor controller with integral protective devices, the specific type of protective
device shall be specified for the product and marked as specified in 73.3. The test current levels shall be
one of the values given in Table 54.1.

Table 54.1
High Available Fault Current — Short Circuit Test Current Values RMS Symmetrical or DC Amperes
7,500 25,000 65,000
10,000 30,000 85,000
14,000 35,000 100,000

Table 54.1 Continued on Next Page
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Table 54.1 Continued

18,000 42,000 125,000
20,000 50,000 150,000
22,000 - 200,000

54.1.2 Combination motor

controllers and motor control devices with or without overload relays shall

additionally comply with Section 53, Standard Fault Current Circuits, which is able to be conducted on a

separate set of samples.

54.2 Sample selection

54.2.1 Overload relay

54211
smallest size current eleme
device.

54.2.1.2 The maximum nu
in place during each test. Th
same design.

54.2.2 Protective devices

54.2.2.1 For a motor cont
protective devices used for {
follows:

a) A circuit breaker
representative of all

interrupting rating of
motor control device.

Exception: A circuit b
is evaluated and sub|

b) For noncombina
commercially availab
with respect to let-thr

Samples for the t¢st are to be selected among motor control devices employing the largest and

nt that may be used with the protective device specified for the meotor control

mber of current elements that can be accommodated by the device are to be
ree-phase tests are considered to cover single-phase-tests for a device of the

rol device or overload relay intended.to be used with circuit breakers, the
he test are to be sized in accordance/with 53.1.3.1 and are to be selected as

installed within a combination motor control device is considered to be
bther breakers of the same manufacturer, rating, and frame construction. The
he circuit breaker is to be-at least the marked short-circuit current rating of the

reaker with a lower interrupting rating is able to be used when the combination
ected to the appropriate requirements of UL 489.

ion controllers, the circuit breaker to be used is to be selected from
le units*of the molded-case type having essentially the same characteristics

bugh(1’t) and peak let-through current (Ip) and current-limiting features.

c) For circuit breakers with current limiters provided as part of the control device, the current limiter

shall be selected sucl

h that when tested on a single-phase circuit, the peak let-through current and

a clearing I°t are not less than the maximum value established for the current limiter intended to be
used with the motor control device being tested.

d) For instantaneous
than 13 times the ful
with high-efficiency D

Exception: Combination moti

circuit breaker, they shall be adjusted to their maximum setting and no more
| load current or 17 times the full load current for controllers marked for use
esign B motors.

or controller self-protecting control devices are provided with integral short-

circuit and ground-fault protection.

54.2.2.2 For a motor contr

devices used for the test are

ol device or overload relay intended to be used with fuses, the protective
to be sized in accordance with 53.1.2.1 and are to be selected as follows:
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a) Fuses specified

for branch-circuit protection for motor control devices rated over 10,000

amperes shall be limited to high-interrupting capacity, current-limiting types — for example, Class
CC,G,J,L,R,and T.

Exception: A motor

control device rated 50 horsepower (37 kW) or less and tested at 10,000

amperes, is able to specify Class H or K fuses for motor-branch-circuit protection.

b) A motor control d

evice that is required to be used with RK1 or RKS5 fuses is to be tested with

fuses having I°t and I, characteristics for Class RKS5 fuses. All references to Class R fuses are
intended to mean fuses with energy let-through (It), characteristics of Class RKS5 fuses.

Exception: A motor control device that is marked to restrict its use to RK1 fuses is able to be tested
with fuses having energy let-through characteristics of a Class RK1 fuse.

c) A Class CC, G, J
when tested on a sin
the maximum value
circuit protector ratin
and It limits establ
selected to have at
circuit current rating

Exception No. 1: A test limi

Exception No. 2: Combina
short-circuit and ground-fau

54.3 Procedure

54.3.1 A combination mot
tested according to the req
Circuit Test — General. The
a copper bar, and the test c
at the maximum available s

54.3.2 The test circuitis ta

, L, R, or T fuse, or motor short-circuit protector is to be selected such(that
gle-phase circuit, the peak let-through current and clearing It are not less-thar
bstablished for the fuse — see the UL 248 series of standards — or motor short
g that is intended to be used with the controller being tested. Fora:fuse with |
shed for several different short-circuit current levels, the test fuse is to bg
east the maximum values of the current corresponding to the ‘marked short
pf the motor control device.

er is able to be used in place of the fuses.

tion motor controller self-protecting control dévices are provided with integra
t protection.

or controller or motor control device with or without overload relays shall bg
Lirements in this section and\shall additionally comply with Section 52, Shor
erminals of the test circuit'described in 52.3.1 are to be connected together by
rcuit is to be calibrated as‘described in Section 57, Calibration of Test Circuits
nort circuit current forwhich the motor control device is rated.

have the characteristics specified in Table 54.2.

Table 54.2
High-Capac](y Short Circuit Test Values for Devices Rated 600 V or Less
Test current, amperes® Power factor®
10,000 amperes or less 0.70-0.80
10,001 — 20,000 0.25-0.30
Greater than 20, 000 0.15-0.20

@ Symmetrical rms amperes

® Lower power factor circuits than

specified may be used.

54.3.3 For the short-circuit-closing test (“CO” shot), each switching device of the motor control device is
closed on the test circuit. This requires separate tests for each switching device, as specified in Table 54.3:
one in which the disconnecting means, when provided, is closed on the circuit, and a second in which the
contactor is closed on the circuit. Complete physical closure of the switching contacts is not required to be

established. When complet
the disconnecting means is

e physical closure of the switching contact is established, the closing test on
able to cover the withstand test (“O” shot) on the motor control device and the


https://ulnorm.com/api/?name=UL 508 2024.pdf

118 UL 508 OCTOBER 28, 2024

closing test on the motor control device is able to cover the withstand test on the disconnecting means. To
determine whether complete physical closure of the contacts has occurred, the oscillogram of the short
circuit current and voltage traces are reviewed between circuit initiation and current interruption by the
protective device. A smooth sinusoidal waveform in this area of the trace is an indication of complete
physical closure.

Table 54.3
Required Number of Test Operations
Disconnecting means provided Type of test Number of test operations
Yes Disconnecting means closed on the 1ab
b;l Uult ("CC" Ohut)
Yes Motor control device closed on the circuit 12
("CQO" shot)
Yes Circuit closed on equipment ("O" shot) 1
No Motor control device closed on the circuit 1
("CQO" shot)
No Circuit closed on equipment ("O" shot) 1€

2 If complete physical closure of the switching contact is established during closing tests ("CO" shots), the Withstand test ("O" shot)
is not required.

® When a motor control device anq its control circuit are supplied from the same source (common control), the closing test on the
disconnect switch is not required.

¢ When a stand-alone overload relpy is subjected to this test, the overload relay shall be subjected to two “O” shots closing the
circuit on the equipment under tes}.

54.3.4 The equipment is tq be subjected to the number and type of operations in accordance with Table
54.3 and shall comply with Table 56.1. Successive operations on+a motor control device or overload relay
without a disconnecting mepns are to be conducted by alternating closing the equipment on the circuit
("CO" operation) and closing the circuit on the equipment\("*O" shot), using random closing.

54.3.5 When closing the cjrcuit on the equipment (*©" shot), the disconnecting means, when provided,
and the motor control devicq are to be in the fully\elosed position. When manual motor control devices are
to be closed onto the test cifcuit ("CO" shot),(they are to be operated in a manner that would normally be
anticipated in service (i.e., in a continuous, ‘uniform movement of the operating handle from the "off" to the
"on" position).

55 Group Installation (Optional)

55.1 General

55.1.1 A motor control device or overload relay intended for group installation at standard fault currents
shall be tested in accordance with 55.2 and 55.3 and shall also comply with the short circuit test
requirements in Section 53, Standard Fault Current Circuits, conducted on a separate set of samples. A
motor control device or overload relay intended for group installation at high fault currents shall be tested
in accordance with 55.2, 55.3, and 55.4. All devices for group installation according to 55.1.2 shall be
marked in accordance with 73.4. All devices for group installation as described in 55.1.3 shall be marked
in accordance with 73.5 and 73.6.

55.1.2 The requirements in this section cover a motor control device or overload relay:

a) For use on circuits having available short circuit currents at standard fault levels or at high fault
levels; and
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b) Protected by a cir
more motors, or one

cuit breaker or fuse(s), intended to provide branch circuit protection for two or
or more motors and other loads. The protective device(s) shall be selected in

accordance with 53.1, except the current rating of the protective device is not limited to those

values specified in Table 53.1 or Table 53.2. The maximum size of the branch circuit protective

device shall not exceed the ampere rating calculated from the following formula:

Amperes =

in which:

[9.6 x (maxinnmm wire size)] — [2.2 x (mininuwan motor FLA)]

Maximum wire size is the ampacity from Table 45.3 of the largest conductor size for which
the device terminals have been evaluated; and

Minimum mo
per Table 47.

55.1.3 When intended fof

previously found suitable fg
installation requirements in
controller. No additional ove

55.2 Sample selection

55.2.1 A sample of a mot
sample of a three phase
Standard shall be subjected

a) A nonrenewable
rating with which th

specified in 55.1.2(b);

b) A manual motor ¢
55.2.2 Samples of overlog
55.2.3 Samples of overlod
55.3 Group installation f

55.3.1 A motor control de

for FLA is the smallest rated FLA (or equivalent FLA from horsepower rating
P) marked on the device.

installation on the load side of a manual motor controller that\has beer
r tap conductor protection, a motor controller is able to be evaluated to group
this section while installed on the load side of the specifiedvmanual moto
rcurrent protective devices are included in the test circuit.

pr control device, three samples of an overload yelay current element, or ong
bverload relay that complies in all other respects with requirements in this
to short circuit tests. The device is to be eonnected in series with either:

cartridge fuse(s) or an inverse-time. @ircuit breaker of the maximum standarg
e motor control device or element’is intended to be used and not more thar
or

bntroller suitable for tap condUctor protection as in 55.1.3.
d relays shall be selected in accordance with 53.2 for standard fault ratings.
d relays are tQ be selected in accordance with 54.2.1.1 for high fault ratings.

pr standard fault circuit ratings

vice ‘or overload relay having short circuit ratings at levels specified in Tablg

53.3 shall comply with Tabl

56. twhen subjected to a shortTircuit testadescribed i 55.3.2.

55.3.2 The requirements in 53.3 are to be applied, and the test circuit is to be calibrated as described in
Section 57, Calibration of Test Circuits, at the standard available short circuit current for which the motor
control device or overload relay is rated.

55.4 Group installation for high capacity short circuit ratings

55.4.1

A motor control device or overload relay having short circuit ratings in excess of the levels

specified in Table 53.3 shall comply with Table 56.1 when subjected to a short circuit test described in

55.4.2.
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55.4.2 The requirements in 54.3 are to be applied and the test circuit is to be calibrated as described in
Section 57, Calibration of Test Circuits, at the maximum available short circuit current for which the motor
control device or overload relay is rated.

56 Standard and High Fault Acceptance Criteria

56.1 After the protective device or the motor control device has cleared the fault, an overload relay,
industrial control equipment incorporating an overload relay, a starter, a combination motor controller, or a
motor control device shall comply with Table 56.1.

Table 56.1
Mar B Criteri
Produgct Damage criteria reference
Motor control device a—f
Starter, industrial control equipmeft incorporating an overload a-g
relay
All devices

a) The solid AWG wire connected

b) The door or cover shall not be Q
enclosure occurs, all resulting ope
operating conditions.

c) There shall be no damage to a
shall be no damage to bus bars, tH
shifting or pullout of bus bars from

d) There shall be no breakage or g
impaired.

e) Discharge of parts or any risk o
Motor control devices

f) The load switching function of th
motor control device are able to w

Overload relays

g) When burnout of the current elg
and the test shall be repeated with

petween the live pole and the enclosure shall not open.

lown open, and it shall be possible to open the door or cover. Whén deformation of the
hings in the enclosure shall comply with 7.17.1 for accessibility of live parts under normal

onductor or terminal connector and no conductor shall pull*out of a terminal connector. There
eir insulators and connectors, including stab-in assemblies, and there shall be no evidence of
their mounting means or at terminals.

racking of insulating bases to the extent that.the integrity of the mounting of live parts is

a fire shall not occur.

e motor control device is able to be inoperative at the conclusion of the test. The contacts of the
bld or completely disintegrate.

ment of a mechanicaljoverload relay occurs, the device shall be marked as specified in 75.7
the minimum resistance element in the smallest size or construction that does not burn out.

57 Calibration of Test Cir,

Cuits

57.1 Circuit characteristi

57.1.1

LS

Equipment rated for direct current is to be tested using a direct current electrical source;

alternating-current equipment is to be tested on a 60-hertz essentially sinusoidal current electrical source.
The open-circuit voltage of the test circuit is to be 100 to 105 percent of the voltage rating of the overload
relay, except that the voltage may exceed 105 percent of the rated voltage with the concurrence of those
concerned. The test circuit is to be capable of delivering the specified current when the system is short-
circuited at the testing terminals to which the device under test is to be connected, and this is to be verified
by means of an oscillograph.

57.1.2 For available fault current circuits, air core type reactors are to be employed in the line to obtain
the power factor in accordance with Table 53.5. The reactors may be connected in parallel, but no reactor
is to be connected in parallel with a resistor; except that a reactor in any phase may be shunted by a
resistor if the power consumed by the resistor is in the range between 0.55 — 0.65 percent of the reactive
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volt-amperes in the reactor in that phase. The minimum value of the shunting resistance used with a
reactor having negligible resistance is to be calculated from the equation:

E
R=167—
I

in which E is the phase voltage across the reactor with phase current / flowing as determined by
oscillographic measurement during the short circuit calibration or by proportion from meter measurements
at some lower current.

57.2 Alternating-current circuits

57.2.1 General

57.2.1.1 The available cufrent capacity of the circuit is to be at least the value required for the.short
circuit-current rating of the motor control device. The frequency of the test circuit is to be 60 £12-hertz fo
an alternating-current circuifs.

57.2.1.2 The available rm$ symmetrical current is to be determined at the device terminals.

Exception No. 1: For a cirquit rated 25,000 amperes or less, the available curtent may be determined af
the test-station terminals.

Exception No. 2: The avdjlable current may be determined at the test-station terminals if for a circuif
having a maximum availabl¢ short-circuit current:

a) Between 25,001 + 50,000 amperes, the available curfent is determined to be 5 percent highet
than the required tedt current: or

b) Between 50,001 4 200,000 amperes, the available current is determined to be 10 percent highet
than the required tegt current.

If the available current is determined at the test-station terminal and the physical arrangement in the tesf
station requires leads longer than 8 feet (2.4 m) per terminal, the additional length of leads is to be
included in the circuit calibrgtion.

57.2.2 Available current|of 10,000 amperes or less

57.2.2.1 For an alternating-current circuit intended to deliver 10,000 amperes or less, the current ang
power factor are to be determined-as-fottows:

a) For a 3-phase test circuit, the current is to be determined by averaging the rms values of the first
complete cycle of current in each of the three phases; the voltage to neutral is to be used to
determine the power factor.

b) For a single-phase test circuit, the current is to be the rms value of the first complete cycle — see
Figure 57.1 — when the circuit is closed to produce an essentially symmetrical current waveform.
The direct-current component is not to be added to the value obtained when measured as
illustrated. In order to obtain the desired symmetrical waveform of a single-phase test circuit,
controlled closing is recommended although random closing methods may be used. The power
factor is to be determined by referring the open-circuit voltage wave to the two adjacent zero points
at the end half of the first complete current cycle by transposition through a suitable timing wave.
The power factor is to be computed as an average of the values obtained by using these two
current zero points.
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Figure 57.1

Determination of Current and Power Factor for Circuits of 10,000 Amperes and Less

AN AN
4 MV VY iy
[\

TIMING
X[ XA ' Ny [y

-
-

INITIATION OF FAULT

Current k rms calibration of instrument element

a+b
2

Cosine[(Y,+X,) x180°] + Cosine [(Y,+X,) x 180°]

Power Factor = 5

Where Xy, Xp,| Y1, and Y, values of the power factor are fractidns of the 1/2—cycle
distance in whfch they occur.

