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INTRODUCTION
1 Scope

1.1 The requirements in Part | of this Standard apply to enclosed capacitors with integral protection
intended to reduce the risk of rupture and venting of the capacitor enclosure under internal fault conditions.
These requirements apply to capacitors with expansion type protection rated 5 kV or less, and capacitors
with segmented film type protection rated 2 kV or less that are intended for use with appliances, lighting
equipment, air conditioning and refrigeration equipment, motors, and the like, that comply with the

requirements

1.2 The req

for such appliances and equipment.

uirements of Part | may also be used to evaluate the construction only of these types of

capacitors wi
employing po
enclosure su
protection an
using only the

1.3 The req
consisting of

or other disco|
factor correct
intended for i
where the am

1.4 The req
automatic or
power factor
evaluated to t

th ratings greater than the values noted in 1.1 but no greater than 7.2.}
lymeric enclosures or capacitors employing a partial metallic enclosure (i€
h as the cap/cover which is not crimped to the case) that are not provide
 intended to be located in circuits not requiring fault current protéction may
construction requirements of Part I.

uirements in Part Il of this standard apply to general-use”power-factor-c
bne or more capacitors with or without protective fusing,orloverloads, with or w
hnect device all within a protective enclosure; rated 600V maximum and inten
on of circuits in accordance with the National Elecirieal Code, NFPA 70. This
nstallation in ordinary locations, in accordance with the National Electrical Cq
bient temperature does not exceed 40°C (104°%F) maximum. See 1.4.

lirements of Part Il of this standard do not apply to power factor correction u
other circuit monitoring/conditioning-€ontrols or automatic systems of multi

he Standard for Industrial Control Panels, UL 508A as an industrial control pan

1.5 A compdonent capacitor used in a-power factor correction unit as described in Part Il o

has been ev4d
been evaluatsd

1.5A There
intended to p

d for a minimum fault.current rating of 10k AFC.

juirements in _Part 1l cover equipment having ac voltage ratings above 1000

V. Capacitors
remainder of
H with internal
be evaluated

brrection units
ithout a switch
ded for power-
5 equipment is
de, NFPA 70,

hits containing
ple connected

correction units. Power factor correction units with these additional feafures shall be

el.

this Standard

luated for across-the-line”applications in accordance with Part | of this Stapdard and has

V, up to 46 kV,

rovide powerifactor correction for AC power systems. The power factor co

covered by Part Ill of this Standard are metal-enclosed assemblies consisting of one or mo

capacitor(s),
power factor

rrection banks
e shunt power

vith ar:without additional controls and switching devices necessary to providg control of the
Df the, system to which the equipment is connected. The power factor correction equipment

covered by Part\lll of this Standard may be rated for indoor or outdoor use, and cover equipment intended
for use in ordinary locations in accordance with the National Electrical Code.

1.6 The requirements of Supplement SA apply to electrolytic capacitors for motor start or similar
applications including dc circuits rated 600 V or less.

1.7 A capacitor that complies with the requirements in Part | of this standard is intended to be mounted
within an appliance or within equipment for which an acceptable outer enclosure is provided.

1.8 The requirements in Part |, Part I, and Part lll do not apply to capacitors covered by the Standard for
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-14.

1.9 Other types of capacitors may be investigated to establish compliance with these requirements, and
with such additional test criteria as may be found necessary.
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1A Compon

1A1

ents

A component of a product covered by this Standard shall:

a) Comply with the requirements for that component as specified in this Standard;

b) Be used in accordance with its rating(s) established for the intended conditions of use; and

c)Beu

sed within its established use limitations or conditions of acceptability.

NOTE: See Annex A for a list of additional standards covering components generally used in the products covered by this Standard.

1A.2 A compensen

component req

a) Invd
produc

b) Is sy

c) Is s
used W

1A.3 Specifi
capabilities. S
temperatures

1A.4 A com
ground-fault g

thereof, shall
devices that p

1B Units of

1B.1 Values
approximate ir

1C Refereng

1C.1  Any un

quirement that:

Ives a feature or characteristic not required in the application of the, com
S

perseded by a requirement in this Standard; or

parately investigated when forming part of another compenent, provided the
ithin its established ratings and limitations.

components are incomplete in construction, features or restricted in
uch components are intended for use onlysunder limited conditions, su

bonent that is also intended to perforin other functions such as overcurre
ircuit-interruption, surge suppression, any other similar functions, or any
comply additionally with the requirements of the applicable UL Standard
ovide those functions.

Measurement

stated without parentheses are the requirement. Values in parentheses are ¢
formation.

ted Publications

dated-reference to a code or standard appearing in the requirements of this

nith a specific

bonent in the

component is

performance
th as certain

not exceeding specified limits, and shall be used only under those specific condlitions.

nt protection,
combination
s) that cover

explanatory or

standard shall

be interpreted

as-referring to the latest edition of that code ar standard

1C.2 The foll

owing publications are referenced in this Standard:

ASTM A90/A90M, Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc
or Zinc-Alloy Coatings

ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process

ASTM E162, Standard Test Method for Surface Flammability of Materials Using a Radiant Heat Energy

Source

ASTM E230/E230M, Standard Specification and Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples
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IEEE 4, Techniques for High-Voltage Testing
IEEE No. 18, Shunt Power Capacitors

IEEE C37.04, Ratings and Requirements for AC High-Voltage Circuit Breakers with Rated Maximum
Voltage Above 1000 V

IEEE C37.09, Standard Test Procedures for AC High-Voltage Circuit Breakers with Rated Maximum
Voltage Above 1000 V

IEEE C37.24, Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-Enclosed Switchgear

IEEE C37.20.8, Metal-Enclosed Interrupter Switchgear (1 kV-38 kV)
IEEE 386, Separable Insulated Connector Systems for Power Distribution Systems.abéve 600 Volts
ANSI/NEMA €CH1, Electric Power Connection for Substations

NFPA 70, Natjonal Electrical Code

UL 50, Enclogures for Electrical Equipment, Non-Environmental ©onsiderations

UL 50E, Enclosures for Electrical Equipment, Environmental.Considerations

UL 62, Flexible Cords and Cables

UL 94, Tests for Flammability of Plastic Materials-for Parts in Devices and Appliances
UL 224, Tubing, Extruded Insulating

UL 347, Mediim-Voltage AC Contactors, Controllers, and Control Centers

UL 248-1, Loy-Voltage Fuses—~Part 1: General Requirements

UL 248-11, Lgw-Voltage Euses — Part 11: Plug Fuses

UL 486A-486B, Wire Connectors

UL 508A, Industrial Control Panels

UL 723, Test for Surface Burning Characteristics of Building Materials
UL 746A, Polymeric Materials — Short Term Property Evaluation

UL 746B, Polymeric Materials — Long Term Property Evaluations

UL 746C, Polymeric Materials — Use in Electrical Equipment Evaluations
UL 796, Printed Wiring Boards

UL 810A, Electrochemical Capacitors
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UL 840, Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment
UL 969, Marking and Labeling Systems

UL 1059, Terminal Blocks

UL 1332, Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment

UL 4248-1, Fuseholders — Part 1: General Requirements

UL 60384-14, Fixed Capac:tors for Use in E/ectron/c Equ:pment - Pan‘ 14: Sect/onal SpeCIf/catlon Fixed
Capacitors for,

UL 61058-1, Switches for Appliances — Part 1: General Requirements
2 Glossary
2.1 For the purpose of this standard the following definitions apply.

2.2 CAPACITOR ROLL - The layered and rolled interior windings.of a capacitor, which is also known as
the element.

2.3 CLASS 2 CIRCUIT — A circuit supplied by a Class 2°seurce in accordance with Arti¢le 725 of the
National Electfical Code, NFPA 70.

2.4 COMPONENT CAPACITOR - Refers to .a-capacitor evaluated to Part | of the| Standard. A
component capacitor is also referred to as "capacitor.”

2.5 CONTROQLLED ENVIRONMENT - Anrenvironment that is relatively free of conductive gontaminants,
such as carbgn dust and the like, that'may result from the end-use equipment in which @ capacitor or
power-factor ¢orrection unit is installed’ or due to the location of the end-use equipmenit, and that is
provided with protection against humidity and the formation of condensation.

2.6 DRY TYPE CAPACITOR-~ A capacitor that contains no liquid and utilizes a solid diel¢ctric medium
other than way.

2.7 ELECTRODEs-EOIL TYPE - Capacitor plates consisting of thin metal or “foil” separated by a
dielectric.

2.8 ELECTRODE, METALLIZED — Capacitor plates consisting of dielectric material covered with metallic
deposits such as aluminum on the surface. This type of electrode has a tendency to self restore or "re-
heal" after local breakdown of the dielectric.

2.9 ELECTROLYTE - Current conducting solution (liquid, gel, or solid) between two electrodes or plates
of an electrolytic capacitor at least one of which is covered by a dielectric film.

2.10 ELECTROLYTIC CAPACITOR — A capacitor consisting of two conducting electrodes whose anode
has a metal oxide film. The oxide film acts as the dielectric or insulating medium. The electrode without the
film and the electrolyte serve as the cathode. Electrolytic capacitors may be provided with either a solid or
liquid electrolyte and may or may not be polarized.

211 ENCLOSURE - In Part | enclosure refers to the capacitor element housing. In Part Il enclosure
refers to the ultimate housing.
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212 FIELD-WIRING TERMINALS - Terminals to which supply, control, output, or other permanent
connections are made when the unit is installed.

2.13 HAZARDOUS LIVE PARTS — A live part having a potential greater than 30 Vrms (42.4 Vpeak) or 60
Vdc between the part and ground or a grounded part, or between adjacent live parts.

2.14

INTERNAL PROTECTION BRIDGE — A device that aids in the expansion of the capacitor

enclosure in a direction that will interrupt the circuit, also referred to as a pressure interrupter.

215 LEAD-

2.16 LIMIT

An insulated wire provided as the electrical connection to the capacitor.

D-POWER CIRCUIT — A circuit involving a potential of not more than 30 Vrms (42.4 Vpeak)

or 60 Vdc ang
and a fixed in
source as spq

2.17 POLE

relative to oth
other to strike
several poles

218 POWE
by a wattmets

219 POWE
increase the [

220 POWE
connected ah
of that individ

221 PRESY
protection de
by a build-up

2.22 PRIMARY CIRCUILF — A circuit that is directly connected to the AC main supply, fo

means for co
devices.

supplied by a limited power battery, a Class 2 transformer, or a combination.e@
pedance that as a unit complies with all the performance requirements-far 3
cified in Exception No. 2 of 34.1.1.

| EAST LIKELY TO STRIKE TO GROUND - A pole that, by its pOsition or pg
er poles of a capacitor or power-factor correction unit, considéred to be less
to ground. In a three pole device, this pole would usually be the middle pole. It
to be equally least likely to strike to ground. In this case-any pole may be used

R FACTOR — The ratio of the actual power of an AC power producing produc
r to the apparent power as measured by an ammeter and a voltmeter.

R-FACTOR CORRECTION - Addition ,of\Capacitors to an inductive circt
ower factor by making the total currentsnore nearly in phase with the applied V

R-FACTOR CORRECTION UNIT.—A group of capacitors housed in one enc
ead of an induction load (such as’large motor driven equipment) to correct th
hal load. Also referred to as_a unit in this standard.

bURE SENSITIVE INTERRUPTER (EXPANSION TYPE PROTECTION)
ice that assists inthe'éxpansion process by providing resistance to internal pr
Df gases. Also referred to as an internal protection bridge.

nnections)to the AC supply, the primary windings of transformers, motors ang

F a transformer
limited power

tential or both
ikely than any
is possible for
for the test.

I as measured

it in order to
oltage.

osure that are
e power factor

— An integral
pssure caused

r example, the
other loading

2.23 SAFE

Y CIRCUIT — Any primary or secondary circuit that Is relied upon to reduce

he risk of fire,

electric shock, injury to persons, or electrical energy — high current levels. For example, in some
applications, an interlock circuit is considered to be a safety circuit.

2.24 SAFETY EXTRA LOW-VOLTAGE (SELV) CIRCUIT — A secondary circuit which is designed and
protected so that under normal and single fault conditions voltages do not exceed 30 Vrms (42.4 Vpeak) or
60 Vdc.

2.25 SECONDARY CIRCUIT — A circuit conductively connected to the secondary winding of an isolating
power supply transformer. A secondary circuit has no direct physical connection to a primary circuit, but is
coupled to the primary by electromagnetic induction only.
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2.26 SEGMENTED METALLIZED ELECTRODE (SEGMENTED FILM TYPE PROTECTION) — An
integral protection means where the metallized type electrode disconnects, similar to the way a fuse
operates, due to a surge in current under a fault condition.

2.27 SEPARATOR - A liner provided to insulate the contents of the electrolytic capacitor from the
external metal can.

2.28 SUPPLY CIRCUIT — The circuit supplying electrical energy to the product from a branch circuit or
battery feed.

2.29 VENTING MECHANISM - The means employed within an electrolytic capacitor to relieve pressure
when the contents of the capacitor overheat due to a fault condition.

3 General
3.1 Comporjents
3.1.1 Deleteg/
3.1.2 Deleteg/
3.1.3 Deleteg/
3.1.4 Deleteg/
3.2 Units of measurement
3.2.1 Deleteg/
3.3 Undated references
3.3.1 Deleteg/
PART | - CAPACITORS

CONSTRUCT|ON

4 Enclosurq

4.1 General

4.1.1 A capacitor shall be provided within an enclosure that houses all live parts other than the supply
leads, terminals, or discharge resistor.