S07408
57.2.3 Available current of more than 10,000 amperes

57.2.3.1 For circuits intended to deliver more than 40,000 amperes, the current and power factor are to
be determined in accordarjce with the requirements in 57.2.3.2 — 57.2.3.6. Instrumentation used to
measure test circuits of over|10,000 amperes is td.comply with the requirements in 57.4.

57.2.3.2 The rms symmetiical current is to/be determined, with the supply terminals short-circuited by
measuring the alternating-current compenent of the wave at an instant 1/2 cycle — on the basis of the test
frequency timing wave — after the-initiation of the short circuit. The current is to be calculated in
accordance with Figure 7 in |[EEE C37.09-1979(R1989).

57.2.3.3 For a 3-phase tesk circuit, the rms symmetrical current is to be the average of the currents in the
three phases. The rms symmetrical current in any one phase is not to be less than 90 percent of the
required test current.

57.2.3.4 The test circuit and its transients are to be such that 3 cycles after initiation of the short circuit,
the symmetrical alternating component of current will not be less than 90 percent of the symmetrical
alternating component of current at the end of the first 1/2 cycle, or the symmetrical alternating component
of current at the time at which the overcurrent-protective device will interrupt the test circuit is at least 100
percent of the rating for which the motor control device is being tested. In 3-phase circuits, the symmetrical
alternating component of current of all three phases is to be averaged.

57.2.3.5 The power factor is to be determined at an instant 1/2 cycle — on the basis of the test frequency
timing wave — after the short circuit occurs. The total asymmetrical rms amperes are to be measured in
accordance with 57.2.3.2 and the ratio M, or M), is to be calculated as follows:
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Using ratio M, or M,,, the power factor is to be determined from Table 57.1.

M, (3 phase) =

M, (1 phase) =

Av. 3 phases — Asymmetrical RMS Amperes

Av.3 Symmetrical RMS Amperes

Asymmetrical RMS Amperes

Symmetrical RMS Amperes

Table 57.1
Short-Circuit Power Factor
Short-circuit Short-circuit
power factor, power factor,
percent Ratio M,,* Ratio M,® percent Ratio My* RatioM,?

0 1.732 1.394 30 1.130 1:066
1 1.696 1.374 31 1.121 1.062
2 1.66p 1.355 32 1.113 1.057
3 1.630 1.336 33 1.105 1.053
4 1.598 1.318 34 1.098 1.049
5 1.5618 1.301 35 1091 1.046
6 1.540 1.285 36 1.084 1.043
7 1.511 1.270 37 1.078 1.039
8 1.485 1.256 38 1.073 1.036
9 1.460 1.241 39 1.068 1.033
10 1.436 1.229 40 1.062 1.031
11 1.418 1.216 41 1.057 1.028
12 1.391 1.204 42 1.053 1.026
13 1.37R 1.193 43 1.049 1.024
14 1.350 1.182 44 1.045 1.022
15 1.330 1474 45 1.041 1.020
16 1.31R 1161 46 1.038 1.019
17 1.2H 1.152 47 1.034 1.017
18 1.277 1.143 48 1.031 1.016
19 1.262 1.135 49 1.029 1.014
20 1.247 127 50 17026 013
21 1.232 1.119 55 1.015 1.008
22 1.218 1.112 60 1.009 1.004
23 1.205 1.105 65 1.004 1.002
24 1.192 1.099 70 1.002 1.001
25 1.181 1.093 75 1.0008 1.0004
26 1.170 1.087 80 1.0002 1.00005
27 1.159 1.081 85 1.00004 1.00002
28 1.149 1.075 100 1.00000 1.00000
29 1.139 1.070

aSee 57.2.3.5.
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57.2.3.6 The power factor of a 3-phase circuit may be calculated by using controlled closing so that upon
subsequent closings a different phase will be caused to have maximum asymmetrical conditions. The
power factor of each phase could then be determined using the method described for single-phase circuits
in 57.2.3.5. The power factor of the 3-phase circuit is considered to be the average of the power factors of
each of the phases.

57.2.4 Recovery voltage

57.2.4.1 The recovery voltage is to be at least equal to the rated voltage of the motor control device. The
peak value of the recovery voltage within the first complete half cycle after clearing and for the next five
successive peaks is to be at least equal to 1.414 times the rms value of the rated voltage of the motor
control device. Each of the peaks is not to be displaced by more than +10 electrical degrees from the peak
values of the open-circuit re{overy voltage — that is, the displacement of the peak from its normal position

on a sinusoidal wave. The average of the instantaneous values of recovery voltage each of the first’six,

half cycles measured at th
percent of the rms value of {
measured at the 45 degree

45 degree and 135 degree points on the wave is to be not less than 85
he rated voltage of the controller. The instantaneous value of recovery,voltage
and 135 degree points of each of the first six, half cycles is in nocase to be

less than 75 percent of the rins value of the rated voltage of the motor control device.

57.2.4.2 If there is no atte
wave when compared with
employs secondary closing,
57.2.4.1 is not required.

57.3 Direct current circui

57.3.1 An equipment inten
connected so that the framg
point.

57.3.2 Oscillograph recor
characteristics.

57.3.3 For a dc source, th
test circuit is to be determin
shown in Table 57.2.

nuation or phase displacement of the first full cycle of the' recovery voltage
the open-circuit secondary voltage wave before currént flow in a circuit that
the detailed measurement of recovery voltage charsacteristics as indicated in

s
ded for use on a dc system is to bestested with dc and with the equipment
and enclosure will be positive in-potential with regard to the nearest arcing

dings, or an equivalent\method, are to be used to determine circuit

b requirements of 57.3.4 — 57.3.8 are to be applied. The time constant of the
ed by the method shown in Figure 57.2 and is to be no less than the value
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Figure 57.2

Determination of the Short Circuit Test Constant (Oscillographic Method) of Direct-Current Circuits
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@ The value of the time constant is [given by the abscissa OA corresponding to theférdinate 0.632! of the oscillograph of calibration o
the circuit.

Table'57:2
Time Constant.of Test Circuit
Rated interrupting ¢urrent, amperes Minimum time constant, seconds
10,000 gr less 0.003
Over 1(,000 0.008

57.3.4 The dc open circuif voltage measurement mentioned in 57.1.1 is to be made with a voltmeter. In
addition, the open circuit vdltage; as determined by the arithmetic average of the maximum and minimuni
values of the voltage wave read from the oscillograph, is o be within 99 percent and 105 percent of the
rated voltage of the equipment, except that a higher voltage may be used if agreeable to all concerned.

57.3.5 The minimum point on the dc voltage wave is to be no less than 90 percent of the rated voltage of
the equipment.

57.3.6 The available dc capacity of the circuit is to be no less than the value as required for the rating of
the equipment as indicated in Table 53.3 or Table 54.2, as appropriate. The prospective current is to be
determined with the supply terminals short circuited by measuring the maximum displacement on an
oscillogram at a time, after the start of current, of no less than 4 times the required time constant. Any
overshot above time-current curve (exponentional curve) is not to be considered.

57.3.7 The time constant of the circuit is the time measured on the oscillogram where the current is 63.2
percent of the prospective current.
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57.3.8 If the current source has a ripples, measurements are to be made from the midpoint of the ripple.

57.4 Instrumentation for test currents above 10,000 amperes

57.4.1 The galvanometers in a magnetic oscillograph employed for recording voltage and current during
circuit calibration and while testing are to be of a type having a flat (5 percent) frequency response from
50 — 1200 hertz. For fast acting fuses, current limiters, or motor-short-circuit protectors, a galvanometer
may need to have a flat frequency response from 50 — 9000 hertz or an oscilloscope may be needed to
obtain accurate values of peak current, (I,), and energy let-through, (1%).

57.4.2 Galvanometers are to be calibrated as described in 57.4.3 — 57.4.6.

57.4.3 When a shunt is uséd to determine the circuit characteristics, a direct-current calibrating voltagelis

normally used. The voltage
the galvanometer approxima
is connected to the shunt an
to cause the galvanometer
approximately 50 percent 4

indicated above, except that if the anticipated maximum deflection is less than 150 pereent, such as a

symmetrically closed singlg
sensitivity of the galvanom
deflection measured in each
(or millimeter) is obtained by
to be used for the determina

57.4.4 A 60 hertz sine-wa
same general method descr

57.4.5 When a current tran
is to be used to calibrate the

is to result in a deflection of {he galvanometer approximately equivalent to that which is expected when the

same galvanometer is conn

applied to the oscillograph galvanometer circuit is to result in a deflection,of
tely equivalent to that which is expected when the same galvanometer [circuit
H the nominal short-circuit current is flowing. The voltage is to be applied so as
to deflect in both directions. Additional calibrations are to be‘made using
nd approximately 150 percent of the voltage used to obtain.the deflection

-phase circuit, any other suitable calibration point is €0 be chosen. The
eter circuit in volts per inch (or millimeter) is to be{determined from the
case, and the results of the six trials averaged. Thevpeak amperes per inch
dividing the sensitivity by the resistance of the shunt. This multiplying factor is
ion of the rms current as described in 57.2.3.2:

ve potential may be used for calibrating the galvanometer circuit, using the
bed in 57.4.3. The resulting factor is to be multiplied by 1.414.

sformer is used to determine thé-circuit characteristics, an alternating current
galvanometer circuit. The value of current applied to the galvanometer circuit

ected to the secondary‘ef the current transformer and nominal short circuit

current is flowing in the pri

ary. Additional calibrations are to be made at approximately 50 percent and

approximately 150 percent ¢f the current used)to obtain the deflection indicated above except that if the
anticipated maximum deflection is less than_150 percent, such as in a symmetrically closed single-phase
circuit, any other suitable calibration point:is to be chosen. The sensitivity of the galvanometer circuit in
rms amperes per inch (or millimeter)ds to be determined in each case and the results averaged. The
average sensitivity is to be multiplied-by the current-transformer ratio and by 1.414 to obtain peak amperes
per inch. This constant is to be used for the determination of the rms current as described in 57.2.3.2.

57.4.6 All the galvanometer elements employed are to line-up properly in the oscillograph, or the
displacement differences are to be noted and used as needed.

57.4.7 The sensitivity of the galvanometers and the recording speed are to be such that the values of
voltage, current, and power factor can be determined accurately. The recording speed is to be at least 60
inches (1.5 m) per second.

57.4.8 With the test circuit adjusted to provide the specified values of voltage and current and with a
noninductive (coaxial) shunt that has been found acceptable for use as a reference connected into the
circuit, the tests described in 57.4.9 and 57.4.10 are to be conducted to verify the accuracy of the
manufacturer's instrumentation.

57.4.9 With the secondary open-circuited, the transformer is to be energized and the voltage at the test
terminals observed to see if rectification is occurring making the circuit unacceptable for test purposes
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because the voltage and current will not be sinusoidal. Six random closings are to be made to
demonstrate that residual flux in the transformer core will not cause rectification. If testing is done by
closing the secondary circuit, this check can be omitted providing testing is not commenced before the
transformer has been energized for approximately 2 seconds, or longer if an investigation of the test
equipment shows that a longer time is necessary.

57.4.10 With the test terminals connected together by means of a copper bar, a single-phase circuit is to
be closed as nearly as possible at the moment that will produce a current wave with maximum offset. The
short circuit current and voltage are to be recorded. The primary voltage is to be recorded if primary
closing is used. The current measured by the reference shunt is to be within 5 percent of that measured
using the manufacturer's instrumentation and there is to be no measurable variation in phase relationship
between the traces of the same current. Controlled closing is not required for polyphase circuits.

57.4.11 When the verification of the accuracy of the manufacturer's instrumentation is completed;)the
reference coaxial shunt is fo be removed from the circuit. The reference coaxial shunt is not to be-useg
during the final calibration of the test circuit nor during the testing of motor control device.

57.5 Calibration characteristics for protective device

57.5.1 To obtain the required values specified in 54.2.2.2(c), it may be necessafy) to employ a fuse
current limiter, or motor sHort-circuit protector larger than that specified for use{with the device being
tested; or a commercially ayailable test fuse designed and calibrated to exhibit 1?and I, characteristics a
least equal to the maximurp permitted limits for the fuse, current limiter, otsmotor short-circuit protecto
rating. The let-through characteristics are to be determined in accordance‘with 57.4.3 — 57.4.6.

57.5.2 Fuses, current limifers, or motor short-circuit protectors used for tests are to be selected from 3
batch from which two samples have been selected. The value of the |, and [’t determined for the twa
selecte samples is to be efual to or greater than the required‘values. These determinations are to bg
made in accordance with 574.5.3 and 57.5.4.

57.5.3 Figure 57.3 is typigal of oscillograms obtaiped-during the test of a fuse, current limiter, or moto
short-circuit protectors on an alternating-current circuit; and represents a circuit that opened before thg
current could reach its first ajor peak. The peakilet-through current |, is to be determined as illustrated.
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57.5.4 The let-through energy (I’) is to be determined from an oscillogram showing a current trace
during the interruption of the circuit by the fuse, current limiter, or motor short-circuit protectors. The
determination is to be made by the application of Simpson's rule illustrated in Figure 57.4 or the use of an
integrating planimeter.

Figure 57.4

Application of Simpson's Rule to Fuse Current Oscillogram to Obtain Let-Through I?t
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1. Odd numbers of ordinates (n) arf to be chosen evenly spaced (At). The more uneven the curve, the more ordinates.

2. Each ordinate is to be measured, multiplied by ampere scale (indicated by A in this figure), and squared.

3. 2 tis calculated as follows:
Pt=(AU3)[(;2+1,2) + 42 + 1,2+ 1g% . Iy ) + 2052 + 152 + 1,7 . hing) 2)]
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57.5.5 The time base in degrees-per-inch (degrees/cm) is to be determined by averaging the distance,
between zero-line crossover points of the voltage wave or a timing wave, in which the fuse-current trace is
most nearly centered.

58 Transient-Voltage-Surge Suppression Test

58.1 A surge-controlled circuit as specified in 37.3 and 37.4 shall withstand without breakdown a single
1.2 by 50 microseconds full-wave impulse with a crest value of 5.0 kilovolts. See IEEE 4-1995. The
transient voltage surge shall not exceed 300 percent of the peak working voltage, or 300 volts, whichever
is greater and the equipment shall be operative after conclusion of the test.

58.2 The wave form mentioned in 58.1 may typically be provided by an impulse generator illustrated in
Figure 58.1 when operated|under open-circuit conditions. Caution should be exercised to prevent bagk
surges on the line.

58.3 The equipment is to be connected to a single-phase source of supply operating at rated veltage with
the impulse generator conngcted across the equipment.

Figure 58.1

Typical Impulse Generator

@ O O

T2 HIGH R1 R2
VOLTAGE -0 MW 0
TRIPLER SG R4
120 VAC p—y R3 o
L~ - <L L {5
| == C C2 __R5§ g
6.8K o >
- METER <
- INSULATED
” CAP - — LoL2
- C1 = 0.1 microfarad i F-€5 = 350 ohms, -300 wzltts i
CHASSIS AND[ ~ *G\p—0 €2 = 0.07 microfarad, 5KVAC  S.6. = Spark gap, see Note 1
CIRCUIT LOW 8K FAN (2x0.01+0.05) T1 = Variable ‘autotransformer.
SIDE NE-3 MOTOR D1 = Damper diode, Type 4C3 T2 = Neon sign transformer.
Rl = 5.9 megohms, 1 watt At 70 VAC on primary,
_?_ R2 = 4.7 megohms, 1 watt secondary 7500 VAC
- Notes: R3 = 10 megohms, 1 watt each sidé of center tap.
otes: R4 = 12 ohms, see Note 2.