4.2 Metallic

4.21 A metal enclosure shall be 0.010-in (0.25-mm) thick minimum, if of steel, and 0.016-in (0.41-mm)
thick minimum, if of aluminum, brass, or copper.
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4.3 Nonmetallic

4.3.1

A polymeric material used as part or all of an enclosure shall comply with the applicable

requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

4.3.2 A polymeric material used as part or all of an enclosure shall;

a) Comply with the flammability test — 3/4-in (19.1-mm) flame, specified in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C; or

b) Be classed V-2 minimum in accordance with the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94.

4.3.3 Thefo
for Polymeric
nonmetallic m

a) Mec
b) Moi
c) Con
d) Con
e) Die
f) Agin

g) Res
under

4.3.4 Withr
temperatures
shall have a 1
temperature n
Term Propert
properties de
strength as d
Evaluations,

Withstand Tes

lowing are among the factors that shall be taken into consideration when asin
Materials — Use in Electrical Equipment Evaluations, UL 746C, to judge\the ac
aterial with respect to its intended application:

hanical strength;

sture-absorbent properties;
hbustibility;

npatibility with dielectric mediums;
ectric strength;

g characteristics; and

istance to distortion at maximum-temperatures to which the enclosure may
conditions of normal or abnormal-use.

pgard to mechanical strength, aging characteristics, and resistance to distortio
of operation described in4.3.3 (a), (f) and (g), a polymeric material used as
elative mechanicald4emperature index without impact of at least 70°C (158°F)

y Evaluations,"\UL 746B. With regard to the moisture-absorbent and diel
scribed in 433.3 (b) and (e), a polymeric material shall meet the requirement
bscribed-in. Table 6.1 of the Standard for Polymeric Materials — Use in Electri
Ul 746C"The compatibility with dielectric mediums is addressed with the Diel
t of\Section 13.

j the Standard
ceptability of a

be subjected

n at maximum
an enclosure
or the marked

ating, whichever lis greater, in accordance with the Standard for Polymeric Materials — Long

betric strength
s for dielectric
cal Equipment
ectric Voltage-

4.3.5 A nonmetallic enclosure material that also functions as an insulator shall comply with Insulating
Material, Section 6.

5

5.1

Internal Protection Bridge

A polymeric material used as an internal protection bridge or pressure interrupter shall have a

relative mechanical temperature index without impact in accordance with the Standard for Polymeric
Materials — Long Term Property Evaluations, UL 746B, at least equal to that of the capacitor enclosure.

See 4.3.4.
6

6.1

Insulating Material

application, and shall comply with the requirements specified in Table 6.1.
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Exception No. 1: A polymeric insulating material that is not rated for, or does not comply with, the hot wire
ignition or high current arc resistance to ignition requirements in Table 6.1 shall not be used unless the part
fabricated with the polymeric material complies with the applicable testing requirements outlined in the
“additional consideration for materials not meeting pre-selection test performance levels” as prescribed in
the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, Table 6.2.

Exception No. 2: Products that have a minimum 1/2-in (12.7-mm) over surface spacing from terminal-to-
terminal are not required to comply with the polymeric insulating material requirements of Table 6.1.

Table 6.1
Polymeric insulating material
Properties
Resistance to ignition Electrica
Dielectric Comparative
High current breakdown tracking index
Hot wire (HWI)® (HAI)® strength® (CTI)®
Minimum Maximum Maximum Maximum
flammability performance performance Minimum volts, performance
Application class? level category level category \V] level category
Contact with V-0 4 3 - -
insulated live
parts® V-1 4 2
V-2 4 2
Contact with V-0 4 3 5,000 5
uninsulated live
parts® V-1 3 2 5,000 5
V-2 2 2 5,000 5
@ The flammabilify classification is to be determined by thetests described in the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94.
b Tests are to be|conducted in accordance with the.Stahdard for Polymeric Materials — Short Term Property Evaluation, UL 746A.
Requirements fgr each test are specified in the(Standard for Polymeric Materials — Use in Electrical Equipment Evgluations, UL
746C.
¢ Also applies to fa nonmetallic enclosuresin\contact with insulated current-carrying live parts and where there are n¢ uninsulated
current carrying parts.
4 Also applies tofa nonmetallic enclostire in contact with uninsulated live parts or where the enclosure is within 1/39in (0.8 mm) of
uninsulated live parts.

6.2 Internal insulating materials shall comply with the requirements for the Dielectric Voltgge-Withstand
Test, Section {3Nnternal insulating materials shall have a relative mechanical temperature|index without
impact of at |dastZZ0°C (1 RR°|:) or-the marked temperature ra’ring marked on-the Pnp:\nifnr whichever is
greater, in accordance with the Standard for Polymeric Materials — Long Term Property Evaluations, UL
746B.

Exception: Internal insulating materials for capacitors not subjected to the Fault-Current Test, Section 12,
shall comply with the following requirements:

a) Shall be classified HB minimum in accordance with the Standard for Tests Flammability of
Plastic Material for Parts in Devices and Appliances, UL 94, or comply with the flammability — 12
mm flame test specified in the Standard for Polymeric Materials — Use in Electrical Equipment, UL
746C;

b) Shall have a relative mechanical temperature index without impact of at least 70°C (158°F) or
the marked temperature rating marked on the capacitor, whichever is greater, in accordance with
the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B; and
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¢) Shall comply with the requirements for dielectric strength criteria as described in Table 6.1 of the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

6.3 A capacitor having a metal enclosure shall have an insulating liner of non-moisture-absorbent
material between the capacitor roll and the metal enclosure. In addition, the capacitor shall resist the
absorption of moisture by having the capacitor roll completely immersed in a sealing compound or other

material that may be used for the purpose.

7 Leads, Te

7.1

rminals and Internal Wiring

insulation of the lead shall not be less than the temperature rating of the capacitor.

A lead of a capacitor shall be rated for the voltage and current involved. The temperature rating of the

7.2 The corn
complies with

Exception: Beé
the Pull-Out
minimum thic

7.3 An integ
capacitor sha
spacings and
with the Stang

Exception: A

outlined in 7.4.

7.4 Atermin
a) The
b) The
c) The
coppe

intend

d) The
Sectio

nection of a lead inside a capacitor shall be secure. Strain relief shall be
the Pull-Out Test, Section 9.

re leads provided for securing the capacitor to a printed wiring board need n
[est of Section 9. Bare leads provided for this purpose shalleomply with th
ness requirements outlined in 7.5.

ral terminal connector or terminal block employed{for making electrical co
| be mechanically secured to the capacitor to prevent movement that would re
or damage to connections. A terminal block shall be rated for the applicatid
ard for Terminal Blocks, UL 1059.

terminal connector or terminal block may alternatively be evaluated to the

al connector or terminal block shall comply with the following:
insulation criteria for contact with uninsulated parts as outlined in Table 6.1;
spacings criteria of Section 8;

requirements (0f)7.5 and if intended for connection of copper wiring, be lim
[ alloy or othersuitable material found to prevent galvanic corrosion when in ¢
d connection wiring (see Figure 7.1); and

mold_stress test of Section 11 and if provided with screw terminals, the

provided that

ot comply with
b material and

nections to a
sult in reduced
n and comply

requirements

ted to copper,
bntact with the

torque test of

NSAS.3.
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Figure 7.1
Metal compatibility chart
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0 005 055 (0of7 08 08 09 10 105 11 115 125 1.35 1.4 145 16 1.65 1.7 1.75 | Mognesium; yhognesium alloys
0 005 Of2 03 035 04 05 055 06| 065 075 08 09 095 1.1 115 1.2 1.25| Zinc, zinc ollpys
0 045 025 03 035 045 05 0.55 fo5 11 115 1.2,[\80 tin/20 Zn on steel,
Zn on iron of steel
q 01 o015 02 03 035 04 09 0.95 1,0 1.05| Aluminium
0 005 01 02 025 03 0.8 0.83 09) 095| Cd on steel
0 005 015 02 025 03 04 05 055 06]|0.75, 080,85 09 AI/Mg alloy
0 01 015 02 025 035 045 0.5 055/ 07)0.75 0.8 0,85 Mid steel
0 005 01 015 025 035 04 0.5 0.65 0.7 0,75 | Duralumin
0 005 01 0,2 03 0.35\0.4 0.55 0.7 | Lead
0 005 0.5 0.25.0.3 035 055 055 0.6 Cr on steel, poft solder
Ag = Silver
Al = Alugninium 0 01,02 025 03 045 05 055 0.6 | Cr on Ni on |steel, tin on steel,
Cr = Chrpmium 12% Cr stainless steel
Cd = Codmium ¢ 01 015 02 0.35 0.4 D.45 0.5 | High Cr stoirfess steel
Cu = Copper
mig : Ni(:: :fsmm 0 005 01 025 03 035 0.4 | Copper, copppr alloys
Rh = Rhddium
Zn = Zin 0 005 0.2 025 0.3 0.35] Silver solder,
austenitic stginless sieel
0 0156 0.2 025 0.3 | Ni on steel
NOTE. — Corrosion |due 1o electrochemical ,ction” between dissimilar 0 0.05 0.1 0.15] Siiyer
metals which ore ih contact s minimized. if the combined electro—
chemicol potentiol }s beloy about 06V.( In the following table the 0 0.05 0.1 |Rh on Ag on|Cu,
combined electrochemical potentials are listed for o number of pairs sliver /goid olloy
of metals in common use; combinations above the dividing line
should be ayoided. 0 0.05]| Carbon
0 Gold, platinum

S3426E
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7.5 A wiring terminal of a capacitor shall be provided with a soldering lug, pressure terminal connector,
wire-binding screw, or quick-connect terminal rated for securing the size of the conductor to be connected.
The terminal material shall be at least 0.020-in (0.51-mm) thick and shall be of copper, copper alloy, tin
plated steel, or other metal rated for the application. Wire-binding screws shall be limited to connections
with 10 AWG (5.26 mm?) or smaller conductors.

Exception: For capacitors rated over 5,000 V, a terminal plate tapped for a wire-binding screw shall be of
metal not less than 0.030-in (0.76-mm) thick for a 14 AWG (2.1 mm?) or smaller wire and not less than
0.050-in (1.27-mm) thick for a wire larger than 14 AWG (2.1 mm?). There shall be sufficient threads to
provide two full threads engagement with the screw.

7.6 A quick-connect terminal shall be provided with a detent, such as a dimple (depression) or hole in a

tab that acts t

Exception: C:
are not requ
minimum thic

7.7 Insulate

internal conddictors shall be rated for the voltage, temperature, and other conditions of use

are subjected
Section 1A fo

Exception: In
thermoplastic|
outlined in Se

8 Spacings

8.1 The ele
polarity, or a d

Exception No
are surroundg

Exception No|
the Standard
Equipment, U
overvoltage (

b engage a raised portion on the connector providing a latching means for the

pacitors employing terminal forks for securement of the capacitor to @)printe
red to be provided with a detent. The terminal fork shall comply with the
ness requirements outlined in 7.5.

] conductors serving as internal wiring and sleeving serving’as insulation f

in the intended application and in accordance with theapplicable component
component requirements.

sulated sleeving employed for internal conductors and/or connections m
material not previously evaluated in accordahce with an applicable compone
ction 1A may alternatively be evaluated to'the Conductor Insulation Test of Se(

rounded-metal part shallmot be less than the applicable value specified in Tab

1: Electrical spacings are not specified for those parts that are inside the enc
d by a dielectric-medium. See 6.3.

2: As amalternative to the spacing requirements of Table 8.1, the spacing r¢
for Insulation Coordination Including Clearances and Creepage Distances
L 840-may be used. See Section 33.2 for details. In determining the polluti
ategory, the end-use application is to be considered, and may require

mating parts.

d wiring board
material and

br uninsulated
to which they
standard. See

olded from a
nt standard as
tion 10.

ctrical spacing between an wninsulated live part, and an uninsulated live part of opposite

e 8.1.

osure and that

bquirements in
For Electrical
bn degree and
characteristics

thAacao il adin 22 9 D apa DD 9

different than

ot
TTOSCTTTOICatC O 1T OU. Z. Z Al OJ. Z. 9.

Table 8.1
Spacings
Capacitor rating Minimum spacings
v Through air Over surface

in (mm) in (mm)
0-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
301-660 3/8 (9.5) 12 (12.7)
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Table 8.1 Continued

Capacitor rating Minimum spacings
v Through air Over surface
in (mm) in (mm)
661 — 2000 3/4 (19.1) 3/4 (19.1)
2001 — 5000 3/4 (19.1) 1 (25.4)
5001 — 7200 2 (50.8) 3-1/2 (88.9)
PERFORMANCE
9 Pull-Out Test
9.1 With refgrence to 7.2, the connection for a capacitor lead shall withstand the pull-6ut tegt described in

9.2 without an

9.2 Six sam(
direction perp
be:

a) 20 Ik

b) 8 Ibf
10 Conduct

10.1 Fifteen
accordance W

minimum thickness used or are to be of a size representative of the end-use and subjected tq

test outlined in

evidence of lead pull out.

les of a capacitor are to be subjected to a gradual force applied to each lead
endicular to the plane of the surface at which the lead enters the capacitor. T

f (89 N) for 18 AWG (0.82 mm?) and larger leads; of

(36 N) for leads smaller than 18 AWG (0.82 mm?).
br Insulation Test

samples of the tubular style insulation employed in capacitors are to be ¢
ith Table 10.1. The fifteen samples are to be 4-in (102-mm) diameter or

10.2 and 10.3.

10.2 Followi

g the conditioning;seach sample is to be subjected to a dielectric voltage

for 1 minin a
he force shall

onditioned in
square in the
the following

within a test

chamber. Theelectrodes of the dielectric equipment shall be placed on opposite sides and in the center of

the sample.
physical evid
positive indica

10.3 Asare
5000 V. In ad

conditioning or moist air conditioning

he voltage is.t0"be applied at a uniform rate of 500 V/s until breakdown
nce of dielectric breakdown is not apparent, the voltage is to be reapplied
ion is pfoduced.

bccurs. When
until a more

ult'\of this test, the average breakdown value for each set of samples shall b

) shall be no less than one-half the value of the as-rece

no less than
o either oven
ived samples.

For example, when the as-received samples had a breakdown of 15000 V, then the conditioned samples

shall not have

a breakdown less than 7500 V.

Table 10.1
Conductor insulation conditioning
Number of Samples Conditioning

5 As received

5 Oven exposure at 100 +2°C (212 £3.6°F) for 72 h, or the rated temperature of the
capacitor, if rated higher than 100°C (212°F)

5 Exposure to moist air (90% + 5% RH) at a temperature of 30 +2°C (86 +3.6°F) for 24
h
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11

11.1

Mold Stress Relief Test (Terminals Blocks/Terminal Connectors)

A terminal block and terminal connector evaluated in accordance with 7.4 shall be conditioned in an

air-circulating oven for 7 h at a temperature of 10°C (18°F) plus the maximum rated temperature of the
intended capacitor. At the conclusion of the conditioning, the terminal block shall be examined for damage

such as crack

ing, warping or loosening of contacts.

11.2 As a result of the conditioning, there shall be no sign of damage to the terminal connection device

such as crack

12 Fault-Cu

ing, warping or loosening of contacts.

rrent Test

12.1

12.1.1 Whe

a) For
expelli

b) For
prescr

12.1.2 Unde
exceed 0.5 in
exceed the 0.
Because of th
necessary to

12.1.3 The manufacturer shall specify the miaximum voltage and the maximum available

excluding trar

Generlll

N tested under the induced fault conditions specified in this section:

a capacitor with expansion type protection, the enclosure shall-not vent, Ig
hg the dielectric medium; or

a capacitor with segmented film type protection, there shall not be ignition
bedin 12.1.10.

r test conditions the expansion of a capacitor with expansion type prote
(12.7 mm) except that capacitors intended forpower factor correction applicg
5 in (12.7 mm) expansion limit if sufficient space can be provided in the end u
e large size of many power factor correction capacitors, additional expansion
bllow for safe expansion as a result of overheating from an abnormal condition

sients of the capacitor. See Table 12.1.

ak, or rupture

of the cotton

ttion shall not
tions only can
se application.
space may be

fault current —

Table 12.1
Current for fault-current test
Number of Number of Current®
test samples™| test samples
Intended (metaltized (foil 10,000 | 5,000 | 1,000 [ 200 60 30 15 5 2.5
application electrode)® electrode)? A A A A A A A A A
General 42 total 42 per fault 84 X X X X X X X
application, and total
power factor
correction
applications,
across-the-line
or in series with
other impedance
Air conditioning 30 total 30 per fault 60 X X X X X
or refrigeration total
and motor
applications
HID ballast, 36 total 36 per fault 72 X X X X X X
across-the-line total
applications
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Table 12.1 Continued
Number of Number of Current®
test samples | test samples
Intended (metallized (foil 10,000 | 5,000 | 1,000 | 200 60 30 15 5 2.5

application electrode)® electrode)? A A A A A A A A A
HID ballast 24 total 24 per fault 48 X X X X
(secondary or total
extended
primary)
applications
Fluorescent 30 total 30 per fault 60 X X X X X
ballast, across- total
the-line
applications
Fluorescent 18 total 18 per fault 36 X X X
ballast, total
secondary
applications

@ Test samples fg
having the maxin]

b Values of fault-4

¢ Three samples

I Type A and Type B faults specified in 12.2.1: three samples for each fault type and current with th

bst currents other than those specified may be used for specific conditions er applications.

um and minimum enclosure height and base size.

‘or each fault current with the capacitors having the maximum and minimum enclosure height and

e capacitors

base size.

Note: The fault c
capacitor. The cg
over time. The m
maximum fault ¢
during the life of

rrent test is intended to address protection of the capacitor from available fault currents over the li
pacitor is intentionally internally faulted to represent dielectric breakdown that would occur within t|
hximum fault current test levels represent a complete intefnal)dielectric breakdown in the capacito
rrent available. The lower fault current test levels represent the various stages of internal dielectri
he capacitor where the available fault current will be\€ss:

e of the
he capacitor
with the
breakdown

1214 The t
intended to be
connected to
circuit voltage

Exception: A
concerned.

1215 The't

factor is requited for thedntended application of the capacitor. The power factor is not spec

available fault

1216 The't

bst-circuit voltage is to be the highest'rated voltage of the circuit to which th
connected or the voltage across-the capacitor, whichever is higher. The encl
he live pole that is determined ‘to be least likely to strike to ground in servid
of the test circuit is not to belless than 100% nor more than 105% of the rated

voltage more than 105% of the rated voltage may be employed if agree

bst circuit power factor is to be the highest available for the circuit, unless g

current'is/1,000 A or more; however, the power factor of the circuit is to be recq

e capacitor is
psure is to be
e. The open-
oltage.

able to those
lower power

fied when the
rded.

bst_circuit is to have sufficient capacity to deliver the fault currents specified

in Table 12.1

with the test terminals short-circuited with a copper bar that is not more than 12-in (305-mm) long and that
has a cross-sectional area of at least 3 in? (19.4 cm?).

12.1.7 A branch-circuit fuse is not to be employed in the test circuit as protection for a capacitor.

12.1.8 Representative production samples of the minimum and maximum enclosure sizes — minimum
base size and minimum height, maximum base size and maximum height — are considered to represent
the intermediate enclosure sizes. If one combination of base size and height of a capacitor represents
another, only the representative capacitor need be tested. The number of samples to be employed in the
test program is to be as specified in 12.2 and Table 12.1.

12.1.9 For capacitors with expansion type protection, the samples are to be filled with the oil that will be
used in production and sealed. If use of an alternate dielectric medium is desired, the test program is to be
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repeated using the alternate medium. Each capacitor is to be marked or coded to indicate the type of fault
and the type of medium.

12.1.10 For capacitors with segmented film type protection, the enclosure is to be wrapped in cotton.

12.2 Sampl
12.2.1

12.2.1.1

e preparation

Capacitors with foil electrodes

The required number of samples, as indicated in Table 12.1, to complete each test are to be

prepared. For paper and foil windings, an internal fault is to be induced by removal of a section of the

paper dielect

ic between the foil layers at the top margin, to a depth of 1/2 in (12.7 mm)

and a width of

approximately
a) Typ

b) Tyq
manuf
of the

Exception: O
not prohibitea
and increaseq(

12.2.2 Capacitors with metallized electrodes

12221 A §
prepared. Fo

applying a hig

12.2.2.2 Pri
temperature ¢
fault), a highe

12.3 Test method

Cap4citors with internal pressure interruption mechanisms

1/2in (12.7 mm), at the following locations:
e A — In a layer of the capacitor roll within fifteen layers from the outer end-of th

e B — In a layer of the roll within fifteen layers from the innen.end of the
cturer's option, a short circuit consisting of no paper between.foils for the first
oll.

her methods of inducing internal faults that produce.representative protecto
from being used. Among these are contaminated-dielectric, elevated ambier
test-circuit voltage.

ufficient number of samples as indicated in Table 12.1 to complete each
 capacitors with expansion type-protection, the samples are to be intern

pr to the test, the samples are to be conditioned for a minimum of 2 h in an ov
f the capacitor. If necessary, to defeat the rehealing of a capacitor (that is, se|
I temperature may beused if agreeable to those concerned.

12.3.1
12.3.1.1 Th
applicable, a

currents spec

12.2

ee'samples

e roll; and

roll or, at the
6in (152 mm)

actuation are
t temperature,

test is to be
lly faulted by

h-voltage DC potential with a curfrent not more than 300 mA, sufficient to caus¢ breakdown.

en at the rated
If-clearing of a

.1or12.2.2 as

of each size with induced faults, prepared in accordance with

ified in Table 12.1.

12.3.1.2 One sample is to be mounted in one of each of the following three positions:

a) With the major axis of the capacitor vertical and the terminals on top;

vels of fault-test

b) With the major axis of the capacitor horizontal and, when the capacitor is oval-shaped, with the
minor axis of the oval horizontal; and

¢) With major axis of the capacitor vertical and the terminals on the bottom.

12.3.1.3 When the protective device does not function at the lowest current level specified in Table 12.1,
the current is to be increased by increments of 2.5 A. Quick-connect terminals are not prohibited from
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being used in circuits in which the available fault current is 200 A or less. The enclosure is to be connected
to the live pole of the capacitor that is least likely to strike to ground in service.

12.3.1.4 Leads connected to the test terminals are to be 12 AWG (3.3 mm?) or larger, and are not to be
longer than 2 ft (0.61 m).

12.3.1.5 The application of the voltage is to be continued for not less than 1 min after interruption of the
fault current. If there has not been reestablishment of current or any indication of a tendency to restrike
(unusual heating, internal arcing, or the like) before the end of the 1-min interval, the performance is
acceptable. If evidence of a tendency to restrike has been noted, the voltage is to be applied until it is
definitely determined that complete and permanent interruption of the circuit has occurred, or until the
ultimate effect on the capacitor has been determined, but not longer than 2 h. Re-establishment of the
circuit that resglts in venting or enclosure rupture is not acceptable.

least 2 h, the
, and the test

12.3.1.6 If the protective device does not function after the circuit has been energizéd for a
sample may bg replaced by a substitute sample of the same construction and fault condition
is to be repeated.

12.3.1.7 At the conclusion of the test, the dielectric withstand test is condueted.

12.3.2 Capa
interruption n

citors with segmented metallized electrode protection (no internal pressy
hechanism)
n accordance

12.3.2.1  Thrge samples of each size for each fault current)with induced faults prepared i

with 12.2.2, a
currents spec
cycling the ca
current. In ord

e subjected to the rated maximum fault<test current and to the lower level
fied in Table 12.1. See Table 12.1 for samples required. The test method s
pacitors between a DC voltage usedto break the capacitors down and the
br to cycle the samples, they are connected to a circuit as outlined in Figure 12

5 of fault test
nall consist of
AC fault-test
1.

12.3.2.2 A sihgle cycle consists of:
a) The|AC fault current at specified voltage is applied to the test sample capacitor(s) fpr 5 s.
b) The|connection between the AC fault current circuit and test capacitor is then ogened and the
test capacitor is discharged for 30 to 60 s through a 3 MQ resistor.
c) After the discharge, the test capacitor is connected to a DC voltage supply of 2,000 V (limited to
300 mA\) for 2 § to'induce an internal fault. This value may be adjusted if determination is made that
the vollage levels are not adequately inducing internal faults.
d) Theleennectionbetweenthe DGCvoltagesupplyand-thetesteapacitoristhenopened and the

test capacitor is discharged for 30 to 60 s through a 3 MQ resistor.

12.3.2.3 The above cycle shall be repeated until the test sample capacitance loss measures 5% of its
original reading or ultimate results occurs.

12.3.2.4 When the protective mechanism does not function at the lowest current level specified in Table
12.1, the current is to be increased by increments of 2.5 A. Quick-connect terminals are not prohibited
from being used in circuits in which the available fault current is 200 A or less. The enclosure is to be
connected to the live pole of the capacitor that is least likely to strike to ground in service.

12.3.2.5 Leads connected to the test terminals are to be 12 AWG (3.3 mm?) or larger, and are not to be
longer than 2 ft (0.61 m).

12.3.2.6 At the conclusion of the test, the dielectric withstand test is conducted.
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Figure 12.1

Cycling test circuit for testing segmented metallized electrode type capacitors

Z1 R1

S1

®

C1 C2 C3 C4 C5 Cn

D.C.
Power

Supply

AC Fau
Supply

su1296a

50Hz testing to b
(Vtest =1.20x Vrated)

t Current
50/60 Hz)

b performed at a test voltage equal to 120% of Rated \/oltage.

Current and voltgge monitoring points:

V1 —op

11-AC

BN circuit voltage

est current

V2 — D{ breakdown voltage

12-DC

V3 -Cq

Components for
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An AC
voltage.

A small

breakdown current

pacitor voltage
he circuit:

upply capable of providing the required short circuit current or AFC and the required open cirg

uit voltage or test

DC.power supply capable of obtaining the desired breakdown voltage.

Z1 - The impedance added to the circuit impedance to achieve the desired fault current at the test voltage.

R1 — A resistor sized to limit the peak DC current to 1% of the normal peak current for the capacitors under test.

S1 — A switch where the "a

the DC breakdown current.

C1 through Cn — The capacitors under test.

contact is capable of switching the AC fault current and the "b" contact is capable of switching
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12.4 Restrike test (expansion type protection only)

12.4.1  When tested as described in 12.4.2 there shall be no venting or rupture of the enclosure of a
capacitor with expansion type protection.

12.4.2 One capacitor out of three (that is, one capacitor from each of the samples tested at each current
level for each fault-current test) in which the protective device has actuated during the fault-current test is
to be connected in a circuit of voltage equal to that of the fault-current test circuit, and positioned in the
same manner as in the fault-current test for that sample. The samples chosen are to be those with the
least amount of swelling, or those for which minor restrikes were noted during the fault-current test. This

test is to be conducted for at least 48 h.