1. Spark gap employing boiler electrodes.
2_R4 is 12 chm suraeresistorNo22 AWG (0.32 mm2)

oo

nichrome wire wound on flat mount to reduce reactdnce.
52097 3. High voltage tripler, Murata No. MSR 2513-RRET002ICE22.
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59 Accelerated Aging Test

59.1 When tested as described in 59.2, a sealing compound shall not melt, become brittle, or otherwise
deteriorate to a degree that will affect its sealing properties as determined by comparing the conditioned
sample to an unconditioned sample.

59.2 A sealing compound is to be applied to the surface it is intended to seal. For a temperature rise not
exceeding 35 °C (63 °F), a representative sample of the surface with the sealing compound applied is to
be conditioned for 7 days in an air oven at 87 °C (189 °F).

60 Breakdown of Components Test

60.1 There shall be no erpission of flame or molten metal nor ignition of cotton loosely placed overial
openings of ventilated equipment or totally around open type devices when capacitors, diodes, or-othe
solid state components are ghort- or open-circuited.

Exception: The test is not rgquired:

a) If circuit analysis|indicates that no other component or portion of the circuit-will be seriously
overloaded as a result of the assumed open circuiting or short circuiting of another component.

b) For components ip Class 2 circuits (see 33.2).

¢) For components |in Limited Voltage/Current (see 33.3), Limited Energy involving open circuif
potentials less than|or equal to 30 V ac or 42.4 V peak (see 33;6), and Limiting Impedance (seq
33.7) secondary circyiits.

d) On power semicohductor devices if equivalent testing is’accomplished during short circuit tests.
e) For components domplying with requirements applicable to the component.

f) For components whose failure may result inxan increased risk of fire or electric shock and thaf
have previously beeh investigated and found'suitable for the application.

60.2 The breakdown of the component shall*be simulated after the device is fully energized and in
operation.

60.3 Components shall bg evaluated.one at a time.

60.4 For an open type deyice,\arwire mesh cage that is 1.5 times the size of the device may be provided
to simulate the intended endlasure

60.5 The outer enclosure or wire mesh cage (if any) and any grounded or exposed dead-metal part are
to be connected through a 30-ampere fuse to the supply circuit pole least likely to arc to ground. The 30-
ampere fuse shall not open. In addition to this, a fuse/circuit breaker having the current rating with the
minimum value which caused after any short has occurred inside the device, may be connected in series
with the product supply. This lowest current value is to be decided by the manufacturer as it depends upon
product hardware.

61 Strain Relief Test

61.1 The device provided with a strain relief as in 26.11.6 shall withstand without damage to the cord or
conductors and without displacement, a direct pull of 35 pounds (156 N) applied to the cord for 1 minute.
Supply connections within the equipment are to be disconnected from terminals or splices during the test
when applicable.
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61.2 A field wiring lead shall withstand without damage or displacement a direct pull of:

a) 20 pounds (90 N) for 1 minute applied to a lead extending from the enclosure such as through a
hub or nipple; and

b) 10 pounds (44.5 N) for 1 minute applied to a lead within a wiring compartment or an outlet box.

The field wiring leads at the point of connection to the equipment under test need not be disconnected
from the terminal, splice or solder connection points during the test.

62 Push-Back Relief Test

62.1 To determine complignce wi ;
occurrence of any of the conditions speC|f|ed in 26.11.9 (a) — (d).

62.2 The supply cord or Iead is to be held 1 inch (25.4 mm) from the point where the cord-or lead
emerges from the product and is then to be pushed back into the product. When a removable bushing
which extends further than 1 inch is present it is to be removed prior to the test. When the bashing is an
integral part of the cord, thep the test is to be carried out by holding the bushing. The cord)or lead is to be

pushed back into the produ
cord into the product excee
manipulated to determine cqg

63 Wire Flexing

63.1 The wiring to compon
— restraints such as a chai
Following this test, the equi
51.1.1 applied between cong

64 Printed Wiring Board
64.1 To determine whethe

point of the printed wiring b
printed circuit paths short-c

in 1-inch (25.4-mm) increments until the cord buckles or the force to push the
6 pounds-force (26.7 N). The supply cord or lead within the product is to be
mpliance with 26.11.9.

ents mounted on a door is to be tested by-opening the door as far as possible
h are to remain in place — and then;¢losing it for 500 cycles of operation.
bment is to be subjected to the dielectric voltage withstand test described in
uctors and between conductors and ground.

Abnormal Operation Test

spacings at specific\points on printed wiring boards comply with 37.13, each
oard so identified shall be tested as described in 64.2 — 64.5 with adjacent
rcuited one at ‘a_time until the operation of an integral protective device, the

opening of a component as glescribed in64-.2, or until thermal conditions have stabilized, up to a maximum

of 7 hours. As a result of this

a) The overcurrent p

test:

rotection in the branch circuit to which the equipment is connected shall not

open.

b) The cheesecloth o

r tissue paper shall not glow or flame.

c) The 3-ampere fuse connected in the equipment grounding circuit shall not open.

64.2 Operation of an overcurrent protection device integral to the equipment under test, before any
abnormal condition results is acceptable. When a wire or a printed wiring board trace opens, the gap is to
be electrically shorted and the test continued. This applies to each occurrence. When the circuit is
interrupted by the opening of a component, the test is to be repeated twice, using new components as
necessary.

64.3 A sample of the equipment employing the printed wiring board is to be wired as intended to an
electrical supply circuit sized and protected to simulate end-use conditions.
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64.4 A 3-ampere fuse is to be connected between the supply circuit pole least likely to arc to ground, and
the outer enclosure or wire cage and grounded or exposed dead metal parts.

64.5 The equipment is to be placed on a white-tissue-paper covered softwood surface. Open equipment
is tested in a representative enclosure or in a wire cage of dimensions as in 44.6. A single layer of
cheesecloth is to be draped loosely over the entire enclosure or wire cage.

65 Secondary Circuits Test
65.1

General

65.1.1
follows:

Unless otherwise specified in the specific test section, the test measurements are to be made as

a) The primary voltage supplied to the isolating source shall be not less than specified in Table44.23
for the Temperature [Test. For an isolating source with multiple primary voltage ratings,-the highes
voltage rating shall be used for this test. Overcurrent protective devices in the branch-gircuit shal
not open as a result pf this test.

b) The maximum
considerationisto b

open circuit voltage potential available to the secondary circuit unde
b measured directly across the output terminals of the iSolating source.

c¢) For an isolating squrce with multiple secondary circuits, only one secendary circuit is to be tested
at a time. All other sg¢condaries not under test are not required to be.connected to a load.

d) The applicable vdltage, current and volt-ampere capacity measurements shall be made directly
across the secondary output terminals of the isolating source. When a tapped transformer winding
is used to supply a [full-wave rectifier, the measurements’are to be made from either end of the
winding to the tap. WWhen the transformer is used as-part of a switching-type power supply, thg
measurements are tp be made after the transformersecondary winding rectification means.

65.2 Limited voltage/cur

65.2.1 With the isolating
secondary shall not exceed
exceed 8 amperes after the

65.2.2 The current availag
variable resistive load acros
a secondary current that i

rent secondary test

source connectedas described in 65.1.1, the open circuit voltage of each
30 Vrms or 42:4.V peak and the available current in the secondary shall no
1 minute testinterval as described in 65.2.2.

le to thé sécondary circuit under evaluation is to be measured by connecting g
s thessource of that secondary and then constantly adjust the load to maintair
5 slightly more than 8 amperes during the 1 minute test interval. When ar

nat oA 4 ha Altois A n f lnoAin FET-N. V-

available current of more t

n amperacio A indaor oy, A AE A mna
O armpPCTC S 1Io MU auiC o ot oo CU— o CTanny - COnuTraoT o 1oatiTyg; P —tO

and including a short circuit, then the test is to be discontinued for that circuit.

65.2.3 Where the circuit voltage and/or available current is limited by a fixed impedance or regulating
network, the circuit shall be additionally tested under single component fault conditions. The circuit shall
be tested as noted in 65.2.1 and 65.2.2 except the fixed impedance or regulating network shall be
subjected to this test while open-circuited or short-circuited, one condition at a time. For a discrete,
multiple terminal device, such as a transistor, SCR, triac, or similar device, any combination of terminals
taken two at a time shall be open- or short-circuited. For an integrated circuit device, the following
combinations of terminals shall be tested:

a) Each pair of adjacent terminals shorted;
b) Each input terminal shorted to referenced ground terminal;

c) Each output terminal shorted to referenced ground terminal;
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d) Each input terminal shorted to each power supply;

e) Each output terminal shorted to each power supply; and

f) Each terminal open-circuited.

65.3 Limited energy secondary test

65.3.1

With the isolating source connected as in 65.1.1, the open circuit voltage of the secondary shall

not exceed 100 V and the calculated volt-ampere capacity described in 65.3.2 shall not exceed 200 volt-

amperes.

65.3.2 The maximum volt-@mpere capacity available to the secondary circuit under consideration 1S to De|

measured by connecting a Vi
the voltage and current whi
minutes. The maximum avai
measured values of secondd

65.4

65.4.1  With the isolating s

ariable resistive load across the source of that secondary and then measuring
e varying the resistive load from open-circuit to short circuit in 1-1/2 t9°\2:1/2
able volt-ampere capacity is then calculated by multiplying the simultaneously
ry voltage and secondary current.

Isolated power supgly capacity test

burce connected as in 65.1.1, the open circuit voltage of the secondary shall

not exceed 150 V and the calculated short circuit power described in 65.4.2 shalknot exceed 10,000 volt-

amperes.

65.4.2 The maximum sho
product of the measured o
isolating source with any prg

65.5 Limited voltage sec|
65.5.1 With the isolating S
secondary overcurrent prote

there shall be no softening o

65.5.2 Each secondary cir
ultimate results occur. Theq
indications of ultimate condif]

65.6 Limiting impedance

t circuit power available to the secondary.€ircuit under consideration is the
ben circuit voltage and the measured maximum short circuit current of the
tective devices bypassed.

pndary test

ource connected as in 5.971, an isolating source that is not provided with
ction shall be subjected to'the test described in 65.5.2. As a result of the test,
I discoloration of conductor insulation.

Cuit of the isalating source is operated with the secondary short circuited until
opening,-6fian integral protective device or constant temperatures are
ons.

test

65.6.1

65.6.1.1  With the isolating

Limiting Impedance Abnormal Test

source connected as in 65.1.1, a limiting impedance shall not emit molten

metal or flames or ignite cotton loosely placed over all openings of ventilated equipment or totally around
open type equipment when the components on the load side of the limiting impedance are short circuited.
Additional trials of this test shall be performed under single component fault conditions of the limiting
impedance as described in 65.6.1.3.

65.6.1.2 With the isolating source connected as in 65.1.1, a circuit supplied by a limiting impedance
relied upon to reduce the risk of an electric shock, a 1500-ohm resistor is connected between the limiting
impedance and ground. As a result of the test, the current measured through the 1500-ohm resistor shall
not exceed 5 mA. Additional trials of this test shall be performed under single component fault conditions
described in 65.6.1.3.
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65.6.1.3 Except as noted in 33.7.2, any circuit component of the limiting impedance, such as a resistor,
capacitor, or solid-state device shall be subjected to this test while open-circuited or short-circuited, one
condition at a time. For a discrete, multiple terminal device, such as a transistor, SCR, triac, or similar
device, any combination of terminals taken two at a time shall be open- or short-circuited. For an
integrated circuit device, the following combinations of terminals shall be tested:

a) Each pair of adjacent terminals shorted;
b) Each input terminal shorted to referenced ground terminal;
c¢) Each output terminal shorted to referenced ground terminal;

d) Each input terminal shorted to each power supply;

e) Each output termipal shorted to each power supply;

f) Each terminal opep-circuited.
65.6.2 Limiting impedang¢e 15 W determination, alternate method

65.6.2.1 As an alternate method of determining limiting impedance components, a-circuit is able to bg
evaluated as described in 6p.6.2.2. As a result of this test, the limiting impedance shall be subjected to the
Limiting Impedance Abnormal test in 65.6.1.

65.6.2.2 Starting at the input to the circuit, the maximum wattage available to the secondary circuit unde
consideration is to be meapured by connecting a variable resistive load between the load side point o
each component in line with the source and the supply return. The variable resistance is to be adjusted tg
a value which maintains a|level of 15 watts as measured by a wattmeter. Each component capable o
maintaining 15 watts or morg for a period of 5 seconds is to be identified as a primary circuit component.

66 Leakage Current Test

66.1 The leakage current pf cord-and-plug-connected equipment rated for a nominal 120-, 208-, or 240
V supply when tested in ac¢gordance with 66.3 —166:8 shall not be more than 3.5 mA for grounded, 3-wire
portable and stationary equipment employingastandard attachment plug rated 20 A, or less.

66.2 Leakage current refers to all «eurrents, including capacitively coupled currents, that may bg
conveyed between exposed conductive-surfaces of the equipment and ground or other exposed surfaces
of the equipment.

66.3 All exposed conductive surfaces are to be tested for leakage currents. Leakage currents from these
surfaces are to be measured to the grounded supply conductor individually as well as collectively if
simultaneously accessible, and from one surface to another if simultaneously accessible. Parts are
considered to be exposed surfaces unless they are guarded by an enclosure considered acceptable for
protection against the risk of electric shock. Surfaces are considered to be simultaneously accessible if
they can be readily contacted by one or both hands of a person at the same time. These measurements
do not apply to terminals operating at voltages that are not considered to involve a risk of electric shock. If
all accessible surfaces are bonded together and connected to the grounding conductor of the power-
supply cord, the leakage current can be measured between the grounding conductor and the grounded
supply conductor. If exposed dead metal parts of the equipment are connected to the neutral supply
conductor, this connection is to be open during the test.

66.4 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 cm (4 by 8 inches) in contact
with the surface. If the surface is less than 10 by 20 cm (4 by 8 inches), the metal foil is to be the same size
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as the surface. The metal
equipment.

foil is not to remain in place long enough to affect the temperature of the

66.5 The measurement circuit for leakage current for single phase equipment is to be as illustrated in
Figure 66.1. For 3-phase equipment, the leakage current shall be the sum of measurements from each
phase to neutral. The measurement instrument is defined in (a) — (¢). The meter that is actually used for a
measurement need only indicate the same numerical value for a particular measurement as would the

defined instrument; it need n

ot have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of

0.15 microfarad.

b) The meter is to ingicated-—times-the-average-of-the-full-waverectified-composite-waveform-of

voltage across the re

c) Over a frequency
response — ratio of in
of a 1500-ohm resist
3.5 mA, the measure

Sistor or current through the resistor.

range of 0 — 100 kHz, the measurement circuitry is to have a frequency
dicated to actual value of current — that is equal to the ratio of the impedance
or shunted by a 0.15-microfarad capacitor to 1500 ohms. At antindication of]
ment is to have an error of not more than 5 percent at 60 Hz.
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Figure 66.1

Leakage-Current Measurement Circuits

PRODUCT METER

]
|/

= | INsuLATING
— TABLE

GROUNDED [SUPPLY CONDUCTOR B

Equipment irtended for connection to a 120 V power supply, as illustrated above.