13 Dielectrig

13.1  All sam
dielectric volta
sample.

Exception: Ca
received diele

13.2 To det¢
using a 500 \}
potential is to
for 1 min. The
with correct in

13.3 Asana

13.4 The tes|
voltage applie

13.5 A capa
terminals and

t Voltage-Withstand Test

bles that have been subjected to the Fault-Current Test, Section 12, shall'be
ge-withstand test as described in 13.2. There shall be no dielectric brea

pacitors not subjected to the Fault-Current Test, Section‘q2;”shall be subjeq
ctric voltage-withstand test between terminals and enclosuré only as outlined il

rmine if a capacitor complies with the requirements in 13.1, the capacitor is
A or larger capacity transformer, the output valtage of which can be varied
be increased from zero until the required test level is reached, and is to be he
increase in applied potential is to be at a substantially uniform rate as rapid a
lication of its value by a voltmeter.

ternative, a DC potential equal to_1:4 times the AC potential specified in 13.4 n

t voltage applied shall consist;jof a 60 Hz alternating potential of 1,000 V plus t
| between terminals and(enclosure.

citor with a nonmeétallic enclosure is to be tested by applying the voltage

subjected to a
down of any

ted to an as-
h 13.4.

to be tested
. The applied
d at that level
5 is consistent

hay be used.

vice the rated

between the
he surface on

a metal foil tightly“wrapped around and contacting all surfaces other than t

which the terminals are attached.

MANUFACTURING AND PRODUCTION TESTS

14 Dielectri¢ Voltage-Withstand Test

14.1 Each capacitor shall withstand without electrical breakdown, as a routine production-line test, the
application of a 40 — 70 Hz potential between terminals and enclosure as specified in 13.4. As an
alternative, a DC potential equal to 1.4 times the AC potential specified in 13.4 may be used.

Exception No. 1: The test potential application time may be reduced to 1 s if the test potential is 1,200 V
plus 2.4 times the rated voltage.

Exception No. 2: This test is not necessary if the capacitor enclosure is made entirely of insulating
material for capacitors.

14.2 The test equipment shall include a transformer having an essentially sinusoidal output, a means of
indicating the test potential, an audible or visual indicator of electrical breakdown, and either a manually
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reset device to restore the equipment after electrical breakdown or an automatic reject feature of any

unacceptable

14.3

capacitor.

voltmeter in the output circuit to directly indicate the test potential.

14.4

If the transformer output is 500 VA or larger, the test potential may be indicated:

a) By a voltmeter in the primary circuit or in a tertiary-winding circuit;

b) By a selector switch marked to indicate the test potential; or

c) For

14.5 If a m3
shall include
been reset fol

14.6 Testeq

e the test potential.

rking is used without an indicating voltmeter as described in 14.4 (b) or (c),
b positive means, such as an indicator lamp, to indicate that the manually re
owing a dielectric breakdown.

uipment other than those described in 14.2 — 14.5 may be-Used if equivalent.

If the output of the test equipment transformer is less than 500 VA, the equipment shall include a

isible location to

the equipment
set switch has

MARKINGS
15 General

15.1 Each cppacitor shall be legibly and permanently ‘marked with:

a) The manufacturer's name, trade name, of-trademark;

b) The date or other dating period of manufacture not exceeding any three consecutiye months;

c) A digtinctive catalog numbersorthe equivalent;

d) The| capacitance in microfarads and tolerance as a percentage;

e) The voltage rating;

f) The frequencyin‘hertz;

g) Theltemperature rating when the capacitor is rated over 70°C (158°F); and

rked with the

h) Ca

hbacitors r‘nmplying with the fault current test of Section 12 shall be ma
maximum fault current and the words "Internally Protected" or "Protected".

Exception No. 1: When the manufacturer's identification is provided in a traceable code, the product shall
be identified by the brand or trademark owned by a private labeler.

Exception No. 2: When the date of manufacture is abbreviated or in a nationally accepted conventional
code, or in a code affirmed by the manufacturer, the code:

a) Shall not repeat in less than 20 years; and

b) Shall not require reference to the production records of the manufacturer to determine when the
product was manufactured.
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Exception No. 3: Capacitors not subjected to fault current testing per Section 12 shall not be marked as
required in (h) above, nor shall any literature or packaging provided with the capacitors indicate that they
have been evaluated for fault current protection in accordance with Section 12.

Exception No. 4: Capacitors intended for use in power factor correction units may be marked in KVAR

rather than microfarads.

PART Il - POWER-FACTOR CORRECTION UNITS

GENERAL

16 Terminol

16.1 The ter
of a unit cover

CONSTRUCT]

17 Frame ar

17.1 Aunits
the abuses to

ogy

M "unit" as used in these requirements refers to all power-factor correctionin
bd by these requirements unless specifically noted otherwise.

ON
d Enclosure

hall be formed and assembled so that it will have the'strength and rigidity nece
which it is likely to be subjected, without increasingthe risk of fire, electric sho

persons due t¢ total or partial collapse with a resulting reduction' of spacings, loosening or di

parts, or other

17.2 A unit §
electric shock,

17.3 A unit

serious defects.

bhall be provided with an enclosure that houses all parts that may present
or injury to persons under intended\eonditions of use.

hall have a means for securely mounting it in position. Bolts, screws, and oth

for mounting the unit shall be independent.of those used for securing components.

17.4 Mountin
provided by th

17.5 If the bn
in a risk of inj
demand of exf

g instructions shall be furnished with each unit. If special hardware is requir
e manufacturer. A'mounting means shall comply with Static Load Test, Section

eakage or damage of a part such as an enclosure, a frame, a guard, or the lik
Liry to pefsons, the material of the part shall have properties such that the p
ected conditions of operation and use.

17.6 An enc

ts or any part

ssary to resist
Ck, orinjury to
placement of

a risk of fire,

er parts used

ed, it shall be

46.

2, might result
art meets the

osure, a frame, a quard, a handle. or the like shall not be sufficiently sharp f

o constitute a

risk of injury to persons during normal maintenance or use.

Exception: This requirement does not apply to a sharp edge that might be exposed to enable the unit to
perform its intended function.

17.7

instrument housing, or both together, shall comply with the requirements for an enclosure.

If an electrical instrument, such as a meter, forms part of the enclosure, the face or the back of the

Exception: An electrical instrument connected in a secondary circuit need not comply, if damage or
deterioration of the materials comprising the housing will not result in a risk of fire or electric shock.

17.8 Material supporting terminals or used as internal electrical insulation of an electrical instrument shall
comply with Insulating Materials, Section 28.
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Exception: An electrical instrument connected in a secondary circuit need not comply, if damage to or
deterioration of the materials will not result in a risk of fire or electric shock.

17.9 A compartment or part of an enclosure that contains field-wiring splices for other than low-voltage
circuits shall not be provided with ventilating openings.

17.10 A sheet-metal enclosure or part of an enclosure shall have a thickness not less than that specified
in Table 17.1.

Exception: A part of an enclosure that complies with the Compression Test, Section 43, and the Deflection
Test, Section 44, need not comply with Table 17.1.

17.11 An enclosure, frame, or cover of a material other than steel shall have a thicknésg not less than
that specified|in Table 17.2.

17.12 With eference to Table 17.1 and Table 17.2, a supporting frame is a structdre of angle or channel
or folded rigig section of sheet metal that is rigidly attached to and has essentially the|[same outside
dimensions ds the enclosure surface and that has sufficient torsionalrigidity to resist the bending
moments thaf may be applied by the enclosure surface when it is deflected” A structure thdt 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 sipgle sheet with single formed flanges — formed edges;
b) A sihgle sheet that is corrugated or ribbed;
c) An g¢nclosure surface loosely attached to a frame, for example, with spring clips; afnd

d) An ¢nclosure surface having an unsupported edge.

Thickness of sheet metal for en-lc:.?g;?;:e?s{ carbon steel or stainless stee
Without supporting frame? With supporting frame or equivalent Minimum acceptable thickness
reinforcement?

Maximum width® | Maximum'ength® | Maximum width® Maximum length Uncoated Metal coated
in (cm) in (cm) in (cm) in (cm) in (mm) in (mm)
4.0 (10[2) Not limited 6.25 (15.9) Not limited 0.020°  (0.51) | 0)23¢  (0.58)

4.75 (12]1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not Timited 95 (24.7) Not Timited 0.026° (0.66) 0.029¢ (0.74)
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) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (563.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Without supporting frame? With supporting frame or equivalent Minimum acceptable thickness
reinforcement®
Maximum width® | Maximum length® | Maximum width® Maximum length Uncoated Metal coated
in (cm) in (cm) in (cm) in (cm) in (mm) in (mm)
25.0 (63.5) Not limited 39.0 (99.1) Not Limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (11944) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (132]1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.[111 (2.82)
60.0 (15214) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160J0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185}4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
@See 17.12.
® The width is th¢: smaller dimension of a rectangular piece of sheet metal that is partdf anenclosure. Adjacent surfaces of an
enclosure may hiave supports in common and be made of a single sheet.
¢ Not limited applies only if the edge of the surface is flanged at least 1/2 in (12.7\mnm) or fastened to adjacent surfaces not
normally removdd in use.
9 Sheet steel forfan enclosure intended for outdoor use — raintight or rainproof — shall not be less than 0.034-in (0.8p-mm) thick if
zinc coated and hot less than 0.032-in (0.81-mm) thick if uncoated.

Table 17.2
Thi¢ckness of sheet metal for electrical enclosures — aluminum, copper, or brass

Withgut supporting frame?® With supporting frame or equivalent
reinforcement?® Minimym acceptable

Maximum width® Maximum length® Maximum width® Maximum length thickness

in cm) in (cm) in (cm) in (cm) in (mm)
3.0 7.6) Not-limited 7.0 (17.8) Not limited 0.023 (0.58)
3.5 8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)

4.0 (110.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 2.7 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)

6.0 (15:2) Not limited 14.0 (35.6) Not limited 0.03 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)

8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
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 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not Limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)

Table 17.2 Continued on Next Page
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Table 17.2 Continued

Without supporting frame? With supporting frame or equivalent
reinforcement? Minimum acceptable
. b . < - b - thickness
Maximum width Maximum length Maximum width Maximum length
in (cm) in (cm) in (cm) in (cm) in (mm)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)
@See 17.12.
® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent/suffaces of an
enclosure may have supports in common and be made of a single sheet.
¢ Not limited applies only if the edge of the surface is flanged at least 1/2 in (12.7 mm) or fastened to adjdcent surfaces not
normally removgd in use.
4 Sheet copper, |brass, or aluminum for an enclosure intended for outdoor use — raintight or rainproof ~ shall not b less than
0.029-in (0.74-rpim) thick.

17.13 A pol

Path Il of Table 4.1 (i.e. applicable to non-portable equipment) in-the Standard for Polyme

Use in Electri

Exception No|
the enclosure
for Tests for R
the hole is 0.6

Exception Noj
parts accessi
Wire, and Mo

17.14 A pol
greater than
spread rating

a) The

ymeric enclosure or polymeric part of an enclosure shall’comply with the re

cal Equipment Evaluation, UL 746C.

need only be made of a material classified~\V-0, V-1, or V-2 in accordance wit
ammability of Plastic Materials for Parts.irrDevices and Appliances, UL 94, wi
in? (3.9 cm?) or less.

2: When the part is removed«and there are no hazardous live parts (see 2|
ble to the user as determined-by the Accessibility of Uninsulated Live Parts
ing Parts, Section 18, the part is not required to comply with 17.13.

ymeric material enelosure, having in any single unbroken area, a projecteqg
0 ft? (0.93 m?)-0r_a single linear dimension greater than 6 ft (1.83 m) shall
of 50 or less when tested in accordance with:

Standardfor Test for Surface Burning Characteristics of Building Materials, UL

b) The

Source,"ASTM E162.

Standard Test Method for Surface Flammability of Materials Using a Radian

quirements of
ric Materials —

1: A polymeric part (such as a reset knob, a'lever, or a button) protruding thfough a hole in

h the Standard
en the area of

| 11) or moving
, Film-Coated

surface area
have a flame-

723; or

t Heat Energy

Exception: A polymeric material with a flame-spread rating greater than 50 may be used as the exterior
finish or covering on any portion of the enclosure if the flame-spread rating of the combination of the base
material and finish or covering has a flame-spread rating of 50 or less when tested in accordance with (a)

or (b).

17.15 A conductive coating applied to a nonmetallic surface (such as the inside surface of a cover or an
enclosure) shall comply with the appropriate requirements in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.

Exception: If flaking or peeling of the coating will not result in a risk of fire or electric shock as a result of a
reduction of spacings or the bridging of live parts, the coating need not comply with UL 746C.
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17.16 The enclosure of a unit shall reduce the risk of molten metal, burning insulation, flaming particles,
or the like from falling on combustible materials, including the surface upon which the unit is supported. A
barrier shall be horizontal, be located as illustrated in Figure 17.1, and shall have an area in accordance
with the figure. Openings for drainage, ventilation, and the like may be employed in the barrier if such
openings would not permit molten metal, burning insulation, or the like, to fall on combustible material.