PRODUCT METER

B
T 120V
240V <——

‘ 120V
L

St S| INSULATING
— TABLE

GROUNDED |SUPPLY CONDUCTOR B

Equipment intended for connectjon to a 3—wire, grounded neutral power supply, as illustrated above.

- PRODUCT METER
| 120V — A
240V S1 H = S———
—_ —_
‘ 120V [ 6]
— T

—~ = | INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

Equipment intended for connection to a 3—wire, grounded neutral power supply, as in the 240 V example illustrated above.

A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of equipment to another.

LC100K
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66.6 Unless the meter is being used to measure leakage from one part of the equipment to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.

66.7 A sample of the equipment is to be tested for leakage current starting with the as-received condition
— as-received being without prior energization except as may occur as part of the production-line testing.
The grounding conductor, if any, is to be open at the attachment plug. The supply voltage is to be in
accordance with Table 44.2. The test sequence, with reference to the measuring circuit, Figure 66.1, is to

be as follows:

a) With switch S1 open, the equipment is to be connected to the measuring circuit. Leakage current
is to be measured using both positions of switch S2, and with the equipment switching devices in

all their normal opera

ting positions.

b) Switch S1 is therll to be closed energizing the appliance and within 5 seconds the leakage

current is to be med
devices in all their no

c) The leakage curre
to be used in determ
operation as in the ng

66.8 Normally a sample wi
66.7, without interruption fo
Tests may be interrupted for

67 Switches Intended for

67.1 With respect to 42.4
equipment-bonding conduct
67.2. An industrial switch in
shall be tested, one switch
other switch with the other m

67.2 The test set up shall
switched to the second pos
operation for this measuren
grounded (identified) supply

a) Grounding/bondin

sured using both positions of switch S2, and with the equipment switching
rmal operating positions.

nt is to be monitored until thermal stabilization. Both positions of switch S2 are
ning this measurement. Thermal stabilization is considered te*be obtained by
rmal temperature test.

| be carried through the complete leakage-current-test programs described in
other tests. With the concurrence of those concerned, the Leakage Current
the purpose of conducting other nondestructive tests.

Mounting in a Flush-Device Box and Suitable for Lighting Control

|2, the leakage current conducted .through an equipment-grounding or the
or or connection of an industrial switch shall be tested in accordance with
the as-received condition is to‘be subjected to this test. Two more switches
with one of the limiting means in the Exception to 42.4.2 defeated, and the
eans in the Exception to42.4.2 defeated.

be in accordance with* 67.3 — 67.7, except S2 described in 67.7 need not be
ition. Switch S2 is/to be maintained in the normal power setting for normal
nent. The measurements shall be taken from the points listed below to the
conductor:

) connection or conductor;

b) Equipment-bondin

g'connection or conductor, if present; and

c) All exposed metal parts, when installed as intended but with the cover plate and field replaceable

parts removed.

67.3 The test circuit is to be as shown in Figure 67.1.
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Figure 67.1

Leakage Current Test Circuits

Device Under

T
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Load Test Meter
S Probe [
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oo Open
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N
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Probe [
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Device Under
Load Test Meter
S2__ Probe [
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240V —~—— i H
120V _-{f _ _T_: Grd T
o 0e Open
S1 - 1
Insulating
Table Y
LC205F Identified Supply Conductor A
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67.4 The meter may be electronic or a direct-indicating type, and is to:

a) Indicate 1.11 times the average of the full-wave rectified composite waveform of voltage across
the resistor or current through the resistor;

b) Be calibrated at 60 Hz;

c) Indicate the rms value of a pure sine wave with an accuracy of 5 percent at an indication of 0.5
mA; and

d) Have a terminal impedance of 1500 ohms shunted by a 0.15 microfarad capacitor.

67.5 The test frequency is to be 60 hertz, and the test voltage is to be as specified in Table 67.1.

Table 67.1
Test Voltages
Industrial swiftch rating Test voltage
volts AC \'/
110 — 120 120
220 -240 240
254 - 277 207
347 347
440 -480 480
550 — 00 600
All other ratings Rated voltage

67.6 At the start of the tes{, the industrial switch is to be atroom temperature with all industrial switches
in the closed position and the S1 switch open. See Figure 67.1. The leakage current is to be measured
within 5 seconds of closing|the S1 switch, and again after 1 hour of continuous operation. The leakage
current is to be measured.

67.7 The leakage currentlis to be measured with the S2 switch in position A, with the S2 switch in
position B, and with the S1 switch both clesed and open. See Figure 67.1.

68 Protection Against Cantact with Live Parts of Door Mounted Components Test

68.1 To determine compli:{ance with 41.1, a 50 mm (1.97 in) diameter rigid sphere is applied with a

pushing force of 50 N (11.3 Tbs) to all openings around uninsulated Tive parts. At the end of the test, the
sphere shall not contact any uninsulated live part involving a potential of more than 30 volts rms (42.4 volts
peak) and obstacles shall not be damaged or removed by the pushing force. A signal circuit, consisting of
a low-voltage supply in series with an indicating lamp, connected between the probe and the uninsulated
live parts is able to be used as a means to determine contact with live parts.

69 Electronic Fluorescent Ballasts, CFLs, and LED Drivers

69.1 A lighting control for use with electronic ballasts, self-ballasted LED and Compact Fluorescent
Lamps (CFL), LED drivers and similar loads with capacitive load characteristics having a rated current
(steady state current) and rated voltage in accordance with Table 69.1, Table 69.2, or Table 69.3 shall be
tested as described in 69.2 — 69.4 to determine if the lighting control is compatible with an electronic
fluorescent ballast, CFL, or LED driver that operates within the parameters defined by Table 69.1, Table
69.2, or Table 69.3 and ANSI C82.11.
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Table 69.1
Bulk Energy Capacitances
System (VAC) Bulk energy capacitance: uyF per Ampere of steady state
current
120 175
277 125
Table 69.2
Peak Current Requirements?
Pulse Width It (A% sec) 120 Pulse Width I1°t(A” sec) 277
Steady state Peak curren 120 VAC(mS) VAC Peak current 277 VAC(mS) VAC
current (A) (A), 120 VA(Q (See Note 2) (See Note 1) (A), 277 VAC (See Note 2) (See Nate, 1)

0.5 75 0.34 1 77 0.07 11

1 107 0.48 24 131 0.71 27

2 144 0.70 41 205 0.85 76

3 166 0.89 51 258 0.98 111

5 192 1.20 74 320 120 205

8 221 1.25 98 370 1.25 274

10 230 1.50 106 430 1.50 370

12 235 1.80 110 440 1.80 387

15 239 2.00 114 458 2.00 420

16 242 2.10 117 480 2.10 461

NOTES -

1) The values used to calculate 13

2) Pulse widths shown in the Table 69.2 and will provide adequate perfoarmance with electronic ballasts having pulse widths up to 2

are the peak current shown in Table 69.2 and a pulse duration of 2 mS (t).

ms, in accordance with ANSI C84.11.

@ Reprinted from NEMA 410-2011, Performance Testing for Lighting Controls and Switching Devices with Electronic Drivers and
of the National Electrical Manufacturers Association. ©2011 by the National Electrical
Manufacturers Association. All rights including translatien,into other languages, reserved under the Universal Copyright
Convention, the Berne Convention for the Protection.of‘Literary and Artistic Works, and the International and Pan American

Discharge Ballasts by permission

Copyright Conventions.

Peak Current Requiremjnts With Pulse Wid-ﬁblizsssgl'?han or Equal to 2.35 MS for Endurance Test
Steady state current (A) Peak current (A), 347 Vac Pulse wé:t:l’i:;le\lzac (ms). It (ASZ::;)O?;:?] Vac.
0.5 198 0.34 92
1 270 0.47 173
2 354 0.70 294
3 396 0.86 369
5 450 1.15 476
8 492 15 569
10 508 1.67 606
12 529 1.86 658

Table 69.3 Continued on Next Page
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Table 69.3 Continued

Pulse width 347 Vac (ms). 1%t (A? sec) 347 Vac.
A Peak A), 347 V.
Steady state current (A) eak current (A), 3 ac See Note 2 See Note 1
15 550 2.05 71
16 552 2.10 716

NOTES

1 — The values used to calculate I°t are the peak current shown and pulse duration of 2.35 ms (t).

2 — Pulse widths shown will provide adequate performance with electronic ballasts having pulse widths up to 2.35 ms, in
accordance with ANSI_ANSLG C82.11, or ANSI_ANSLG C82.14.

69.2 The test circuit, as
exceeding those characteris
steady state current rating of

69.3 The series coil values
to achieve the peak curren
saturate during testing and
temperature rise. Peak currg

shown In Figure 69.1, shall provide the inrush characteristics meeting or|
tics defined in Table 69.2 in parallel with an AC resistive load based onthe
the switch or lighting control being tested.

must be adjusted based on the input line characteristics of the te’stlaboratory
s listed in Table 69.2. The series coil shall be sized such.that it does not
shall be able to handle the resulting power dissipation wijth.léss than 10 °C
nt and pulse width are illustrated in Figure 69.2.
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Figure 69.1

Typical Test Circuit Diagram?

SR
L D1 D2
T S2
AC R1 . . /0_‘
l D4 D3 |
[l ol C R2
55303 ® ’
Reference Description
AC Test voltage is either 277 VAC or 120 VAC
S1 Device Under Test
L Series Inductor, its value of inductance (L) and resistance (R)-are/selected. When combined
with the AC line source impedance it provides the specified Reference Waveforms
R1 AC synthetic load resistor, value to provide desired continuous current. (e.g., 0.5A, 1A, 2A, ..

A16A)

D1 through D4

Bridge rectifier

C Capacitor load bank, design value to provide;425 uF for each continuous amp of load current
at a test voltage of 277 VAC, and 175 pF for-each continuous amp of load current at a test
voltage of 120 VAC.

S2 Capacitor discharge switch

R2 Bleeder resistor, value to provide-appropriate capacitor load bank discharge rate

@ Reprinted from NEMA 410-2011
Discharge Ballasts by permissid
Manufacturers Association. All righ
the Berne Convention for the P
Conventions.

, Performance Testing for Lighting Controls and Switching Devices with Electronic Drivers andg
n of the National Elecfrical Manufacturers Association. ©2011 by the National Electrica
ts including translation-into other languages, reserved under the Universal Copyright Convention
fotection of Literary ‘and Artistic Works, and the International and Pan American Copyrigh
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Figure 69.2

Waveform Per Synthetic Measurement of Pulse Width and Peak Current

le— Pulse Width —»!
Peak Current
(Ipk) 1 1
A
m
p
|
i
t
u
d
e
104 of Ipk - ———-—————————-————-
5304 Time (milliseconds)

69.4 The circuit shall provlde a method to discharge the capacitor bank in between test cycles without
influencing the performance| of the device under test. This is accomplished by S2 and R2 in Figure 69.1.
S2 should be switched altefnately with S1 and R2 should be sized to allow for complete discharge of C
during the period that S1 is gpen.

70 Terminal Assembly Test

70.1 An industrial switch provided with-a terminal that may be connected to either a grounded (neutral)
conductor or a grounding gonductor/as in 42.4.3, when tested as described in this section, shall not
exhibit:

a) Damage to the ndustrial switch, including but not limited to breakage of the housing,
misalignment of bonding components or stripping of the terminal plate or screws; and

b) Dielectric Voltage Withstand breakdown during application of the test potential.

70.2 Six devices are to be tested. Three of the six devices shall be wired with the smallest AWG
conductor size and remaining three devices wired with the largest conductor size, as specified by the
manufacturer. If the device is also intended for both solid and stranded AWG conductors, both solid and
stranded shall be tested with additional samples.

70.3 The conductor insulation shall be prepared by removing the insulation from the conductor according
to manufacturer’s strip gauge, and then inserted into the grounded (neutral) terminal and terminal screw
tightened according to the manufacturer’s identified torque and held in position for 1 minute. The terminal
screw is then loosened, and conductor is removed from the terminal. A newly-prepared conductor is then
inserted into the grounded (neutral) terminal and terminal screw tightened according to the manufacturer’s
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identified torque and held in position for 1 minute. This assembly process is to be performed five times. On
the fifth time, the prepared conductor shall remain in the terminal and be subjected to the Dielectric
Withstand test described in 51.1.1 — 51.1.5, applied between the terminal and ground.

71 Pressure Tests
71.1 General

1.1 A pressure-operated switch shall comply with the pressure test in 71.2 for enclosed devices, or
.3 for open devices, when:

a) The device is actuated by an external source of pressure;

b) The device employs a Bourdon tube, a flexible metal bellows, a diaphragm, or similar device
and

¢) The maximum rated pressure is 300 psig (2069 kPa) or more.

71.2 Parts contained in gn enclosure

71.2.1 A sample is to be filled with water to exclude air and then connected tola hydraulic pump. The
pressure is to be raised gradlually to the required test pressure as follows and in-this order:

a) The hydraulic tesflpressure is to be raised to two times the maximum rated pressure and held fo
one minute.

b) The hydraulic test pressure is to be then raised to three times the maximum rated pressure o
the device and held| for one minute. A leaking gasket or/flexible member is to be replaced by &
heavier material to r¢ach the required pressure value.

c) The hydraulic tesf pressure is to be then raised.to four times the maximum rated pressure of the
device and held for pne minute. A leaking gasket-or flexible member is to be replaced by a heavie
material to reach the required pressure value:

d) When the test pressure in (c) is not-attainable, such as due to a ruptured disc, a sample of the
outer enclosure shall either maintain”a hydraulic test pressure equal to the maximum rateg
pressure for one minute, or relievépressure equal to the maximum rated pressure.

71.2.2 As aresult of the tgst in 74121 (a), the device shall withstand the test pressure without rupture ang
without leakage at gaskets or fittings.

71.2.3 As aresult of the tests in 71.2.1(b) and either 71.2.1(c) or 71.2.1(d), the device shall withstand the
test pressure and no part of the device shall be released outside the enclosure.

71.3 Parts not contained in an enclosure

71.3.1 A sample is to be filled with water to exclude air and then connected to a hydraulic pump. The
pressure is to be raised gradually to the required test pressure as follows and in this order:

a) The hydraulic test pressure is to be raised to two times the maximum rated pressure and held for
one minute; and

b) The hydraulic test pressure is to be then raised to four times the maximum rated pressure of the
device and held for one minute
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71.3.2 As aresult of the testin 71.3.1(a), the device shall withstand the test pressure without rupture and
without leakage at gaskets or fittings.

71.3.3 As aresult of the testin 71.3.1(b), the device shall withstand the test pressure without rupture.
DEVICE RATING
72 Details

72.1 Unless otherwise indicated elsewhere in this Standard, industrial control equipment shall be rated in
volts; and also in horsepower, amperes, volt-amperes, or any combination thereof; and the rating shall
indicate whether the equip ' i ' i i
equipment shall include the [number of phases and, if necessary, the frequency; except that the rating lof
equipment obviously intended for single-phase use only need not include the number of phases~The
rating of a controller for slip-fing motors shall include the secondary rated current.

72.2 Equipment shall be rated for service in an ambient temperature or surrounding air temperature of|

40 °C (104 °F) or at a highe
from 40 °C (104 °F) in a who

72.3 A motor control devig
horsepower (1492 W output
relay shall have a short circu

72.4 The rating of industri
volt-ampere rating, or the €

r or lower ambient temperature or surrounding air temperature.at an interval
e number multiple of £5 °C (9 °F), such as 45, 50, 55, 60.

e rated more than 1 horsepower (746 W output) atdy 300 V or more than 2
, an overload relay, or industrial control equipment/incorporating an overload
it current rating.

bl control equipment that requires a remoete control device shall include the
quivalent, of any operating-coil with a.sealed rating of more than 125 volt-

amperes or more than the value specified in Table 72.1.