Figure 17.1

Location and extent of barrier

NOTES

A — Region to be
unshielded portior]

B — Projection of ¢

C — Inclined line {

5° [l
[
|
B ™~ DS
- ~ C
- \1\|‘/—
v 7 N~ ||\\
[ <~ ~gl
\ S~ |4T:> \
~
e
S y
S~ ——

SAQ604 -1

shielded by/barrier. This will consist of the entire component if it is not otherwise shielded and

of a component that is partially shielded by the component enclosure or equivalent.

utlineef-component on horizontal plane.

hat traces out minimum area of barrier. The line is always tangent to the component, 5° from th

oriented that the d

reatraced out on a haorizantal Ir\Innp ismaximum

ill consist of the

P vertical, and so

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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17.17 The requirement in 17.16 necessitates that, a switch, a relay, a solenoid, or the like, be completely

and individual

ly enclosed, except for terminals, unless it can be shown that:

a) Malfunction of the component would not result in a risk of fire; or

b) There are no openings in the enclosure through which molten metal, burning insulation, flaming
particles, or the like could fall.

18 Accessibility of Uninsulated Live Parts, Moving Parts, and Film-Coated Wire

18.1

No opening in the enclosure of a unit shall permit entrance of a 1-in (25.4-mm) diameter rod. An

opening smaller than 1-in diameter is acceptable only if a probe as illustrated in Figure 18.1, when inserted

through the
coated wire th
persons.

18.2 The pr
with a force n
through the o
possible conf
opening.

18.3 Glass
enclosing live

18.4 An uni
protection ag

18.5 A door
securely held

Exception: A
shall be secu
remove it.

18.6 A door
access to an
necessary to
cover providin

]

H H 1 P, I o Wa ) 3 i 1 H [P I H
STy 1 acviuruaricc Wit 1T0.£, Lallliut DT TTiautT U IUULTT alTy uttiriouiatcUu i

at may involve a risk of electric shock, or any moving part that may involve'a

bbe illustrated in Figure 18.1 is to be applied to any depth that the.opening

bt greater than 1 Ibf (4.4 N), and is to be rotated or angled before,-during, and
bening to any position that is necessary to examine the unit. The’probe is to be
guration, and, if necessary, the configuration is to be changed after insertig

br thermoplastic covering an opening for user servieing, such as replacing a |
parts that are guarded in accordance with 19.4.4,shall be reliably retained in p

sulated live part that may involve a risk of electric shock shall be located or er
inst unintentional contact is provided.

or cover that provides access toa live part that may involve a risk of electric
in place so that it can be openedor removed only by using a tool.

door or cover that provides access to a live part that does not involve risk of
rely held in place, but need not be secured so that it is necessary to use a f

overload~protective device the intended functioning of which requires reng
ppen_the-cover in connection with the intended operation of the protective de
g access to a fuseholder shall be tight-fitting, and shall be positively held close

e part or film-
risk of injury to

will permit and
after insertion
applied in any
n through the

bilot lamp, and
ace.
closed so that

shock shall be

electric shock
ool to open or

or cover ofwan enclosure shall be hinged or attached in an equivalent manner if it provides

wal, or if it is
ice. A door or
d.

Exception: A hinged cover is not required if the only overload-protective devices enclosed are
supplementary fuses in control circuits, provided the fuses and the circuit loads are within the same
enclosure, supplementary fuses rated 2 A or less for loads not exceeding 100 VA, extractor fuses having
an integral enclosure, or fuses connected in a low-voltage circuit.

18.7 The operating handle of a circuit breaker, the operating button of a manually-operable protector, the
capped portion of an extractor-type fuseholder, or a similar part may project outside the enclosure.
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19 Protection Against Risks of Electric Shock and Injury to Persons
19.1 General

19.1.1 These requirements apply to live parts in circuits other than low-voltage limited-power circuits,
and to moving parts.

Exception: Electrical components in accordance with 19.5.3 need not comply.

19.1.2 An uninsulated live part involving a risk of electric shock, and a moving part involving a risk of
injury to persons shall be located, guarded, or enclosed so as to reduce the risk of unintentional contact

with such pa

by persons while changing a lamp or fuse adjusting a control, or perfor

ning other like

operations, in

19.1.3
of injury to pe

19.1.4 With

Cluding those performed only at the time of installation or during servicing proe

If opgration, maintenance, or reasonably foreseeable misuse of a unit by theuser

'sons, protection shall be provided to reduce such risk.

reference to 19.1.2, a part that is within the enclosure of a unity'and that canng

from outside the enclosure, see 18.1, by the probe illustrated in Figure 18,17is considered to

guarded. An ¢

19.1.5 A gu
determining i

Figure 18.1, \
be accessible

19.1.6 A pa

pening in a guard shall not permit the entrance of a probe'with a diameter of 1

ard, baffle, or cover that can be removed without using a tool is to be r|
a part is accessible to the user. A part that can be contacted by the prob
hen inserted through an opening in a permanently-attached guard or baffle, is
to persons.

t on the back of a component mounting panel, and a part located so as to

disassembly by using a tool are not considered-to be accessible to the user. Such parts are

accessible to
after disasser]

service personnel unless it is likely that servicing will be done while the parts
nbly.

19.2 Live parts

19.2.1 Live
covers are be

pbarts shall be so arranged, and covers so located as to reduce a risk of elect
ng removed and replaced.

19.2.2 A livg part such as a heat sink for a solid-state component, a live relay frame, an

comply with

he .requirements in 19.4.2 and 19.5.1. Such a part shall also either be gu

edures.

involves a risk

t be contacted
be acceptably
in (25.4 mm).

emoved when
e illustrated in
considered to

require major
hot considered
are energized

ic shock while

1 the like shall
arded against

unintentional

contact by persons or be marked in accordance with 49.4.

19.2.3 With reference to 19.2.2, the size, shape, material, and color give a heat sink or relay-frame the
appearance of a dead metal part. Other live parts that can be mistaken for dead metal are to be similarly
investigated, and guarded or marked.

19.3 Moving parts

19.3.1 The rotor of a motor, a fan blade, a pulley, a belt, a gear or other moving part that could cause
injury to persons, shall be enclosed or provided with other means to reduce the likelihood of unintentional
contact.

19.3.2 A rotating or moving part that might result in a risk of injury to persons if it should become
disengaged, shall be provided with a positive means to retain it in place under intended conditions of use.
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19.4 Mechanical servicing

19.4.1 The requirements in 19.4.2 and 19.4.3 are intended to provide a reasonable degree of protection
to service personnel performing mechanical functions on energized equipment. Such functions do not in
themselves require exposure to live parts involving a risk of electric shock or to moving parts involving a
risk of injury to persons, but it is usually necessary to perform them with the equipment energized.

19.4.2 An uninsulated live part involving a risk of electric shock, and a moving part involving a risk of
injury to persons shall be located, guarded, or enclosed so as to reduce the risk of unintentional contact by
service personnel adjusting or resetting controls, and the like, or performing mechanical service functions
that may be performed with the equipment energized, such as lubricating a motor, adjusting the setting of
a control with or without marked dial settings, resetting a trip mechanism, or operating a manual switch.

19.4.3 Unless guarded, an adjustable or resettable electrical control or manual switchingdevice may be

located or oriented with respect to uninsulated live parts so that manipulation of)the m
adjustment, rgsetting, or operation can be accomplished in the normal direction _ofyaccess
live parts are not located in the direction of access of the mechanism, and are not located n¢
behind the mehanism.

19.5 Electri¢al servicing

19.5.1 An electrical component that may require examination,/adjustment, servicing, or
while energiz¢d shall be located and mounted with respect.to. other components, and w
grounded metal parts so that it is accessible for electrical“service functions without subj

personnel to
impeded by of|

19.5.2 Prote
control compd
panel in the oy

19.5.3 The ¢
or resettable ¢
incremental vg
comply with th
moving parts i

19.5.4 The f
solenoids, an(

risk of electric shock or injury to persons&’Access to components in a un
her components or by wiring in the direction of access.

ction against the risk of electric shock and injury to persons may be obtained
nents so that unimpeded access to each component is provided by an ac
ter cabinet.

ectrical components referred to in 19.5.1 and 19.5.2 include the following: fus
verload relays, magnetically operated relays, manual-switching devices, clog
Itage taps. Suchicomponents in a low-voltage limited energy circuit as define
e requirements.in 19.2 and 19.3 with respect to uninsulated hazardous live
nvolving a risk of injury to persons.

pllowing are not considered to be uninsulated live parts: coils and windir
transformers that are provided with insulating overwraps at least 1/32-in (

echanism for
if uninsulated
ar any side or

maintenance
ith respect to
bcting service
t is not to be

by mounting
Cess cover or

bs, adjustable
k timers, and
d in 2.16 shall
parts, and to

gs of relays,
D.8-mm) thick

rated for the a

plir\nfinn, orthe nqni\/nlpnf; enclosed motor \A/indinge; terminals and cplir‘nc

ith insulation

rated for the application, and insulated wire.

20 Assembly

20.1 An uninsulated live part shall be secured to the base or surface so that the likelihood of the part
rotating or shifting in position as the result of stresses is reduced if such movement might result in a
reduction of spacings below the minimum acceptable values.

20.2 Friction between surfaces shall not be used as a means to reduce the likelihood of shifting or
turning of a live part, but a properly applied lock washer or the like may be used.

20.3 A component such as a rectifier element, a control switch, a lampholder, an attachment-plug
receptacle, or a plug connector shall be mounted securely, and the likelihood of the component turning
shall be reduced by means other than friction between surfaces.
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Exception No. 1: A switch need not be restricted from turning, if all of the following conditions are met:

a) The switch is a plunger or other type that does not tend to rotate when operated (a toggle switch
is considered to be subject to forces that tend to turn the switch);

b) The means for mounting the switch make it unlikely that operation of the switch will loosen it;
¢) Spacings are not reduced below the minimum acceptable values if the switch rotates; and

d) Intended operation of the switch is by mechanical means rather than by direct contact by
persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a sealed neon
pilot or indicagor light need not be restricted from turning, if rotation is unlikely to reduce_-spacings below
the minimum kcceptable value.

20.4 The likplihood that a small stem-mounted device having a single-hole mounting means may rotate
may be reduckd by a properly applied lock washer.

21 Protectipn Against Corrosion

211 Iron and steel parts shall be protected against corrosion™by enameling, painting, galvanizing,
plating, or ap equivalent means. For outdoor-use units, see/the corrosion protection| requirements
specified in 52.2, and Metallic Coating Thickness Test, Section'55.

Exception Ng. 1: Bearings, laminations, and other minor parts of iron or steel, such aq washers and
screws, need|not be protected against corrosion.

Exception No| 2: A part the corrosion of which.would not result in a risk of fire, electric shdck, or injury to
persons need not be protected against corrosion.

22 Supply Connections
22.1 A unit ghall have provision.for the connection of a wiring system.

22.2 A knodkout in a sheet-metal enclosure shall be secured, and shall be removable without undue
deformation of the enclosure.

22.3 A knodgkout shall be surrounded by a flat surface to accommodate seating of a conquit bushing or
locknut of the[appropriate size.

22.4 |If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall, or
if an equivalent construction is employed, there shall not be less than 3 nor more than 5 full threads in the
metal, and the construction of the device shall be such that a conduit bushing can be attached in the
intended manner.

22.5 |If threads for the connection of conduit are not tapped all the way through a hole in an enclosure
wall, conduit hub, or the like, there shall not be less than 3-1/2 threads in the metal and there shall be a
smooth, rounded inlet hole for the conductors. The hole shall afford protection to the conductors
equivalent to that provided by a standard conduit bushing and shall have an internal diameter
approximately the same as that of the corresponding trade size of rigid conduit.

22.6 For an enclosure not provided with conduit openings or knockouts, spacings not less than the
minimum required in Section 33, shall be provided between uninsulated live parts and a conduit bushing
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installed at any location likely to be used during installation. Permanent marking on the enclosure, a
template, or a full-scale drawing furnished with the device may be used to specify locations that may be
used.

22.7 A field-wiring compartment in which supply connections are to be made shall be located so that the
connections will be accessible for inspection after the unit is installed as intended. The bending space
within the field wiring compartment shall be in accordance with Section 24.

22.8 A field-wiring compartment intended for connection of a wiring system shall be attached to the unit
so that the likelihood of turning is reduced.

22.9 An outlet box, terminal box, wiring compartment, or the like in which connections to the supply
circuit will be rhade in the field shall be free from any sharp edges, including screw threads, p burr, a fin, a
moving part, of the like, that may abrade the insulation on conductors or otherwise damagethe wiring.

22.10 Flexible cord of the extra hard usage type, such as Type S, ST, SO, and,the like, may be used as
external intercpnnection from a unit to the field wiring compartment. External cords shall be supplied with a
suitable meang of strain relief (i.e. strain relief bushing) rated to accommodate the gauge and type of cord.

23 Wiring Terminals and Leads

23.1 A field-yiring terminal or lead shall be rated for the connettion of a conductor or conductors having
an ampacity of 135% of the rating of the unit.

23.2 A wiring terminal shall be provided with a pressurgterminal connector.

Exception No.|1: A pressure terminal connector need not be provided if the following conditions are met:
a) A tefminal assembly rated for the application shall be:

1) Supplied by the manufacturer — installed or shipped separately; or

2) Specified in a mafking on the unit in accordance with 49.8 and 49.9;

b) A fastening device,(Such as a stud, nut, bolt, spring or flat washer, or the like, as required for an
effectivie installationyshall either be provided as part of the terminal assembly specified in (a) or be
mounted on or s€parately packaged with the unit;

¢) The| installation of the terminal assembly specified in (a) shall not involve the| loosening or
disass¢mbly’of parts other than a cover or other part giving access to the terminal location;

d) The means for securing the terminal connectors shall be readily accessible for tightening before
and after installation of conductors;

e) If a pressure terminal connector provided in a terminal assembly requires the use of a special
tool for securing the conductor, any necessary instructions shall be included in the assembly
package or with the unit (see 49.10); and

f) After installation of the pressure terminal connector in the intended manner, the unit shall comply
with the requirements in this standard.

Exception No. 2: A wire-binding screw may be employed at a wiring terminal intended for connection of a
10 AWG (5.3 mm?) or smaller conductor. See 23.4 — 23.7.
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Exception No. 3: A wiring terminal need not be provided with a pressure terminal connector if the terminal
is intended for connection of an 8 AWG (8.4 mm?) or larger conductor, and the unit complies with the
requirements in Exception No. 1.

23.3 A wiring terminal shall be restricted from turning or shifting in position by a means other than friction
between surfaces. This may be accomplished by two screws or rivets; by square shoulders or mortises; by
a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent part, or by an equivalent
method.

23.4 A wire-binding screw at a field-wiring terminal shall not be smaller than No. 10 and shall be rated for

connection of

a 10 AWG (5.3 mm?) or smaller conductor.

Exception No|
(2.1 mm®) con

Exception No
mm?) control-

23.5 A wire-

23.6 Aterm
thick and sha
to provide twg

Exception No
adequate me

Exception Ng
number of thr
Tightening To

23.7 Upturn
size specified

23.8 The frg
if the lead is i

23.9 A unit

ductor.

2: A No. 6 screw may be used for the connection of a 16 AWG (1.3.mm?) or
circuit conductor.

binding screw shall thread into metal.

nal plate tapped for a wire-binding screw shall be of metal not less than 0.05
be tapped to provide at least two full threads. The'metal may be extruded at t
full threads.

1. A plate not less than 0.030-in (0.76-mm) thick may be used if the tapped
chanical strength when subjected to the Jightening Torque Test, Section 45.

. 2: Two full threads are not required for a terminal in a limited-power cir
pads results in a secure connection in which the threads will not strip when st
rque Test, Section 45.

ed lugs, a cupped washer, or the equivalent shall be capable of retaining a cg
in 23.4 under the head of the screw or washer.

e length of a'lead inside an outlet box or wiring compartment shall be 6 in (15}
tended far’supply connection.

ated 125 or 125/250 V (3 wire) or less, and having a lamp- or element-holde

shell type, a §

1: A No. 8 screw may be used at a terminal intended only for the connection of a 14 AWG

18 AWG (0.82

D-in (1.27-mm)

he tapped hole

threads have

cuit if a lesser
ibjected to the

nductor of the

P mm) or more

r of the screw-

ingle-pole switch, or an overcurrent protective device other than an automatic

control without

a marked off

position, shall have one terminal or lead identified for the connection of

the grounded

conductor of the supply circuit. The identified terminal or lead shall be the one that is electrically connected
to screw shells of lampholders and to which no single-pole switch or single-pole overcurrent protective
device, other than an automatic control without a marked off position, is connected.

23.10 A terminal for connection of a grounded supply conductor shall be made of, or plated with, metal
substantially white in color and shall be readily distinguishable from other terminals.

Exception: Identification of the grounded supply terminal may be clearly shown in some other manner,
such as on an attached wiring diagram.

23.11 The insulation on a lead for the connection of a grounded supply conductor shall be white or gray,
and shall be readily distinguishable from the other leads.
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24 Wire Bending Space

24.1 The distance between the end of a pressure wire connector or terminal block for connection of a
field installed wire and the wall of the enclosure toward which the wire is to be directed shall be in
accordance with Table 24.1.

Table 24.1
Wire bending space at field wiring terminals
Minimum bending space, terminal to wall
Wires per terminal®
Size of wile 1 2 3 4 or more
AWG or L
MCM (lnm?) in (mm) in (mm) in (mm) in (mm)
14-10 (2.1-5.3) Not specified a a a
8-6 B.4- 1.5 (38) a a a
3.3)
4-3 (21.2- 2 (51) a a a
26.7)
2 (B3.6) 25 (64) a a a
1 (#2.4) 3 (75) a a a
1/0 (p3.5) 5 (127) 5 (127) 7 (178) -
2/0 (p7.4) 6 (152) 6 (152) 7.5 (191) -
3/0 (B5.0) 7 (178) 7 (178) 8 (203) -
4/0 (107.2) 7 (178) 7 (178) 8.5 (216) -
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 (805) 12 (305) 15 (381) 16 (406)
600 304) 14 (356) 16 (406) 18 (457) 22 (559)
700 356) 14 (356) 16 (406) 20 (508) 22 (559)
750 — 800 (380 — 18 (457) 19 (483) 22 (559) 24 (610)
105)
900 U56) 18 (457) 19 (483) 24 (610) 24 (610)
1000 (508 20 (508) —
1250 (663) 22 (559) - - - - - -
1500 — (760 — 24 (610) - - - - - -
2000 1013)
Note: " — " indicates no value established
2 Conductors smaller than 1/0 AWG (53.5 mm?) shall not be connected in parallel.

24.2 Upon leaving the lug or connector, the distance specified in 24.1 shall be measured in a straight line
from the center of the opening in the connector, in the direction in which the wire leaves the terminal,
perpendicular to the enclosure wall.

24.3 When a wire is restricted by barriers or other means from being bent where it leaves the connector,
the distance required by Table 24.1 shall be measured from the end of the barrier.
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24.4 The required bending space is dependent on the size of the anticipated field wiring to the bank in
accordance with the National Electrical Code, NFPA 70.

25 Current-Carrying Parts

25.1 A current-carrying part shall be of silver, copper, a copper alloy, or other material rated for the
application.

25.2 Aluminum used as a current-carrying part shall be acceptable with respect to heating, oxidation,
and connection of dissimilar metals. A wire terminal or connector between aluminum and a dissimilar
metal in which corrosion can occur shall be evaluated by the heat-cycling test specified in the Standard for
Wire Connectors, UL 486A-486B.

25.3 Plated jron or steel may be used for a current-carrying part if:

a) Acceptable in accordance with Section 1A;

b) Within a motor, or its associated controller; or

c) In a|secondary circuit rated 42.4 Vpeak — 30 Vrms or 60 Vdc —-0r less.
25.4 Stainleps steel and other corrosion-resistant alloys may be-ised for current-carrying garts.
25.5 A live gcrewhead or nut on the back of a base or panel shall be recessed not less than 1/8 in (3.2
mm), and coviered with a waterproof, insulating sealing campound that will not melt at a tenperature 15°C
(27°F) higher fthan the normal operating temperature ofthe compound, but not less than 65°C (149°F).
Exception: A|part that is staked, upset, or otherwise reliably restricted from loosening need not be
recessed, buff

a) Sh4ll be insulated from the maunting surface by material other than sealing compqund; or

b) Shdll comply with the spacing requirements specified in Table 33.2.
26 Internal Wiring
26.1 General
26.1.1 The inpternal wiring of a unit shall be rated for the application. Among the factors to [be considered
are temperatyre, voltage, current, and the need for mechanical protection.

26.1.2 Thermoplastic-, neoprene-, and rubber-insulated wire used for internal wiring shall be rated for
the application, and shall comply with the requirements in Table 26.1.

Exception: Thermoplastic-insulated wire connected in an isolated limited-power circuit located where it is
not subjected to mechanical damage and segregated from other circuits, may have an insulation thickness
not less than 0.013 in (0.33 mm). Wiring in such a circuit may be grouped in supplementary tubing rated
for the application to provide the segregation from other circuits and protection against mechanical
damage. See 26.1.4.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 810 2025.pdf

42 UL 810 FEBRUARY 27, 2025

Table 26.1
Characteristics of internal wiring

Nominal thickness . . Nominal thickness of braid or jacket,
Braid or jacket

Insulation in (mm) required in (mm)
Thermoplastic or 1/328 (0.8) No?@ -
neoprene
Rubber 1/32° (0.8) Yes® 1/64° (0.4)
Cross-linked 1/64 (0.4) No -
synthetic polymer

& The thickness may be 1/64 in (0.4 mm) if the wire is provided with an additional braid or jacket having a thickness of not less than
1/64 in.

® For heat-resistaint rubber, other than a silicone type, the wall thickness shall not be less than 3/64 in (1.2 mm)<Ng|braid is
required.

26.1.3 |If the|use of a short length of insulated conductor, such as a short ceiMead, is|not practical,
insulating tubing may be used on a conductor. The tubing shall be subjectedto sharp be¢nds, tension,
compression, pr repeated flexing, or contact with sharp edges, projections, or'‘corners duringfintended use.
See 26.1.4.

Exception: Tubing shall not be used if the unit is intended for use iniwet locations.

26.1.4 Polyv|nyl chloride tubing shall not be less than (0:017-in (0.43-mm) thick at ahy point. For
insulating tubipg of other materials, the thickness of the tubing shall provide the mechanigal strength to
withstand abrasion; and properties such as cut-through:resistance, flame resistance, dielectric properties,
and heat- and| moisture-resistant characteristics thatsare equivalent to 0.017-in (0.43-mm) thick polyvinyl
chloride tubing.

26.2 Protecfion of wiring

26.2.1 Wires, including accessible and"internal wiring (see 18.1), within an enclosure, fompartment,
raceway, or the like shall be located or protected to reduce the likelihood of contact with any sharp edge,
burr, fin, moving part, or the like that can damage the conductor insulation.

Exception: Acgessible interfhal wiring need not be protected if it is located and secured within|the enclosure
so that it is nof likely to be-subjected to stress or mechanical damage.

26.2.2 A hol¢ through which insulated wires pass in a sheet metal wall within the overall ¢nclosure of a
unit shall be provided with smooth, rounded surfaces upon which the wires may bear, To reduce the
likelihood of abrasion of the insulation.

26.3 Electrical connections

26.3.1 An insulated or uninsulated aluminum conductor used as internal wiring, such as for
interconnection between current-carrying parts or in a component winding, shall be terminated at each end
by a method rated for the combination of metals involved at the connection points.

26.3.2 With reference to 26.3.1, a pressure wire connector used as a terminating device shall be rated
for use with aluminum conductors under the conditions involved — for example, temperature, heat cycling,
and vibration.

26.3.3 A splice or connection shall be mechanically secure and shall make reliable electrical contact.
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26.3.4 A soldered connection shall be mechanically secured before being soldered. A hand-soldered
connection shall be mechanically secured, by a means such as bending or the equivalent, prior to being
soldered.

Exception: A wave- or lap-solder connection to a printed-wiring board need not have additional mechanical
security before soldering.

26.3.5 A splice shall be provided with insulation equivalent to that of the wires involved unless
permanent spacings will be maintained between the splice and other metal parts. An acceptable splice
may consist of:

a) A splicing device, such as a pressure wire connector, may be employed if insulated for the
voltagfand temperature involved, or

b) Twd
layer ¢
than 2

Exception: Sp

26.3.6 If inte
opposite pole
upturned end
means to hol

layers of thermoplastic tape, two layers of friction tape, or one layer of friction]
f rubber tape rated for the application may be used on a splice if the-voltage i
b0 V. Thermoplastic tape shall not be wrapped over a sharp edge.

lices within coil windings need not be provided with equivalentinsulation.

rnal wiring is stranded, loose strands of wire shall not&ontact other uninsulat
rity or dead metal parts. At a wire-binding screw; _this may be accomplig

d the wires under the head of the screw. Other acceptable means of retai

stranded intefnal wiring in position are use of a pressure terminal connector, a soldering lug

eyelet.

26.3.7 Ano
the lug, or bo
nut loosens.

ben-end spade lug is not acceptable tunless an additional means, such as upt
5ses or shoulders on the terminal;, is provided to hold the lug in place if the bi

27 Separation of Circuits

271

27.1.1 Insul

General

bted conduetors of different circuits — see 27.1.3 — within a unit, including wire

box or compartment, shall be separated by barriers or shall be segregated, and shall, in

separated or

begregated from uninsulated live parts connected to different circuits.

r insulated conductors of different circuits, if each conductor is provided with i

Exception: Fg

tape and one
hvolved is less

ed live parts of
hed by using

5 or lugs, a cupped washer, barriers, soldering all\strands of wire together, or ofher equivalent

hing the loose
, or a crimped

rned ends on
nding screw or

s in a terminal
any case, be

hsulation rated

for the highes

t of the circuit voltages, no barrier or segregation is necessary.

27.1.2 Separation of insulated conductors may be accomplished by clamping, routing, or an equivalent
means that provides permanent separation from insulated and uninsulated live parts of a different circuit.

27.1.3 For the purpose of the requirement in 27.1.1, different circuits include:

a) Circuits connected to the primary and secondary windings of an isolation transformer;

b) Circuits connected to different isolated secondary windings of a multi-secondary transformer;

and

c) Circuits connected to secondary windings of different transformers.
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27.2 Separa

27.21

tion barriers

metal or insulating material:

A barrier used to provide separation between the wiring of different circuits shall be grounded

a) Classed V-2 or less flammable in accordance with the Standard for Tests for Flammability of

Plastic

Materials for Parts in Devices and Appliances, UL 94;

b) No less than 0.028-in (0.71-mm) thick; and

c) Supported so that it is not readily deformed so as to defect its purpose.

27.2.2 A bard

or uninsulated
enclosure wa

provide separated compartments.