Table 72.1
Ratings for Operating Coils
Rating of dlevice Rating of coil, volt-amperes
(Size 1) 30 amperes or less 30
(Size 2) 50 amperes 75
(Size 3 and 4) 150 amperes 100
(Size 5 or greater) 300 amperes of more 125

72.5 Industrial control equipment; intended-foruse-withamotor-with—standard humcpuvvcl arct vuitayc
ratings as given in Table 47.2 or Table 47.3, shall be rated in horsepower and may additionally include the
full-load and locked-rotor current. When provided, the full-load current rating shall be the current specified
in Table 47.2 or Table 47.3 for the associated horsepower and voltage, and the locked-rotor current rating
shall be as indicated in Table 47.4 for 3-phase ac motors, six times the full load current indicated in Table

47.2, or ten times that indicated in Table 47.3.

72.6 The rating of a magnetic motor controller may also include a size designation as described in 73.27.
Equipment designated as a specific size shall be rated with the continuous current and horsepower ratings
corresponding to that size as specified in Table 72.2 and Table 72.3.
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Table 72.2
Ratings for Magnetic Motor Controller Sizes

Three phase horsepower ratings, volts, ac
cfﬁgg{‘:’a‘:;’nsg’ 60 hertz 50 hertz 60 hertz
Size of controller amperes 200 230 380 460 or 575
00 9 1-1/2 1-1/2 1-1/2 2
0 18 3 3 5 5
1 27 7-1/2 7-1/2 10 10
2 45 10 15 25 25
3 90 25 30 50 50
4 134 40 50 75 100
5 27( 75 100 150 200
6 54( 150 200 300 400
7 81( 300 600
8 121p 450 900
9 225p 800 1600
NOTE - As specified in Table 2-4t1 of NEMA ICS2-1993.

Table 72.3
Ratings for Magnetic Motor Controller Sizes

Single-phase horsepower ratings, volts AC

Continuous current rating, 60 hertz
Size of controller amperes 115 230
00 9 1/3 1
0 18 1 2
1 27 2 3
1P 36 3 5
2 45 3 7-1/2

NOTE - As specified in Table 2-4}2 of NEMAJCS2-1993.

72.7 The ratings of equipmentintended to control a motor load rated more than 500 horsepower (373 kW
output) or non-standard hotsepower and voltage shall, in addition to the horsepower ratings. include th
maximum full-load current, and for 3 phase ratings, the locked rotor current, for each rating.

72.8 With reference to 72.1, the rating of the device controlling an external load shall have the load
designation marked in accordance with Table 72.4.
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Table 72.4
Ratings of a Device Controlling an External Load

Load Load designations
General Purpose, ac Amperes
Resistance (heating), ac Amperes, resistance, only
General Purpose, dc or resistance (heating), dc Amperes
Incandescent lamp Amperes or watts, tungsten
Ballast (electric discharge lamp) Amperes, ballast
Electronic Fluorescent Ballast (electric discharge lamp) Amperes, electronic fluorescent ballast
Coil Code-designationvoli-amperes—standard-or-heawy-pilot-duty
Motor — General Use Horsepower (also see 72.5 and 72.6)
Capacitive Switching kVar, Full-Load amperes (FLA)
LED driver or self-ballasted LED Amperes, LED
Self-ballasted CFL Amperes, CFL
Capacitive load similar to electron|c ballast Amperes, (Load description)

MARKING
73 General

73.1 Industrial control equipment shall be plainly marked with:

a) The manufactureffs name, trademark, or other descriptive marking by which the organization
responsible for the prioduct may be identified — hereinafter'referred to as the manufacturer's name;

b) The electrical rating;

¢) The catalog numbeér or equivalent.
All marking shall be located $o as to be visible-after installation.

73.2 Equipment shall be marked to indicate the maximum ambient temperature rating or surrounding air
temperature rating for which|the equiptient was evaluated.

Exception: Equipment with an ambient temperature rating of 40 °C (104 °F) is not required to be marked.

73.3 A motor control device rated more than 1 horsepower (746 W output) and 300 V or more than 2
horsepower (1492 W output), a starter (contactor incorporating an overload relay), an overload relay, or
industrial control equipment incorporating an overload relay — other than a combination motor controller —
shall be marked "Suitable For Use On A Circuit Capable Of Delivering Not More Than rms
Symmetrical Amperes, Volts Maximum." The short circuit current rating is not to be more
than the value for which the controller was tested in accordance with Table 53.3 or Table 54.2. When the
short circuit tests are conducted with fuses only as specified in Exception No. 1 of 52.1.4, the marking shall
include "Use Fuses Only". When the standard fault short circuit tests are conducted with a protective
device of a size requiring a marking as in Table 53.1, 53.1.3.1(b) or 53.1.2.3(b), the marking shall
additionally include the type of protective device used, the maximum size of the protective device and in
the case of 53.1.2.3(b) the Class rating of the fuse. When high available fault short circuit testing is
conducted in accordance with 54.1.1, the marking shall also include the following or the equivalent:

a)"When Protectedby _~ Class Fuses"; or
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b) "When Protected By A Circuit Breaker Having An Interrupting Rating Not Less Than
rms Symmetrical Amperes, Volts Maximum".

Exception No. 1: The marking is able to be on a separate sheet or in the installation instruction when there
is not room on the device for the marking.

Exception No. 2: Any overload relay which derives its operating currents from an associated magnetically-
coupled only (primary winding not part of current transformer) current transformer, for which current
saturation at low current level has been demonstrated, is not required to be marked with a short circuit
current rating. The current transformer referenced in this exception is able to be either separate from, or
an integral part of, the device.

73.4 For group installatioh, a motor control device or overload relay as described in 55.1.2 shall \bd
marked with the following off the equivalent:

a) When tested usinfg both fuses and circuit breakers of the maximum allowable size: "Suitable fo
motor group installgtion on a circuit capable of delivering not more than rms,.symmetrical
amperes, V max";

b) When tested usin
additionally state: "w

h only fuses rated at the maximum size specified in 55.1.2(h), the marking shal
hen protected by (A) ";

c) When tested using branch circuit protective devices rated less than the maximum size specified
in 55.1.2(b), the marking shall additionally state: "when protected by (B) with a maximum rating o
(C) ll.

where:

(A) — "Fuses" or, when specified for a high fault short cireuit rating, "Class ___ fuses";

(B) — The type of
specified for a high
interrupting rating nd

(C) — The maximumn

overcurrent protective devices, either "fuses" or "a circuit breaker." Wher
fault short circuit rating,\'Class ___ fuses" or "A circuit breaker having ar
tlessthan ___ rms symmetrical amperes, __ V maximum";

ampere rating of<tRe overcurrent protective device used for the short circui

testin 55.3 or 55.4.

73.5 A manual motor co
installations shall be marke
motor group installations or
_ Vmax"

ntroller additionally evaluated for use as tap conductor protection in group
d with the/following or the equivalent: "Suitable for tap conductor protection ir
a circuit capable of delivering not more than rms symmetrical amperes

73.6  When a motor controller has been evaluated for group installations only on the load side of a
manual motor controller with instantaneous trip or a manual motor controller suitable for tap conductor
protection in group installations, only the manual motor controller shall be marked as specified in 73.4 or
73.5, respectively. The motor controller or manual motor controller shall be marked as follows: " (A)
suitable for group installation on the load side of (B)" or the equivalent.

Where (A) and (B) are the manufacturer name and model number of the motor controller and manual motor controller respectively.

73.7 The marking required by 73.1 need not be located on the outside of an enclosure provided it is
readily visible by opening a door or removing a cover after installation.

73.8 The marking required by 12.1 shall be visible after installation and shall specify the environmental
condition type number or numbers.
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73.9 The marking referenced in 7.16.1(d) shall include the following statement or equivalent, "For Use on
a Flat Surface of a Type Enclosure." The type or types of enclosures for which the component
has been evaluated and found to be acceptable shall be marked in the blank space.

73.10 A device intended for control of a specific load may be marked to indicate the intended use of the
control, such as "Resistance only," "Tungsten only," "Ballast," "Resistance Air Heating."

73.11 A device not tested in accordance to Section 69 which is intended to control a specific model
electronic ballast, self-ballasted LEDs or CFLs, LED driver, or other similar loads with capacitive load
characteristics shall be marked with the manufacturer's name and model number of the electronic
ballast(s), self-ballasted LEDs or CFLs, LED driver(s), or other similar loads with capacitive load
characteristics with which the device is intended to be used. The marking shall be on the device or

provided with the device on fhe packaging or stuffer sheet.

73.12 Industrial control eq
rating for each assigned volt

73.13 If the manufacturer
each finished item of equip|
product of a particular factor]

Llipment shall be marked with only one single and/or three phase horsepower|
hge.

broduces or assembles industrial control equipment at more than one factory,
ment shall have a distinctive marking, by which it may be“identified as the

.

73.14 An oil tank may be marked to indicate the proper oil level. If a visual 6il indicator is provided, the

marking shall indicate the p
the marking shall indicate th

73.15 The position of the h
push button station, a seleq
marking shall not be subjec
normal use. See 11.1.

73.16
marked using the symbols ill

oper oil level with the starter assembled. If a visual indicator is not provided,
b proper oil level prior to assembly.

andle of a manual motor controller, drum ‘controller, or the like — other than a
tor switch, or both — shall be marked,as a guide to proper operation. Such
t to rubbing off, washing off, or otherwise being rendered unreadable during

In reference to the r¢quirement in 73.15, the/*ON" and "OFF" positions of a control device may be

ustrated in Figure 73.1:
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Figure 73.1
"On" and "Off" Symbols

S3486

IEC Publication 417, Symbols 5007 and 5008

73.17 For equipment that may be assembled in different cambinations, all components shall be identified
and reference shall be madg on the basic equipment to all.components that may be assembled together.

73.18 An industrial contro] device that has been, investigated as a part of a system shall be marked tg
identify other parts of the sygtem with which it is_intended to be used.

73.19 A rheostat or resistpr that does not-have the required electrical spacings and is intended for uss
only as series resistance shpll be marked\"For use as a series resistor."

73.20 Industrial control equipment employing an automatic reset overload relay and a wiring diagram

indicating 2-wire control shalkbe marked to indicate that a motor connected to the circuit may star
automatically when the relal is‘i i iti i ‘

to enclosed equipment and shall be furnished with open types.

73.21  With reference to the requirement in 19.2.3, a controller with ratings requiring an additional
protective device to be provided as an accessory kit shall be marked to identify the kit to be used in that
controller.

73.22 With reference to the requirement in 19.2.2, a controller shall be marked with the maximum
ampere rating of motor branch-circuit short-circuit protective-device corresponding to the size of control-
circuit wire used within the equipment as specified in Table 19.2.

73.23 If a supplementary fuse is provided in accordance with 19.2.5, there shall be a marking near the
fuseholder specifying the voltage and current rating of the replacement fuse.
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73.24 When a branch-circuit type fuse (other than supplementary) is provided in accordance with 19.2.5
or 19.2.6 and when the fuseholder will accept a fuse having a higher current rating than covered in 19.2.1
a marking specifying the maximum fuse size shall be provided near the fuseholder.

73.25 A relay intended for television applications and tested in accordance with Section 49 shall be
marked "TV-X," where "TV" signifies the television and "X" is the steady-state current rating of the relay to
be replaced by the actual ampere value (such as TV-5, TV-3, and the like).

73.26 If a fuse used to determine compliance with item 3 of Table 45.1 is a Class G or K, there shall be a
marking near the fuseholder specifying the class of the replacement fuse.

73.27 A motor controller marked as a specific size in accordance with Table 72.2 and Table 72.3 shall be
marked with all and only with the horsepower ratings specified in Table 72.2 and Table 72.3. Controllers

with three or more poles m
three phase ratings. Marking

73.28 A controller that com
Endurance Test, Section 4§
control applications.

By omit single phase ratings. Two pole controllers shall not be marked.with
of the continuous current and 50 hertz ratings is optional.

plies with the elevator control requirements in Overload Test, Settion 47, and
, may be marked to indicate that the device is suitable forluse in elevator|

73.29 The marking referred to in 53.1.3.1 and Table 53.1 may be located on the.current element table.

73.30 With respect to 42
feeding circuits leaving the
primary shall be marked t
grounding electrode in acco
systems.

Exception: The marking is n
accordance with the Excepti

73.31 A secondary circuit i
shall be marked "Class 2" ng

73.32 A secondary circuit
provided with installation ir

B.2, industrial control equipment containing a power or control transformer|
equipment from a secondary winding not conductively connected to the
b indicate the need for connecting thessecondary neutral conductor to a
rdance with existing installation requirements pertaining to separately derived

Dt required when the grounding“electrode conductor terminal is not required in
bn to 42.3.2.

htended to be supplied from a Class 2 transformer or power source in the field
xt to the voltage rating of the device (i.e. 30Vac, Class 2), or the equivalent.

bvaluated to therequirements in Exception No. 1 of 33.3.3 or 33.4.1 shall be
structionsthat specify the use of the isolating source and ratings of the

overcurrent protective devices required'to be installed in the field.

73.33 A motor controller 6

valuated for use only with a specific overload relay as in the exception to

52.1.3 shall be marked with

heTanufacturers mame and part mumber of theovertoad Tetays to beused:

73.34 When required by 26.11.5, cord-connected equipment shall be marked with the voltage and
ampere rating of the required overcurrent protection.

73.35 Equipment intended for use in a pollution degree 2 environment, as noted in 37.6, or incorporating
a secondary circuit complying with the limited voltage circuit requirements in 33.4 shall be marked "For
use in Pollution Degree 2 Environment" or similar.

73.36  When equipment containing an overload relay is tested at a current less than the maximum setting
of the overload relay or less than the maximum current in a current element table, in accordance with 45.9,
the equipment shall be marked “Maximum current___ A”, or the equivalent.
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73.37 Equipment restricted for use in industrial machinery equipment in accordance with NFPA 79, shall
be marked “For use only in industrial machinery NFPA 79 applications” or similar.

73.38 A secondary circuit intended to be supplied from a Limited Power Source in the field shall be
marked "Limited Power Source" next to the voltage rating of the device (i.e. 30 Vac, Limited Power
Source), or the equivalent.

73.39 Bus bar systems intended for use only in Branch Circuit Applications shall be marked “Branch
Circuit Bus Bar System” or equivalent.

73.40 With reference to 42.4.2 and 42.4.3, an industrial switch shall be marked with the following or
equivalent statement: “For use in replacement or retrofit applications only where the grounded (neutral

conductor is not provided
“replacement or retrofit appl

73.41 With reference to 5f
shall be marked to indicate
provided on the current eler

74 Wiring Terminal Mark
74.1 Wiring terminals sha
control circuit, and the like,

the equipment.

Exception No. 1: The termi
terminal switching device.

Exception No. 2: A wiring
envelope provided the nam|
wiring diagram, for example|

Exception No. 3: For of

in the outlet box.” When an equivalent wording is used it shall contair
cations only”.

D.2(c), an overload relay or the controller with which an overload relay is useq
he relay class designation in accordance with Table 50.1. The marking may be
hent table that is provided on or with the product.

ngs

Il be marked to indicate the proper connections “for the power supply, load
br a wiring diagram coded to the terminal marking-.shall be securely attached tg

hals need not be marked if the wire conhections are plainly evident, as for a 2

diagram with multiple circuit, arrangements may be provided loose or in ar
pplate or similar permanent@ttachment visible after installation references the
by number.

en-type equipment;“the wiring diagram may be furnished loose with the

equipment.

74.2 A terminal for the copnection af/a*grounded supply circuit conductor shall be identified by means o
a metallic plated coating s@ibstantially white in color and shall be readily distinguishable from the othe
terminals, or proper identificationof the terminal for the connection of the grounded supply circui
conductor shall be clearly ghownr in some other manner, such as on an attached wiring diagram. If wirg
leads are provided, the lead freui i i
gray color and shall be readily distinguishable from other leads.

74.3 A single white terminal — in other than a single-pole device — for the connection of an ungrounded
conductor is not acceptable, but two or more terminals may be white if:

a) It does not make any difference how line connections are made;
b) It is obvious which terminal is intended for the connection of the grounded conductor; or

¢) The line connections are plainly indicated on a wiring diagram.

74.4 If low-voltage equipment or a part of low-voltage equipment is intended to be wired in the field to
become only part of a Class 1 circuit or a Class 2 circuit wired with Class 1 wire, the terminals of the
equipment or part of the equipment shall be marked accordingly. Low-voltage switching or power-
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consuming equipment or a part of equipment that is intended to be wired in the field to become part of a
Class 2 circuit only shall be marked accordingly, but a low-voltage power-supply device that includes a
transformer is not required to be marked to indicate that it is acceptable for use in a Class 2 circuit only.
Low-voltage equipment or a part of equipment that is acceptable for connection to either a Class 1 or a
Class 2 circuit is not required to be so marked.

74.5 Equipment incorporating two or more separate circuits that are capable of being connected to
separate power supplies but that are intended to be connected to a common power supply shall be
marked "All circuits must have a common disconnect and be connected to the same pole of the
disconnect," or with an equivalent wording. The wiring diagram of the equipment shall illustrate a typical
connection of the various circuit connected to the common power supply.

74.6 Equipment employing
to indicate that it must be ins

74.7 Equipment that is acq
marked to indicate that it mu

74.8 Equipment having fie
equivalent:

a) "Al Only" or "Use 4
aluminum wire.

b) "Cu/Al" or "Use C
Aluminum Conducto
wire.

c) "Cu Only" or "USE
acceptable for conne

74.9 Industrial control equ
or 75 °C only) of the field ins

Exception: A field-wiring terr
the connection of a control ¢

74.10 A wiring terminal tha
26.5.1 shall be marked to re

a special fitting for the connection to a specific wiring system shall be marked
talled with such a wiring system.

eptable for installation with a nonmetal-enclosed wiring system onlyshall be
5t be installed with such a wiring system.

Id-wiring terminals shall be marked with the following, if. applicable, or the

luminum Conductors Only" if the terminal is acceptable only for connection to

bpper or Aluminum Conductors" or "Use Cepper, Copper-Clad Aluminum, or|
s" if the terminal is acceptable for connection to either copper or aluminum

COPPER OR COPPER-CLAD ALUMINUM CONDUCTORS" if the terminal is
ction to either copper or copper=clad aluminum wire.

ipment shall be marked(to indicate the temperature rating (60 °C only, 60/75
alled conductors for which the equipment has been investigated.

hinal need not be:marked to indicate the temperature rating if it is intended for
rcuit conducter only.

t is notlintended to receive a conductor one size larger than that specified in
btrict itSuse to the smaller size conductor.

74.11

If leads, wire binding screws, or pressure wire connectors are not provided on the equipment as

shipped, the equipment shall be marked stating which pressure wire connector or component terminal kits
are acceptable for use with the equipment. A wire connector of the type mentioned in the marking may be
installed in the equipment at the factory with instructions, if necessary, to effect proper connection of the
conductor. A terminal kit shall carry an identifying marking, wire size, and manufacturer's name or
trademark.

74.12 With reference to 26.6.2, equipment shall be marked to show a range of values or a nhominal value
of tightening torque in pound-inches to be applied to the clamping screws of all terminal connectors for
field wiring. The marking may be located adjacent to the terminal or on the wiring diagram.

74.13 A multi-pole device intended for same polarity use is marked "same polarity" or equivalent.
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7414 With reference to 26.7.1, wiring instructions shall be provided requiring the use of female quick-
connect terminals suitable for field wiring. Female quick-connect terminals suitable for factory-wiring only
are not permitted.

75 Cautionary Markings

75.1 Cautionary markings shall be located on a part that cannot be removed without impairing the
operation or appearance of the equipment.

75.2 A cautionary marking shall be prefixed with the word "CAUTION " or "WARNING?", as applicable, in
letters not less than 1/8 inch (3.2 mm) high. The remaining letters of such marking, unless specified
otherwise in individual marking requirements, shall not be less than 1/16 inch (1.6 mm) high.

75.3 A cautionary marking intended to instruct the operator shall be legible and visible to the operato

during normal operation of
and visible when such servi

75.4 If more than one di
assembly or compartment,

the following or the equivalg
to de-energize the equipme

75.5 The marking require
on a stationary fixed, nonrg
inside the cover or on the cq

75.6 The marking require
accordance with 7.6.1 sha
consist of the word "CAUTI(
is not automatic and must
following or equivalent, "Nd
Use grounding bushings an

75.7 An overload relay th
overload relay shall be marl

continued protection againsf a risk of fire;and electric shock, the complete overload relay must be replaced

if burnout of the current eler

Exception No. 1: For an o\

the equipment. A marking that provides servicing instructions shall be |legible
Cing is being performed.

sconnect switch may be required to disconnect all power\within a contro
the assembly or compartment shall be marked with the werd""CAUTION" ang
nt, "Risk of Electric Shock — More than one disconnect.switch may be requireg
nt before servicing."

| by 75.4 shall be in a permanent location on, the outside of the equipment o
movable part inside the equipment. The warning marking shall not be placeg
nnection diagram attached to the inside of@’cover.

| for enclosures that are intended fof/field assembly of the bonding means in
| be located where visible duringinstallation, such as inside the cover, ang
DN" and the following or the equivalent, "Bonding between conduit connectiong
be provided as a part of, therinstallation"; or the word "CAUTION" and thg
nmetallic enclosure does hot provide grounding between conduit connection
 jumper wires."

bt has a replaceable element or industrial control equipment incorporating ar
ed with the word "WARNING" and the following or the equivalent: "To provide

nent occurs."

erload relay with replaceable type thermal elements, if the calibrated elements

hap anlh, tha thapaaal jinit aana ha pandanad pinaym hanfaye hy s

are within the replaceable therfma

Iy it 4 M 1y
Crrararnt a1CTT oty uicaicrnar armt e CUoCT CoraCcC U OO TCatCr ouiTTiouts

Exception No. 2: For an overload relay with replaceable type thermal elements having the calibrated
current sensing element in the basic nonreplaceable part of the overload relay, the marking is not required
provided that subsequent to the short circuit tests conducted in accordance with Section 52, the overload
relay is calibrated in accordance with Section 50.

Exception No. 3: For an overload relay with nonreplaceable type thermal elements, if the design of the
overload relay is such that it prevents operation of the device in the event of burnout of any of the thermal
units, the marking is not required.

75.8 Motor controllers intended for use on circuits having high available fault currents as indicated in
54.1.1 shall be marked with the word "WARNING" and the following or equivalent, "The opening of the
branch-circuit protective device may be an indication that a fault current has been interrupted. To reduce
the risk of fire or electric shock, current-carrying parts and other components of the controller should be
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examined and replaced if damaged. If burnout of the current element of an overload relay occurs, the
complete overload relay must be replaced.”

75.9 A control with direct-current motor ratings that does not comply with the requirements in
26.5.1(d)(1) shall be marked with the word "WARNING" and the following or the equivalent, "Do not
connect to a circuit supplied by a single-phase, half-wave rectifier"; and a control that does not comply with
the requirements in 26.5.1(d)(2) shall be marked with the word "WARNING" and the following or the
equivalent, "Do not connect to a circuit supplied by a single-phase rectifier of the half-wave or full-wave

type."

75.10 A device that requires a lower torque value than specified in Table 9.1 shall be marked with the
following or the equivalent: "Tighten to pound-inches ( N-m). Overtorquing may cause

enclosure breakage."

75.11 A knife switch comp
and the following or equivale
backfeed when in the open f

Exception: If there is not suf
pressure-sensitive label or ¢
marking adjacent to the swit

75.12 If required by the ex
opening with a Type 12 cong

75.13 Each accessible en
45.2 shall be marked "WARN

75.14 Equipment provided
battery that consists of the |
is replaced by an incorrect
batteries according to the ing
INSTRUCTIONS AND MAR
76 Details

76.1 The equipment marki

ying with the Exception to 17.4, shall be marked with the word "WARNING"
nt: "Risk of Electric Shock — The load side of this switch may be enérgized by
osition."

ficient room on the switch for the marking, the marking may be on a separate
bquivalent. Instructions shall be provided to inform the,inStaller to secure the
Ch in a location that will be visible after installation.

Ception to 7.15.11, a marking shall be provided to.instruct the installer to fill the
uit fitting.

Closure surface in excess of the maximum temperatures specified in Table
lING — HOT SURFACE - RISK OF BURN?", or the equivalent.

with a replaceable lithium battery shall have a caution marking close to the
bord “WARNING” and the following or equivalent, “Risk of explosion if battery
type. Replace battery only*with the same type of battery. Dispose of used
tructions.”

KINGS PERTAINING TO ACCESSORIES

ngs_shall include identification of an accessory to be attached in the field, or a

reference to a separate pulf

lication that identifies all such accessories. For equipment such as an open

device for which the require
on the separate sheet.

Tarking may be o a separate sheet; theaccessory informationmmay atso be

Exception: If a new accessory has been designed for an existing product, the accessory shall be marked
with the identification of the equipment on which it is intended to be used.

76.2 An accessory that is not shipped from the factory in the same carton as the equipment with which it
is intended to be used shall be plainly marked with:

a) The manufacturer's name, trademark, or other descriptive marking by which the organization
responsible for the product may be identified;

b) The electrical ratin

g; and

c) The catalog number or equivalent.
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Exception: The electrical rating of the accessory need not be on the accessory if the accessory electrical
rating is marked on the equipment for which it is intended.

76.3 An accessory shall be provided with installation and wiring instructions.

76.4 If an overload-protective device is provided within an enclosure that does not have a hinged cover,
and a kit is available for resetting the device from outside the enclosure, in accordance with 7.4.2(c), the kit
number shall be marked on the enclosure or in the installation instructions.

77 Marking Location

771 The required markings and the location for enclosed industrial control equipment and open
industrial control equipmen{ shall be in accordance with Table 77.1. The markings noted in Table 77.1 arg
a brief summary of the marking requirements given elsewhere in this Standard. For complete details. or]
the required marking, see thle marking reference specified in Table 77.1.
Table 77.1
Marking Location for Industrial Control Equipment
Marking Location®
reference Required marking® Enclosed Open
GENERAL
731 Manufactufers name, trademark, or identifier, electrical rating, B D
catalog number or equivalent
73.2 Ambient temperature rating or surrounding air temperature G G
rating
Exception:|No marking is required for 40 °C (104 °F)-ambient - -
temperature rating.
73.3 Short circult rating and fuse type/circuit breaker and size B F
73.4 Marking fof group installation B F
73.5 Suitable fof tap conductor protection in.group installations short B F
circuit marking
73.6 Motor contfoller tested with manual motor controller for group B F
installation
73.7 Exception {0 73.1 B D
73.8 Marking for environmiental type(s) B -
73.9 Marking fof flat.surface of type(s) - F
73.10 Specific loadTmarking; imdicating nterdeduse B D
73.12 One hp rating per voltage B D
73.13 Marking for more than one factory E E
73.14 Qil tank mark for oil level B B
73.15 Guide to proper operation of device(s) B B
73.16 Use of "ON" and "OFF" markings (See Figure 73.1) A -
7317 Instructions for assembly in different combinations F F
73.18 Marking for use with other parts of a system F F
73.19 Marking for series resistor F F
73.20 Overload relay "may start automatically" when in automatic B B
reset position

Table 77.1 Continued on Next Page
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Table 77.1 Continued

. Location®
Marking . .
reference Required marking® Enclosed Open
73.21 Devices provided with a protective device in an accessory kit B F
73.22 Maximum control circuit protective-device size corresponding B F
to the size of control-circuit wire
73.23 Marking for supplementary fuse near fuseholder per 19.2.5 B C
73.24 When fuseholder accepts higher fuse size per 19.2.6 B C
73.25 "TV" markings B D
73.26 Marking for replacement fuse per item 3 of Table 45.1 B C
73.27 Hp ratings fpr Size 00 — 9 motor controllers B D
73.28 Motor contrpller for elevator applications B D
73.29 Maximum fyse or breaker rating B D
73.30 Grounding ¢lectrode conductor terminal marking F F
73.31 Secondary gircuit supplied from a Class 2 transformer or power B D
source in the field
73.32 Secondary gircuit intended to be supplied from an isolating F F
source or plotected by overcurrent protective devices installed
in the field
73.33 Motor contrpller specified for use with specific overload relays F F
73.34 Marking forfcord-connected equipment F F
73.35 Marking foruse in pollution degree 2 environment F F
73.36 Marking of fnaximum current for equipment with overload B D
relays
73.41 Overload relay class designation F F
WIRING TERMINAL MARKINGS
741 Marking for jproper connections F F
Exception No. 1: Marking not required for wire connections - -
plainly evidgnt
Exception No. 2: Wiring diagram(witfr multiple circuit B F
arrangements
74.2,74.3 Terminal copnection of graund Supply conductor
74.4 Marking forlow voltage-wiring
74.5 Circuits capable oftbeing connected to separate supplies but F F
intended to pe eonnected to common supply
74.6 Equipment with-speeiat-fitting-ferconneetion = =
74.7 Equipment that is acceptable for nonmetal-enclosed wiring F F
system
74.8 Field wiring terminal marking for wire type (Al, Cu) F F
Exception: Marking not required when intended for connection — -
to copper control circuit conductors
74.9 Temperature rating of field installed conductors F F
Exception: Exception: Marking not required when intended for - -
connection to control circuit conductors only.
74.10 Field wiring terminal not intended to receive conductor one size F F
larger per 26.5.1
74.11 Marking for providing terminals separately in terminal kit F F

Table 77.1 Continued on Next Page
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Table 77.1 Continued

. Location®
Marking . .
reference Required marking® Enclosed Open
74.12 Torque values marking for field terminals per 26.6.2 F F
Exception: Marking in 26.6.2 not required when field terminal - -
connected to control circuit conductor if investigated for 7 Ib-in.
74.13 Same polarity marking per 74.13 F F
7414 Quick-connect terminals F F
CAUTIONARY MARKINGS
75.1 Placement of cautionary markings B
75.3 Instructing joperator or servicing instructions B
75.4,75.5 Provided with more than one disconnect means A -
75.6 For enclosyires that are intended for field assembly of the F F
bonding means in accordance with 7.6.1
75.7 Replacemgnt markings for overload relay that has replacement B B
elements
Exception No. 1: Thermal unit replaced upon heater burnout B B
Exception No. 2: Marking not required for overload relay with - -
replaceablg type thermal elements having calibrated current
sensing elgment in nonreplaceable part of overload relay
Exception No. 3: Marking not required for overload relay with - -
nonreplacdable type thermal elements that prevents operation
of the devige
75.8 Marking fof motor controllers having indication that high B B
available fgult current interrupted
75.9 Control with direct-current motor ratings that does not cComply F F
with 26.5.1d)(1)
75.10 Device which requires a lower torque value than Table 9.1 F F
75.11 Knife switch complying with Exception to (7.4 ' where switch A -
may be engrgized by back feed when in open position
Exception:|Marking provided adjacentto switch and visible after B -
installation|
75.13 Hot surfac¢ marking for aceessible parts of enclosure A -
75.14 Replaceable lithium batteries C C
INSTRUCTIONS AND MARKINGS PERTAINING TO ACCESSORIES
76.1 AccessoriT G G
Exception:\New accessory on existing product G G
76.2 Accessories B D
Exception: Rating of accessory H H
76.3 Accessories provided with instructions F F
76.4 Kit available for overload protection device in accordance with F F
7.4.2(c)
REDUCED VOLTAGE STARTERS
85.1 Marking "Heavy or Medium Duty" B F
SOLID STATE AC MOTOR CONTROLLERS
97.1 See Sections 73 - 75
97.2 Replacement fuse near fuseholder B C

Table 77.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 508 2024.pdf

160 UL 508 OCTOBER 28, 2024

Table 77.1 Continued

Marking Location®
reference Required marking® Enclosed Open
FLOAT- AND PRESSURE-OPERATED SWITCHES

108.1 Sections 73 - 75

108.2 Pressure ratings B D

108.3 Float switch for sewage application A -

108.4 Float switch for use with thermally protected sump pump A -

SEMICONDUCTOR RELAYS AND SWITCHES
118.1 | See Sectiofs73=75 i i
MERCURY SWITCHES
1241 | See Section)s 73 - 75
AUXILIARY DEVICES

1321 See Sections 73 - 75

132.2 Indicate opgrators for intended use D F

132.3 Code markipgs G G

132.4 Indicate Us¢ of Same Polarity D D

LAMP DIMMERS
141.1 | See Section)s 73 - 75 | |
MISCELLANEOUS DEVICES
1511 | See Sections 73 -75 | |
EQUIPMENT RATED 601 — 1500 VOLTS
| See Section)s 73 - 75 | |
PROXIMITY SWITCHES®

162.1 See Section)s 73 - 75

162.2 Code desigpation G G

162.3 For devices|with conductors smallefithan 18 AWG, indicate F F

rating of ovégr-current protection to be used

162.4 Type rating pf proximity switech on smallest packaging F F
2 These are a brief summary of mgrking requirements. For complete details see the specific Marking Reference.
® For marking locations identified felow, "A'lis the highest order of location, and "H" is the lowest order of location. At the option of
the manufacturer, a higher order of locatién-category is able to be used.