27.3 Field wiring

27.3.1 A uni
specified in 27

a) Fac
circuits

b) An
could r|
person

c) Field
3orb
maxim

Exception: A
circuit if the fi
Class 2 or Cla

27.3.2 Segrs
uninsulated li

shall be constructed so that a field-installed conductor ofta circuit shall be S
.3.2 or separated by barriers as specified in 27.2.1 and27.2.2 from:

fory-installed conductors connected to any other{circuit, unless the condy
will be insulated for the maximum voltage of either circuit;

ninsulated live part of another circuit and.from an uninsulated live part if shor
esult in a risk of fire, electric shock, electrieal energy involving high circuit leve
5; and

-installed conductors connecteddo any other circuit unless both circuits are Cl
bth circuits are other than Class 2 or Class 3, and both circuits will be ins
Im voltage of either circuit.

field-installed conduttor need not be separated from a field wiring terminal
bld wiring will be(insulated for the maximum voltage of either circuit and bo
5S 3 or both cir€uits are other than Class 2 or Class 3.

gation ofa field-installed conductor from other field-installed conductors
e part\eonnected to another circuit may be accomplished by locating an o

enclosure for
the conducto

he conductor opposite to the conductor terminals so that, when the installatio

m) from the
that serve to

egregated as

ctors of both

t circuit with it
Is, or injury to

hss 2 or Class
ulated for the

of a different
th circuits are

and from an
pening in the
N is complete,

anhd parts of different circuits are separated by a minimum of 1/4 in

(6.4 mm). In

determining if a unit having such openings complies with this requirement, the unit is to be wired as in
service including 6 in (152 mm) of slack in each conductor within the enclosure. Not more than average
care is to be exercised in routing the wiring and stowing the conductor slack into the wiring compartment.

27.3.3 With reference to 27.3.2, if the number of openings in the enclosure does not exceed the
minimum required for the proper wiring of the unit, and if each opening is located opposite a set of
terminals, it is to be assumed that a conductor entering an opening will be connected to the terminal
opposite that opening. If more than the minimum number of openings are provided, the possibility of a
conductor entering an opening other than the one opposite the terminal to which it is intended to be
connected and the likelihood of it contacting insulated conductors or uninsulated current-carrying parts
connected to a different circuit is to be investigated.
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28 Insulating Materials

28.1 A barrier or integral part, such as an insulating washer or bushing, and a base or a support for
mounting live parts shall be moisture-resistant material that is rated for the temperature and stresses to
which it will be subjected under conditions of use.

28.2 An insulating material shall be rated for the application. Materials such as mica, some molded
compounds, and certain refractory materials may be used for the sole support of live parts. With respect to
acceptable ratings, consideration is to be given to:

a) The material's mechanical strength, resistance to ignition, dielectric strength, insulation
resistance, and heat-resistant qualities, in both the aged and unaged conditions;

b) The degree to which it is enclosed; and

c) Anylother feature affecting the risk of fire, electric shock, or injury to persons.

Exception: A Standard for

Polymeric Ma

polymeric material complying with insulation requirements outlined in the
ferials — Use in Electrical Equipment Evaluations, UL 746C, may‘be used.

28.3 Ordina
but shall not

'y vulcanized fiber may be used for insulating bushings, washers, separatorg, and barriers,

e used as the sole support for uninsulated live parts;
29 Switches and Controls

29.1 A switg
circuit that it ¢

h or other control device shall have current and voltage ratings not less than those of the
pntrols when the unit is operated in its iitended manner.

29.2 A primary-circuit switch that controls ancnductive load with a power factor less than 75%, such as a

transformer of some ballasts, and that doesinot have an inductive rating shall be either:

a) Rat

b) Inve

29.3 A switd
accordance W

bd not less than twice thé maximum load current under normal operating condi

stigated for the application.

h that controls atungsten-flament lamp shall have a tungsten-filament-lamp ¢
ith the Standard for Switches for Appliances — Part 1: General Requirements

not less than the maximum current it will control.

tions; or

urrent rating in
, UL 61058-1,

Exception: A

Switch not having a tungsten-filament-lamp current rating and rated 3 A or mor

e may be used

to control a 15Worsmmatfertfamp:.

29.4 If unintentional operation of a switch can result in a risk of injury to persons, the actuator of the
switch shall be located or guarded so that such operation is unlikely. The actuator may be guarded by
recessing, ribs, barriers, or the like.

29.5 An on-off switch, provided to de-energize a unit, shall have a marked off position so that the
operator can readily determine by visual inspection if the unit is de-energized.

30 Overload-Protective Devices

30.1 An overload-protective device, the intended functioning of which requires renewal, replacement, or
resetting, shall be readily accessible. See 18.6.
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Exception: An overload-protective device that would ordinarily be unknown to the user because of its
location and omission of reference to the device in the operating instructions, circuit diagrams, and other
instructional materials provided with the unit need not be readily accessible.

30.2 With reference to 30.1, a control-circuit fuse is not considered to require renewal as a result of its

intended funct

ion if the fuse and the load are contained within the same enclosure.

30.3 A circuit breaker connected in the supply circuit shall simultaneously open all ungrounded

conductors.

30.4 A protective device shall be inaccessible from outside a unit without opening a door or cover, and

resetting shall

not require exposure of protected or enclosed live parts.

Exception: Th
protector, and

31 Fuses an

31.1 A fuse
voltage and ¢

cartridge, plug
rated more thg

b operating handle of a circuit breaker, the operating button of a manually o,
similar parts may project outside the enclosure.

d Fuseholders

and a fuseholder shall comply with UL 248-1 and UL 4281-1 and shall be
urrent of the circuit in which they are connected. A fuseholder shall be of
, or extractor type. Plug fuses shall comply with UL{248-11 and shall not be
n 125V or 125/250 V, 3-wire.

31.2 The sc

and ahead of the load.

32 Printed

321 A print
Boards, UL 79
for Tests for Fl

Exception: A
material is pro|

32.2 A resis
printed-wiring

w shell of a plug-type fuseholder and an extractor-type fuseholder shall be

iring

pd-wiring board shall comply with the requirements in the Standard for |
6, and shall be classed V:1(minimum in accordance with the requirements in
bmmability of Plastic Materials for Parts in Devices and Appliances, UL 94.

material classed -2 may be employed, if a closed bottom in the equipmen
Vided or an equivalent barrier is provided.

or, capacitor, inductor, or other part that is mounted on a printed-wiring bo
assembly shall be secured so that a force likely to be exerted on it dur

intended opethion, or servicing of the unit will not result in a risk of electric shock or fire.

berable motor

rated for the
he enclosed-
used in a unit

connected to,

Printed-Wiring

the Standard

{ beneath the

ard to form a
ng assembly,

32.3 A barrier or a partition that is part of the unit, and that provides mechanical protection and electrical
insulation of a component connected to the printed-wiring board shall comply with 27.2.1 and 27.2.2.

33 Spacings

33.1

33.1.1

General

The spacings at field-wiring terminals shall not be less than specified in Table 33.1:

a) Between terminals of opposite polarity;

b) Between terminals and inaccessible uninsulated dead metal parts not always of the same
polarity; and
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c) Between terminals and the enclosure or other accessible dead metal parts not always of the
same polarity, including a fitting for conduit or armored cable.

Table 33.1

Spacings at field-wiring terminals

Potential involved Minimum spacings
v Through air Over surface
in (mm) in (mm)
0-150 1/4 (6.4) 1/4 (6.4)
151 — 30p 4 {643 332 (9.5)
301-60p 3/8 (9.5) 1/2 (12.7)
NOTE - The sppcing at a field-wiring terminal is measured with a wire of the rated ampacity installed.
21/4 in (6.4 mm|) at control-circuit terminals.
33.1.2 Spagings, other than at field-wiring terminals, between live parts of opposite polarity, and between
live and dead|metal parts shall not be less than specified in Table 33.2 or.Table 33.3, whichever applies. If

an uninsulate
if a movable ¢
the minimum

Exception No
spacings of g
3.1.2.

Exception Ng
spacings bety

Exception No

Exception No
may comply \

Exception No
controlled eny

ead metal part is in proximity to an uninsulated live‘part, the construction shg
spacings will be maintained.

1: The spacing requirements in Table 33,2 and Table 33.3 do not apply 1
component. Such spacings shall comply.'with the requirements for the co

. 2: The spacing requirements-in Tables Table 33.2 and Table 33.3 do ng
een coil windings and an uninsulated live part. These spacings shall comply w

3: Ifliners and barriers'are used, the spacings may comply with 33.3.1.

4: As an alternative to the spacing requirements in Table 33.2 and Table

d live part is not rigidly secured in position by means otherthan friction between surfaces, or

Il be such that

0 the inherent
mponent. See

t apply to the
ith 33.1.4.

B3.3, spacings

ith 33.2.

5: Thelspacing requirements in Table 33.2 and Table 33.3 do not apply
ironmentapplications. These spacings shall comply with 33.4.

Exception Ng

b spacings for

. 67 The spacing requirements in Table 33.2 and Table 33.3 do not apply

0 spacings in

circuits supplied by a Class 2 power source in accordance with the National Electric Code or a limited

power source
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Table 33.2
Spacings at other than field-wiring terminals

Minimum spacings
Potentia{/involved Through air Over surface
in (mm) in (mm)
50 or less 1/16 (1.8) 1/16 (1.6)
51—150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
301-600 3/8 (9.5) 1/2 (12.7)
Table 33.3
Spacings beftween an uninsulated live part, and a metal enclosure or other accessiblg dead metal

part including a fitting for conduit or armored cable

Potemtial involved Minimum spacings through air'and over surface
v in (mm)
%0 or less 116 (1.6)
b1 — 150 1/4 (6.4)

151 -600 12 (12.7)

33.1.3 Enam
requirements {

33.1.4 The {
metal part sh
complies with

33.1.5 Aslot
a magnet-coil
spacing to the

33.1.6 All se
comply with th

eled or film-coated wire is considered,f0-"'be an uninsulated live part wi
or spacings.

Il be as specified in 33.1.1, orthe coil shall be provided with an insulatin
he requirements in 33.3.2.

in a molded bobbin for guiding the crossover- or start-lead — unspliced at the
is an acceptable-grossover-lead insulation, if the slot provides a graduate
winding, increasing to the end turns.

condary circuits that are not SELV circuits in accordance with 2.24 or safety
e spacihgrequirements in Table 33.2 or Table 33.3 as applicable.

th respect to

pacings between a magnet-coil-winding, and an uninsulated live part or gfounded dead

g barrier that

windings — of
d through-air

circuits, shall

arts and dead

33.1.7 Spaci

hgs)between uninsulated live parts of opposite polarity, and between such p

metal that may be grounded in service are not specified for parts of a imited-power CIrcuit.

33.1.8 The acceptability of spacings between live parts and dead metal parts connected to the enclosure
within a device, such as a meter, shall be determined in accordance with the Dielectric Voltage-Withstand
Test, Section 42.

33.1.9 Spacings between circuits supplied by an NEC Class 2 source or a limited power source in
accordance with Section 34, and live parts of primary circuits or secondary circuits that are not SELV
circuits, shall be twice the required values noted in Table 33.3.

33.2 Alternative spacings

33.2.1 As an alternative to the spacing requirements of Table 33.2 or Table 33.5, as appropriate, the
spacing requirements in the Standard for Insulation Coordination Including Clearances and Creepage
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Distances For Electrical Equipment, UL 840, may be used. The spacing requirements of UL 840 shall not
be used for field wiring terminals, or spacings to a dead metal enclosure. In determining the pollution
degree and overvoltage category, the end-use application is to be considered, and may require
characteristics different than those indicated in 33.2.2 and 33.2.3.

33.2.2 ltis anticipated that the level of pollution expected or controlled for indoor use equipment will be
pollution degree 2. For outdoor use equipment, pollution degree 3 is expected. Hermetically sealed or
encapsulated enclosures, or coated printed wiring boards in compliance with the printed wiring board
coating performance test in the Standard for Insulation Coordination Including Clearances and Creepage
Distances for Electrical Equipment, UL 840, are considered pollution degree 1.

33.2.3 It is anticipated that a unit will be rated overvoltage category | and overvoltage category Il as
defined in th¢ Standard for Insulation Coordination Including Clearances and Creepage| Distances for
Electrical Equipment, UL 840.

33.2.4 In ordler to apply Clearance B (controlled overvoltage) clearances, controdl of overvpltage shall be
achieved by groviding an overvoltage device or system as an integral part of the:product.

33.2.5 All ptinted wiring boards are considered to have a minimum comparative tracking index of 100
without furthef investigation.

33.2.6 Spagings between circuits supplied by an NEC Class/2"source or a limited power source in
accordance with Section 34, and live parts of primary circuits. or secondary circuits that|are not SELV
circuits, shall pe twice the required values determined in accerdance with Table 33.2.

33.3 Insulating liners or barriers for the reduction of spacings

33.3.1 A bafrier or the equivalent may be uséd to reduce the likelihood of wall-mounting screws from
projecting intq a compartment containing eleétrical parts and reducing spacings to less tharj that specified
in 33.1.2.

33.3.2 An insulating liner or barrier, of material, such as vulcanized fiber or thermoplastic employed in
place of requfred spacings, shallknot be less than 0.028-in (0.71-mm) thick, and shall be sp located or of
such materialfthat it will not be adversely affected by arcing.

Exception No| 1: Vulcanized fiber not less than 0.013-in (0.33-mm) thick or mica not less than 0.0065-in
(0.165-mm) thick may be used:

a) In donjunction with an air spacing of not less than 50% of the minimum acceptaple through-air
spacing;.

b) In a single-plate rectifier element of an isolated secondary circuit rated 50 Vrms or less; or

c) Between a heat sink and a metal mounting surface, including the enclosure, of an isolated
secondary circuit rated 50 Vrms or less.