A. Marking shall be visible whgnithe enclosure cover is on and the door is closed.

B. For enclosed devices, marking shall be visible:
1. When the enclosure cover is removed or the door is open;
2. When other devices are mounted nearby as intended; and
3. When devices are installed side by side.

The marking shall not be obscured by attachments such as a disconnect switch operating handle. For open-type devices,
marking is on a separable, self-adhesive permanent label that is shipped with the device.

C. Marking is located on or adjacent to the part involved such that it is visible when the part becomes accessible.

D. Marking is visible when the device is mounted singularly. The marking may be on the side of the device, and is not required
to be visible when the device is mounted next to other devices.

E. Marking is able to be anywhere on the device and is not required to be visible after installation.

Table 77.1 Continued on Next Page
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Table 77.1 Continued

Marking
reference

Required marking®

Location®

Enclosed

Open

H. Marking is shipped separately with kit.

G. Marking is provided on a separate sheet which is available from the manufacturer, and not shipped with the product.

¢ Small devices, such as proximity or photoelectric switches, are able to be marked with only one electrical rating, and all other
electrical ratings are provided on a separate sheet or on the device carton.

F. Marking is shipped separately with the device. In addition, the device shall be marked, marking location D, with a reference
to the information, such as by diagram number or document number.

MANUFACTURING AND PI?ODUCTION TESTS

78 Production-Line Diel

78.1

ctric Voltage-Withstand Test

metal parts that are likely tolbecome energized.

78.2 The production-line tg¢st shall be in accordance with either Condition Aler B of Table 78.1.

Equipment provided with a power-supply cord with an attachment plug for connectiont¢“a nomina
120 V or higher voltage cirguit shall withstand without electrical breakdown, as a routiné\production-ling
test, the application of an ajternating-current potential at a frequency within the range, 0f-40 — 70 Hz or 3
direct-current potential between the primary wiring, including connected components,@nd accessible dead

Table 78.1
Production-Line Test Conditions
Condition A Condition B
Equipment rating Potentil Potential Time Potential Potential Time
volts volts a¢ volts dc seconds volts ac volts dc seconds
250 or less 1000+2\ 2 1400 60 1200+2V 2 1700 1
More than 250 1000+2\ 2 1400+2.8v @ 60 1200+2.4Vv @ 1700+3.4Vv @ 1

@ Maximum marked voltage.

78.3 The test potential is pble to be_gradually increased to the required value but the full value is to bg

applied for 1 second or 1 mihute asrequired.

78.4 The equipment is able_to be at normal operating temperature, at room temperature, or at any

intermediate temperature for the test.

78.5 The test shall be conducted when the equipment is fully assembled. It is not intended that the
equipment be unwired, modified, or disassembled for the test.

a) A part, such as a snap cover or friction-fit knob, that would interfere with performance of the test

need not be in place.

b) The test is able to be performed before final assembly if the test represents that for the
completed equipment. Any component not included shall not affect the results with respect to
determination of possible risk of electric shock resulting from miswiring, defective component,
insufficient spacings, and the like.

78.6 Solid-state and similar components that might be damaged by a secondary effect (induced voltage
surge, excessive heating, and the like) of the test are able to be short-circuited by means of a temporary
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electrical jumper or the test is able to be conducted without the component electrically connected,
providing the wiring and terminal spacings are maintained.

78.7 The test equipment shall have a means of indicating the test potential, an audible or visual indicator
of electrical breakdown, and, for automated or station-type operations, either a manually reset device to
restore the equipment after electrical breakdown or an automatic-reject feature for any unacceptable unit.

When an alternating-current
an essentially sinusoidal out

test potential is applied, the test equipment shall include a transformer having
put.

78.8 When the test equipment is adjusted to produce the specified voltage, and a resistance of 120,000

ohms is connected across

the output, the test equipment is to indicate an unacceptable performance

within 0.5 second. A resistance of more than 120,000 ohms is able to be used to produce an indication of

unacceptable performance

78.9 When the rated outp
voltmeter in the output circui

78.10 When the rated out|
indicated by:

a) A voltmeter in the
b) By a selector switg

c) In the case of equ
location to indicate th

If an indicating voltmeter is 1
lamp, to indicate that the tes

78.11 Test equipment othe
the intended factory control.

78.12 For the test, either a
of the test potential made so

79 Production-Line Grou

79.1 Equipment that has
production-line test, to deter

hen the manufacturer elects to use a tester having higher sensitivity.

Ut of the test equipment is less than 500 VA, the equipment shall inClude a
to directly indicate the applied test potential.

put of the test equipment is 500 VA or more, the test potential is able to be

brimary circuit or in a tertiary winding circuit;
h marked to indicate the test potential; or

ipment having a single test-potential output,,by a marking in a readily visible
e test potential.

ot used, the test equipment shall ingldde a visual means, such as an indicator|
voltage is present at the test-equipment output.

I than that described by 78.7 = 78.10 is able to be used if found to accomplish

sufficient number-eficontrol devices are to be closed or separate applications
that all parts ofthe’primary circuit are tested.

hding-Continuity Test

h power-supply cord with an attachment plug shall be tested, as a routine
Mine that grounding continuity is provided between the grounding blade or pin

of the attachment plug and the accessible dead metal parts that are likely to become energized.

79.2 Only a single test need be conducted if the accessible metal selected is conductively connected to

all other accessible metal.

79.3 Any indicating device (an ohmmeter, a battery and buzzer combination, or the like) is able to be
used to determine compliance with the grounding continuity requirement.

80 Production-Line Polarization-Continuity Test — Cord and Plug Connected Equipment

80.1 Equipment provided

grounding blade of the atta

with an attachment plug shall maintain electrical continuity between the
chment plug and all accessible parts and shall be verified as a routine

production-line test. The continuity shall be determined either visually or through the use of an electrical

test.
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PART V - REDUCED-VOLTAGE STARTERS
CONSTRUCTION
81

General

81.1 A reduced voltage starter shall comply with the construction requirements in Sections 13 — 43 and
81.2 or 81.3, as applicable.

81.2 Reduced voltage starters incorporating semiconductor switching means shall be evaluated in
accordance with the requirements in Part VI — Solid State AC Motor Controllers.

81.3 A manual autotransfi
and at least one starting pos
directly from the off to the ru

a) Will be held in the
b) Cannot be left in 3

c) Cannot be left un

brmer-starter switch shall be provided with an off position, a running position
bition. An interlock shall be provided so that the starter switch cannot be throwr
n position. The starter switch shall be arranged so that it:

off and running positions;
starting position; and

httended in any position that does not include the ovefload-protective devices

in the circuit.
PERFORMANCE
82 Operation Test

82.1 After 100 operations pnder the most severe normal conditions for which it is intended, a rheostat, ar
autotransformer, a speed rggulator, or a similar device, or a.Starter containing such a device shall show ng
serious burning of the contacts or other faults. The release mechanism of a motor-starting rheostat shal
not be impaired by such a tgst.

82.2 The requirement in §2.1 is intended to demonstrate the ability of the device to close and interrup
the circuit under normal conditions of operation, including starting and operating with the motor loaded tq
full load at normal speed.

83 Duty Cycle Test

83.1 An autotransformer
show resultant flaming or n
and when tested as indicated in 83.2 and 84.1. If the transformer windings are oil immersed, the oil shall
not overflow its containing case.

br reactor starter shall be identified as medium or heavy duty and shall no
olten drnplningq when the maximum rated \/nl‘rngp is anlnliprl to line terminals

83.2 The test may be terminated before the end of the period specified in Table 84.1 if the
autotransformer is protected from overheating by a reliably operating, nonadjustable thermostat or similar
device.

83.3 A starting duty resistor shall be constructed so that when tested as described in 83.4 — 83.6 no
flaming or molten droppings shall result.

83.4 For a direct current motor, a voltage between 100 and 110 percent of maximum rated voltage is to
be applied across the entire resistor and the starting mechanism connected to the first step of resistance.
When greater than rated motor current results, external resistance is to be added to reduce the current to
rated value. When less than rated current results, the starting mechanism is to be adjusted to the
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subsequent step of resistance that results in not more than rated current, with or without added resistance.

In either case, the device is t

o be left in the resulting position for 3 minutes.

83.5 For an alternating current motor, a voltage between 100 and 110 percent of maximum rated voltage
shall be applied to the line terminals, and 300 percent of full-load current of the motor shall be applied

through each leg for the first

15 seconds of each 15 consecutive 4-minute periods.

83.6 The tests described in 83.3 — 83.5 are able to be terminated before the end of the specified period
by an operating, nonadjustable thermostat or similar device.

RATINGS

84 Details

84.1 Ratings for heavy a
conditions specified in Table

84.2 A reduced-voltage st3

nd medium duty controllers shall be based on the duty cycles and-load
84.1.

rter shall comply with the rating requirements in Section 72.

Table 84.1
Controller Duty Cycles and Load Conditions
1. HEAVY DUTY
ON 1 minute
OFF 1 minute
REPEAT 4 times\(for a total of five cycles)
REST 2 hours
ON T minute
OFF 1 minute
REPEAT 4 times (for a total of five cycles)
TAP lowest tap
LOAD motor with rotor locked or an equivalent inductive load
POWER FACTOR 50 percent or less
2. MEDIUM DUTY — MANUAL CONTROLLERS, 300 HORSEPOWER OR LESS
ON 15 seconds
OFF 3 minutes 45 seconds
REPEAT 3 times (for a total of four cycles)
REST 2 hours
ON 15 seconds
OFF 3 minutes 45 seconds
REPEAT 3 times (for a total of four cycles
TAP 65 percent
TAP CURRENT 300 percent of motor full-load current
POWER FACTOR 50 percent or less

Table 84.1 Continued on Next Page
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Table 84.1 Continued

3. MEDIUM DUTY — MAGNETIC CONTROLLERS FOR MOTORS, 200 HORSEPOWER OR LESS
ON 15 seconds
OFF 3 minutes 45 seconds
REPEAT 14 times (for a total of 15 cycles)
REST 2 hours
ON 15 seconds
OFF 3 minutes 45 seconds
REPEAT 14 times (for a total of 15 cycles)
TAP 65 percent
TAP CURRENT 300 percent of motor full-load current
POWER FACTOR 50 percent or less
4. MEDIUM DUTY — MAGNETIC CONTROLLERS FOR MOTORS, RATED MORE THAN 200 HORSEPOWER

ON 30 seconds
OFF 30 seconds
REPEAT 2 times (for a total of 3 cycles)
REST 1 hour
ON 30 seconds
OFF 30 seconds
REPEAT 2 times (for a total of 3 cycles)
TAP 65 percent
TAP CURRENT 300 percent of motor full-load current
POWER FACTOR 50 percent or less

MARKING

85 Details

85.1 An autotransformer 4
the intended use.

nd a reactor shall be marked "Heavy Duty" or "Medium Duty", as applicable fo

PART VI - SOLID-STATE

CONSTRUCTION

86 General

\C MOTOR CONTROLLERS

86.1 The construction of a solid state controller incorporating a semiconductor switching means for on
and off control of a motor load and with or without reduced voltage starting shall be in accordance with the

requirements of Sections 13 — 43, inclusive.
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PERFORMANCE
87 General

87.1 The performance of a solid state motor controller shall be investigated by subjecting a
representative sample or samples in commercial form to the tests indicated in this section. Those tests to
be conducted in a sequence are specified in Table 87.1. Consideration shall be given to heat sink
capability, solid state device ratings, and other criteria in determining samples for testing representative of
a line of similarly constructed controllers.

Table 87.1
Sequrenceof-Festsfor-Solid-State A€ -Motor-Controtters
Sample number?

Standard ! 2 3 A
reference Test Sequence Sequence Sequence Sequence
Section 88 Temperatur¢ 1
Section 89 Dielectric Vgltage-Withstand 3 3
Section 90 Overvoltagd and Undervoltage 2
Section 91 Overload 1
Section 92 Endurance 2
Section 93 Short Circuif 1
Section 94 Breakdown pf Components 1

@ All or any combination of sequenices may be conducted on a single sample if agreeable to those concerned. More than one
sample may be used if more than pne rating is being tested. One sequence neednot be completed as a prerequisite to the starting
of another.

Sequence of Tests for[Solid State Motor E%t::ﬁgﬁézrs with Reduced Voltage Starting Feature
Sample number?

Test 1 2 3 4 5 6 7
reference Test Sequence | Sequence | Sequence | Sequence | Sequence | Sequence | Sequence
Section 88 Temperature 1
Section 89 Dielectric Voltage- 3 3 2 2 2

Withstand
Section 90 Overvoltage and 2
Undervoltage
Section 93 Short Circuit 1
Section 94 | Breakdown of Components 1

95.2 Controller Overload 1

95.3 Single Phasing 2

95.4 Inoperative Blower Motor 1

95.5 Clogged Filter 1

95.6 Current Limiting Control 1

@ All of any combination of sequences may be conducted on a single sample if agreeable to those concerned. More than one
sample may be used if more than one rating is being tested. One sequence need not be completed as a prerequisite to the starting
of another.
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87.2 Tests shall be conducted at rated frequency at a test potential not less than 120, 208, 240, 277,
480, or 600 volts as appropriate for the voltage rating, except that the Temperature test in Section 88 may
be conducted at a potential less than the potential specified if the load current load is adjusted to produce
the maximum normal heating, and if the power semiconductors are capable of conduction as intended at
the test voltage.

88 Temperature Test

88.1 When operating in the normal mode resulting in maximum heating and as described in 88.2 and
Section 45, solid state contactors shall not attain a temperature at any point sufficiently high to constitute a
risk of fire, to adversely affect any materials or components employed in the device, or exceed, at
stabilized temperature, the temperature rises specified in Table 45.1.

88.2 For the purpose of ey
in lieu of required spacings

aluating the temperature limit of the material, insulating material at the junction
s considered as being at the junction temperature. To determine the insufating
material temperature, refer¢nce temperatures (case, tab, heat sink, or the like) are to be meadsured ang
the junction temperature is fo be calculated based on the semiconductor manufacturer's power dissipatior
and thermal resistance datq.

89 Dielectric Voltage-Withstand Test

89.1 The dielectric voltagé-withstand test described in Section 51 is to be eéonducted immediately afte

the temperature test with th

semiconductor (in power cifjcuit) shorted. If placement of thermocouples could adversely affect the results

of the dielectric voltage-with
has been operated as defin

Exception: The test betwee

e sample at stabilized temperature and, where necessary, having the powe

stand test, the test may be conducted on a-sample without thermocouples tha
pd for the temperature test until temperatures have stabilized.

1 terminals of opposite polarity need'not be conducted.

90 Overvoltage and Undprvoltage Test

90.1 A control that employ
described in Section 46.

s an electromagnet shall comply with the overvoltage and undervoltage tests

91 Overload Test
91.1 A solid-state motor gontroller shall comply with the appropriate overload test described in Sectior
47.

Exception: This test is not required for a motor controller having a reduced voltage starting feature.
92 Endurance Test

92.1
48.

A solid-state motor controller shall comply with the appropriate endurance test described in Section

Exception No. 1: This test is not required for a motor controller having a reduced voltage starting feature.

Exception No. 2: If the endurance test is to be conducted at rated current and there is no inrush current,
the endurance test need not be conducted.
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93 Short Circuit Test

93.1

93.1.1
the test described in 93.3.1

Evaluation of short circuit test

Equipment rated 1-1/2 horsepower (1119 W output) or more shall comply with the following after

— 93.4.1. When no horsepower rating is marked, see Table 47.2 and Table

47.3 for equivalent FLA ratings.

a) The cotton indicator shall not have ignited when tested without an enclosure as in 93.3.1.

b) When tested in an

enclosure, the door or cover shall not be blown open and it shall be possible

to open the door or cover. Deformation of the enclosure shall not result in the accessibility of live

parts as determined lDy tre lcquilclllcl its apcuificu‘ 1y

¢) Wires shall not be

d) The device is not
93.2 Selection of sample

93.2.1 A sufficient numbe
subjected to short circuit tes
configuration and ratings.

93.3 Test procedure

93.3.1 Open equipment is
encountered in service ex
representative of tests cond
conducted without an enclo
proximity to the equipment u

93.3.2 The solid state mo

4
I.

-
bulled out of connectors and the wire insulation shall not burn out.

bquired to be operational after testing.

I of samples considered to be representative of a product line are to be
s. Representative samples are to be selected on thebasis of such features as

to be tested in an enclosure judged to‘be representative of that likely to be
cept that tests may be conductedwithout an enclosure and considered
ucted using an enclosure if agreeable to those concerned. If tests are to be
bure, surgical cotton is to be_placed on a wire cage surrounding and in close
hder test so as to closely simulate the intended enclosure.

or controller is to be connected to a test circuit as noted in 93.4 and then

loaded such that the output devices are actuated:when the controller is energized.

93.3.3 Actuation of the out
of loading:

a) The connection o

but device to‘a full "on" state is attainable by any one of the following methods

an actual motor to the motor output terminals such that enough loading is

provided to actuate trlle output devices;

b) The connection of a resistive or resistive-inductive load to the motor output terminals such that
enough loading is provided to actuate the output devices; or

¢) The connection of
a full "on" state indep

a remote circuit to each controller such that the output devices are actuated to
endent of any loading.

93.3.4 Upon actuation of the output devices, a short is introduced across the motor output terminals and
the controller is operated until the protective devices open the short circuit.

93.3.5 For each sample se

lected, the controller is only required to be subjected to one short circuit test.
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93.4 Test circuit

93.4.1 The requirements in Sections 52 — 55 are to be applied except as noted in 93.3 and the test circuit
is to be calibrated as described in Section 57, Calibration of Test Circuits, at the maximum available short
circuit current for which the motor controller is rated.

94 Breakdown of Components Test

94.1 A solid state contactor shall comply with the requirements in 60.1.

94.2 With reference to 94.1, each of the following conditions is considered as resulting in abnormal
operation of an ac rated contralled load. These conditions are considered to be unacceptable

a) Asymmetrical swifching other than half-wave;

b) Half-wave operatipn for a single-phase controller rated less than 5 horsepower; or

c) Transmitting 1 cy,
thus permitting poss

cle or more of voltage source to the motor with the control in the’off position
ble rotation of a de-energized motor.

95 Operation Tests

95.1 General

95.1.1 A solid state moto
sequence as described in 8]

95.1.2 During and upon ¢
voltage starting features sh
a risk of fire or electric shog
in 95.1.3 shall not glow or
result in dielectric breakdow

95.1.3 To asses the risk g

controller with a reduced voltage starting féature is to be subjected to the tes
y.2.

bmpletion of the operation tests, the“solid state motor controller with reduceq
il be electrically and mechanically operable and there shall be no evidence o
k. The fuse specified in 95.1:3-shall not open and the surgical cotton specified
lame. The Dielectric Voltage-Withstand Test specified in Section 89 shall no
n.

f electric shock, (the' outer enclosure (if any) and grounded or exposed dead

metal parts are to be conn

cted through a.30-ampere fuse to the supply circuit pole least likely to arc tq

ground. For grounded contrpl circuits, the ‘enclosure and grounded or exposed dead metal parts are to bg
connected through the 30-gmpere fuseto ground. Surgical cotton is to be placed at all openings, handles
flanges, joints, and the like ¢n the outside of the enclosure.

Exception: The cotton is pot’required to be provided when circuit breakers (either inverse-time of
instantaneous trip types) complying with UL 489, are being relied upon to provide branch circuit short
circuit protection.

95.1.4 Before all operation tests, the test sample is to be mounted, connected, and operated as
described in the Temperature Test, Section 45.

95.1.5 A solid state circuit intended to provide short circuit or overload protection is to be defeated during
the operation tests unless specifically evaluated. These tests are to be conducted with the voltage ramp
setting adjusted for the minimum ramp time.

95.2 Controller overload

95.2.1 A motor controller having the coil circuit interlocked or sequenced such that in normal operation
the contactor does not make or break load current is to be tested at the maximum current permitted by the
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current limiting control, if provided, but at least 150 percent of full-load current. Five operations are to be

conducted.
95.3 Single phasing

95.3.1 A three-phase solid

state motor controller with reduced voltage starting features is to be operated

with one line disconnected at the input. The test is to be conducted by disconnecting one line with the
controller operating at maximum normal load and is to be repeated by initially energizing the device with
one disconnected. The test is to continue until the temperature stabilizes.

95.4

Inoperative blower motor

95.4.1 A solid state motor
be operated at rated load
protective device or until the

95.5 Clogged filter

95.5.1  An enclosed solid s
ventilation openings is to be
be conducted initially with th
be repeated under a full bl
stabilizes.

controller with a reduced voltage starting feature having forced ventilation is'to
vith an inoperative blower motor or motors until the test is terminated-by a
temperature stabilizes.

tate motor controller with a reduced a voltage starting feature having filtered
operated with the openings blocked to represent cloggedfilters. The test is to
e ventilation openings blocked approximately 50 percent. The test is then to
bcked condition until terminated by a protective device or until temperature

95.6 Current limiting control

95.6.1 A solid state moto
limiting control is to be ope

[ controller with a reduced voltagé.'starting feature incorporating a current
rated with the load increased to.cause the device to operate in the current

limiting mode. When the cufrent limiting control is adjustable;’it is to be adjusted to the setting producing

the most severe results. The
of the overload protective de

RATING
96 Details

96.1 A solid-state motor ¢
controller with reduced volf

duration of the test is not to"exceed the maximum time required for operation
vice or system supplied.

bntroller.shall be rated as described in Section 72 except a solid state motor|
age, starting features shall be rated in horsepower (hp) and FLA (full load

current) and shall indicate

vhether equipment is for direct current or alternating current. The rating for

alternating current shall include tThe number of phases and frequency.

MARKING

97 Details

971

Marking shall be in accordance with the requirements in Sections 73 — 75.

97.2 A marking shall be provided specifying that a replacement fuse is to be of the same type and rating
as originally supplied. The marking shall be located on or adjacent to the fuseholder or the mounting studs
of a fuse that is required to comply with the requirements in Section 93.
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PART VIl - FLOAT- AND PRESSURE-OPERATED SWITCHES
GENERAL
98 Glossary

98.1 FLOAT-OPERATED SWITCH — A switch that is mechanically operated by the position of a float in a
liquid. The float does not contain electrical parts and is the only part of the device that comes in contact
with the liquid.

98.2 FLOAT SWITCH — A cord-connected switch that is enclosed in a float and suspended by the power
supply cord into a vessel containing water or sewage The switch is actuated by the position of the float in

the liquid.

98.3 MAXIMUM RATED H
subjected, including abnorn

98.4 MAXIMUM RATED (
switch is intended to control

CONSTRUCTION
99 General

99.1 Float and pressure @
13-43.

99.2 A float and pressure
Connections — Permanently
Connected Devices, as app,

99.3 A polymeric materia
complete or partial enclosu
and the Water Exposure an
Equipment Evaluations, UL

99.4 The enclosures of pr
enclosures of electrical con

RESSURE - The maximum pressure the switch assembly is intended-to be
al pressure, as specified by the manufacturer.

DPERATING PRESSURE — The highest value of the pressurevange that the
as specified by the manufacturer.

perated switches shall comply with the construction requirements of Sectiong

operated switch shall comply with the requirements in Section 100, Supply
-Connected Devices, or in Section 101, Supply Connections— Cord- and Plug
fopriate.

that is used as the.enclosure for a float switch or encloses or acts as 3
re of electrical components in a float operated switch shall comply with 7.5.1
d Immersion Tests in the Standard for Polymeric Materials — Use in Electrica
746C.

essure.operated and float-operated switches incorporating complete or partia
hponents, such as those constructions meant to be mounted to the wall of &

vessel, and pressure ope

rated switches incorporating complete or partial enclosures of electrica

components, such as those constructions meant to be mounted to the wall of a vessel shall comply with
the construction, performance, and marking requirements for enclosures in Sections 7 — 12 this Standard.

99.5 A pressure vessel, an air filter, a piston operator, or similar device shall withstand hydrostatic
strength tests consistent with the intended use unless it is certified by the National Board of Boiler and
Pressure Vessel Inspectors and bears an ASME Code inspection symbol other than the UM symbol.

100 Supply Connections — Permanently-Connected Devices

100.1 A pressure switch or similar equipment intended to be supported only by rigid conduit shall be
provided with a conduit hub or nipple.

100.2 A pressure switch employing a flare or compression fitting as the pressure connection shall have
provision for fastening a conduit hub or nipple unless mounting brackets or holes are provided.
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100.3 A conduit hub or nipple attached to the enclosure of a pressure switch or similar equipment by
swaging, staking, or similar means shall comply with the pullout, bending, and torque test requirements
described in Section 105.

100.4 The effective lead length outside of the float-operated device shall not be less than 4 inches (102
mm).

100.5 The length of a grounding lead, if provided, shall not be less than 6 inches (152 mm). See also
42.2.1 if the lead is insulated.

101 Supply Connections

— Cord- and Plug-Connected Devices

101.1

Exception: A cord-connecte
use with single phase therm

a) Provided with an
cord when rated not

b) Marked as in 108.1
101.2 When provided, an 3

101.3 The flexible cord of
designated by "W", such as

PERFORMANCE

102 General

102.1 Float switches, float
applicable tests specified in

102.1. A device that employ
VI, Solid-State AC Motor G

employs a mercury switch shall alsocomply with the applicable tests in Part IX, Mercury Tube Switches.

A cord-connected device shall be provided with a length of hard service or junior hard service
flexible cord and shall comply with 26.11.3 and 26.11.5.

float switch provided with a 15A attachment plug and receptacle inténded fori
hlly protected sump pumps shall be:

8 AWG cord when rated not more than 7.2 FLA, or provided-with a 16 AWG
nore than 9.8 FLA; and

.
ttachment plug shall comply with 26.11.4.

a float switch shall comply with 26.11.1vand shall also be water resistant,
h Type SW or SUW cord.

operated switchesand pressure operated switches shall be subjected to the
this section. The tests are to be conducted in the sequence indicated in Table
5 a solid-state switching device shall also comply with applicable tests in Part
ontrollers,~or*Part VIIl, Semiconductor Relays and Switches. A device that

Table 102.1

Sequence of Tests

Sample number?
Standard Test 1 2 3 4 5 6
reference
Sequence | Sequence | Sequence | Sequence | Sequence | Sequence

Section 45 Temperature 1

Section 103 Overload 1

Section 104 Endurance 2

Section 51 Dielectric Voltage- 2 3

Withstand
Section 52 Short Circuit 1

Table 102.1 Continued on Next Page
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Table 102.1 Continued
Sample number?
Standard Test 1 2 3 4 5 6
reference
Sequence | Sequence | Sequence | Sequence | Sequence | Sequence

Section 71 Pressure 1
Section 105 Hub and Nipple 1
Section 106 Float Switch 1

& All or any combination of sequences may be conducted on a single sample if agreeable to those concerned. More than one
sample may be used if more than one rating is being tested. One sequence need not be completed as a prerequisite to the starting
of another.

103 Overload Test

103.1 A float- or pressufe-operated switch shall perform acceptably when subjected to. @) test as
described in Section 47 on| a test circuit having the parameters described in Table 103.1 fof-ac and dq
motor loads and general usk ratings. For other ratings, the test circuit shall have parameters described in
Table 47.1.

Table 103.1
Parameters for Overload Test
Operations
Closed test Rate in seconds
circuit voltage Power
Device used for Amperes® ratio® factor Number On Off
AC Motor Load®®
Part 1 6° 1.1-1.0 04=0.5 50 1
Part 2 1.5 1.1-1.0 0.75-0.8 50 1 9
AC General Use 1.5 1.1-1.0 0.75-0.8 50 1 9
DC Motor Load®®
Part 1 10 0.55+0.5 d 50 1 9
Part 2 1.5 0:55-0.5 d 50 1 9
DC General Use 1.5 1.1-1.0 1.0 50 1 9

@ Ratio of test value to rated valug.

® When the switch is provided with an‘overload relay, or some similar means that causes the switch contacts to open in response

to the stalled rotor current of the rhotor; then the test current, voltage, power factor, operations rate, and number of operation are to
be in accordance with Section 47 foramacross-the fine starter- Amechanicatadjustment; such as thatof a fioat-, ortever, ofa
float-operated switch or tool-operated adjustment for the pressure setting of a pressure-operated switch, to set the actuation point
for the switch due to liquid level or pressure is not identified as being a similar means.

¢ For devices used for motor loads the overload test is to be conducted in two parts. For part 1, the device shall not be required to
break current. Both parts 1 and 2 (100 operations total) shall be conducted on the same sample.

9 Non-inductive resistance

¢ For single phase motors only. For three phase ac motor loads, the test current is as noted in Table 47.4.

104 Endurance Test

104.1 A float- or pressure-operated switch shall comply with the requirements of the endurance test as
described in Section 48 on test circuits in accordance with Table 104.1 for ac and dc motor load and
general use ratings. For other ratings, the test circuit shall have parameters as described in Table 48.1.
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