Exception No. 2: An insulating material having a thickness less than that specified may be used if, upon
investigation, it is found to be acceptable for the application.

Exception No. 3: This requirement does not apply to insulation between a Class 2 secondary crossover
lead, and the secondary winding to which the crossover lead is connected, the metallic enclosure, or the
core of a transformer.
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33.4 Spacings for controlled environment applications

33.4.1 The requirements in 33.4.2 — 33.4.5 and Table 33.4 and Table 33.5 apply to units that are
intended for use in controlled environment applications. See 2.5.

33.4.2 Spacings between field-wiring terminals of opposite polarity, and the spacings between a field-
wiring terminal, and any uninsulated live or dead metal part not of the same polarity shall not be less than
specified in Table 33.4.

Table 33.4
Spacings at field-wiring terminals for controlled environment applications
Minimum spacings
Between field-wiring terminals and other tninsulatied parts not
. Between field-wiring terminals, always of the same polarity
Potential through air or over surface Over surface Through air
involved
\ in (mm) in (mm) in (mm)
0-50 1/8 (3.2)2 1/8 (3.2) 1/8 (3.2)
51-250 1/4 (6.4)° 1/4 (6.4)? 1/4 (6.4)°
251 -600 12 (12.7)? 12 \27)2 3/8 (9.5)

@ These spacing$ apply to the sum of the spacings involved wherever an isolated dead metal part is interposed.

Table 33.5
Primarytcircuit spacings at other than field-wiring terminals and in motors for coptrolled

environment applications

Minimum spacings
Over surface Through ajr
Potential invplved in Vrms (peak) in (mm) in (mm)
0-50 (0-70.7) 3/64 (1.2 3/64 (1.2
51-125 (72.1-176.8) 116 (1.6)° 116 (1.6)°
126 — 250 (178.2%353.5) 3/32 (2.4) 3/32 (2.4)°
251 -600 (354,9 — 848.4) 1/2 (12.7)2b 3/8 (9.5)°

2 Film-coated wife is considered to be an uninsulated live part. However, a spacing of not less than 3/32 in (2.4 mm|) over surface
and through air is acceptable between a dead metal part and film-coated wire that is rlgldly supported and held in place on a coil.

® On printed-wirihg-b6z s d 2 ne filters or
similar voltage peak reductlon networks and components a minimum spacing of 0 0230 in (0 580 mm) pIus O 0002 in (0.005 mm)
per Vpeak shall be maintained over surface and through air between uninsulated live parts and any other uninsulated live or dead
conductive parts not of the same polarity.

33.4.3 In primary circuits other than at field-wiring terminals, the spacings between an uninsulated live
part and any live or dead uninsulated metal part not of the same polarity shall not be less than specified in
Table 33.4 and Table 33.5. If an uninsulated live part is not rigidly fixed in position by means other than
friction between surfaces or if a movable dead metal part is in proximity to an uninsulated live part, the
construction shall be such that the minimum spacings specified in Table 33.4 and Table 33.5 will be
maintained regardless of the position of the movable part.

Exception: A unit that complies with the requirements in 33.2 for alternative spacings need not comply with
the spacings specified in Table 33.4 and Table 33.5.
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33.4.4 Primary-circuit spacings in controlled environment applications apply in all secondary circuits that
are safety circuits and in all non-safety secondary circuits that are not SELV circuits per 2.24, or supplied
by a Class 2 or limited power source per 34.2.

33.4.5 Spacings in controlled environments between circuits supplied by an NEC Class 2 source or a
limited power source in accordance with Section 34, and live parts of primary circuits or secondary circuits
that are not SELV circuits, shall be twice the required values determined in accordance with Table 33.4

and Table 33.5 as applicable.

34 Secondary Circuits

34.1

General

34.1.1 All s§
in controlled 3

Exception No
requirements

Exception Ng
(42.4 V peak)

Exception Nog
shock (i.e. S
components

receptacles a
circuits shall §

34.2 Limite

34.2.1 Circd
following:

a) The
b) Ani

c) An
or

fety circuits located in secondary circuits and all secondary circuits thatare/in
pplications shall be evaluated as a primary circuits.

1: Circuits that comply with 33.2 for alternative spacings and 3412 need not g
for primary circuits.

2: A circuit supplied from a Class 2 transformer o limited power source
or 60 Vdc or a limited power battery rated 60 Vdc ordess need not be investigg

3: Printed wiring assemblies and secondary circuits that do not involve a
FLV circuits) need not be investigated. However, power supplies and pow
such as bus bars, wiring, connectors and similar parts up to and including
nd connectors shall be investigated. Printed wiring boards and insulated wire
e rated for the application.

H power sources

its need not be investigdted if they are supplied by a limited power source com

output is inherently limited in compliance with Table 34.1; or
mpedance.Jimited to the output in compliance with Table 34.1; or

pvercurrent protective device is used and the output is limited in compliance w

tended for use

omply with the

rated 30 Vrms
ted.

risk of electric
er distribution
printed wiring
b used in such

plying with the

ith Table 34.2;

d) A regulating network Timits the oufput in compliance with Table 34.7, both under normal
operating conditions and after any single fault condition in the network (i.e. open circuit or short
circuit); or

e) A regulating network limits the output in compliance with Table 34.1 under normal operating
conditions, and an overcurrent protective device limits the output in compliance with Table 34.2

after any single fault condition in the regulating network (open or short circuit).

34.2.2 Where an overcurrent protective device is used, it shall be a fuse or a non-adjustable, non-
autoreset, electromechanical device.

34.2.3 Alimited power source operated from a primary supply or a battery-operated limited power source
that is recharged for a primary supply while supplying the load, shall incorporate an isolating transformer.
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34.2.4 Compliance is checked by inspection and measurement and where appropriate, by examination
of the manufacturer's data for batteries. Batteries shall be fully charged when conducting the
measurements for U, and I, according to Table 34.1 and Table 34.2.

34.2.5 The load referenced in items 2) and 3) of Table 34.1 and Table 34.2 is adjusted to develop
maximum current and power transfer respectively. Single faults in a regulating network are applied under
these maximum current and power conditions.

Table 34.1
Limits for inherently limited power sources
+ outputcurrent? Apparent power’)
(Uoc) (Isc) (®)
Vag Vdc A VA
<2p <20 <8.0 <5KUqy

20<Uy{<30 20 < U, <30 <8.0 <[00
- 30 < U, <60 <150/U,c <[00

1) Uoe: Maximun) output voltage measured with all load circuits disconnected. Voltages are‘for substantially sinusoidal AC and
ripple free DC. Fpr non-sinusoidal AC and DC with ripple greater than 10% of the peak, the’peak voltage shall not ¢xceed 42.4 V.

2) Is¢: Maximum putput current with any non-capacitor load, including a short circuit, measured 60 s after applicatioh of the load.

3) S (VA): Maximjum output VA with any non-capacitor load measured 60 s after application of the load.

Table 34.2
Limits for power sources not inherently limited (overcurrent protective device reguired)

Currfent rating of

Dutput Voltage” oVercurrent
(Uoo) Output current? Apparent power® protettive device?
(Isc) (S)
Vac Vdc A VA A
<20 <20 < 1000/Uy <250 <5.0
20 < U,, < $0 20 Uy 30 <1000/U,, <250 4100/U,,
- 30.< U, < 60 <1000/Uq, <250 4 100/U,,

1) Uye: Maximuny output voltage'-measured with all load circuits disconnected. Voltages are for substantially sinusoidal AC and
ripple free DC. Fpr non-sinusoidal AC and DC with ripple greater than 10% of the peak, the peak voltage shall not ¢xceed 42.4 V.

2) Ig: Maximum putput current with any non-capacitor load, including a short circuit, measured 60 s after applicatioh of the load.
Current limiting impedances in the equipment remain in the circuit during measurement but overcurrent protective ¢levices are
bypassed.

3) S (VA): Maximum output VA with any non-capacitor load measured 60 s after application of the load. Current limiting
impedances in the equipment remain in the circuit during measurement, but overcurrent protective devices are bypassed.

NOTE: The reason for making measurements with overcurrent protective devices bypassed is to determine the amount of energy
that is available to cause possible overheating during the operating time for the overcurrent protective devices.

4) The current ratings of overcurrent protective devices are based on fuses and circuit breakers that break the circuit within 120 s
with a current equal to 210% of the current rating specified in the table.

34.2.6 Limited-power circuits rated not more than 0.5 mA may be connected to the frame of the unit.

34.2.7 If the frame is used as a current-carrying part of a limited power circuit, a hinge or other movable
part shall not be relied upon to carry current.
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35 Groundi

35.1

ng Connections

A unit shall comply with the grounding requirements specified in 35.2 — 35.10.

35.2 A unit shall be provided with a terminal or lead for grounding all dead metal parts that are exposed

or are likely:

a) To be touched by a person during operation or adjustment of the unit; and

b) To become energized as a result of an electrical fault.

35.3 To determine if a part is likely to become energized, factors, such as the proximity of wiring, the

results of a di
results of app

354 A grou
servicing, ang
as paint or vit

35.5 A wire
have a green
for connectior

a)Am
b) Am

c) Thg
diagra

ETECtric voltage-withstand (est alter a test such as the overload or the enduran
ropriate burnout tests are to be evaluated.

hding terminal or lead shall be located so that it is unlikely to be (removed
the connection to the part to be grounded shall penetrate any nonconductive
eous enamel, on the part.

binding screw for the connection of a field-installed equipment-grounding ¢
colored head that is either hexagonal, slotted, or both<A pressure wire conn
of such a conductor shall be plainly identified by:

arking such as G," "GR," "GND," "Ground," "Grounding," or the like;
arking on a wiring diagram attached to thewnit;
grounding symbol illustrated in Figure 35.1 on or adjacent to the terminal

m provided on the product.

Figure 35.1

Grounding symbol

e test, and the

during normal
coating, such

onductor shall
ector intended

or on a wiring

IEC 60417, DB: 5019

35.6 The grounding terminal shall be rated for securing a conductor of a size rated for the application in
accordance with Table 36.2.
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35.7 A soldering lug, a screwless (push-in) connector, a quick-connect, or other friction-fit connector
shall not be used as a grounding terminal.

35.8 A grounding lead shall be a size specified in Table 36.2 or larger. A grounding lead shall have a free
length of at least 6 in (152 mm) and the surface of the insulation shall be green with or without one or more
yellow stripes. No other lead in a field-wiring compartment or visible to the installer shall be so identified.

35.9 A grounding connection, grounding conductor, enclosure, frame, component mounting panel, or
any other part connected to earth ground shall not carry current except during an electrical fault.

Exception: Limited-power circuits rated not more than 0.5 mA that comply with 34.2.6 may be used.

35.10 A groy
or device in a

nded (neutral) circuit conductor shall not be connected to any grounding or-t
init.

onding circuit

36 Bonding|of Internal Parts
36.1  With re
electrical fault
and 35.4.

ference to 35.2, an exposed dead metal part that is likely\to” become engrgized by an
shall be bonded to the point of connection of the equipment-grounding means. See 35.3

36.2 Uninsulated dead metal parts such as a cabinet, component enclosure, and cover shall be

electrically bonded together if contact by the user or service personnel is likely.

Exception: A metal panel or cover need not be bonded ifitis:

a) Insuj
phenol

thick apd mechanically secured in place;

b) Not

positivély separated from the panel or cover; or

c) Sep
such th

36.3 A meta
the outside of

ated from electrical components andawiring by a barrier of vulcanized fiber, vg
¢ composition, or other moisture-resistant insulating material not less than 1/3

likely to become energized because uninsulated live parts are enclosed

hrated from live parts and wiring by a grounded or bonded interposing metal
at the metal barrier will be the first to be subjected to an electrical fault.

part, suchas an adhesive-attached metal marking plate, a screw, or a hand

rnished cloth,
2-in (0.8-mm)

and wiring is

barrier or part

le, located on

AN enclosure or cabinet, need not be bonded if it is isolated from electrical co

unded metal part so that it is not likely to become energized, or it is separat

ponents and

wiring by a gr ¥d from wiring
and spaced from.uninsulated live parts as if it were a grounded part. Other parts not required|to be bonded
are small internal assembly screws, rivets, or other small fasteners, a handle for a disconnect switch, and
a relay or contactor magnet and armature.

36.4 Uninsulated live parts and wiring shall be separated from a moving or movable part, such as a relay
or contactor armature, a panel, or a cover by clamping, positioning, or an equivalent means that will
maintain permanent separation.

36.5 A sheet metal screw shall not be used as a means to secure bonding conductors to the enclosure.
An internal connection for bonding an internal part to the enclosure may employ a quick-connect terminal
of the dimensions specified in Table 36.1 if the connector is not likely to be displaced, and the component
is limited to use in a circuit having a branch-circuit protective device rated 20 A or less. A quick-connect
terminal shall not be used for a connection to be made in the field.
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Table 36.1
Dimensions for quick-connect bonding terminal

Terminal dimensions

in (mm)

0.020 by 0.187 by 0.250
0.032 by 0.187 by 0.250
0.032 by 0.205 by 0.250
0.032 by 0.250 by 0.313

0.51 by 4.75 by 6.35)
0.81 by 4.75 by 6.35)
0.81 by 5.21 by 6.35)

(
(
(
(0.81 by 6.35 by 7.95)

36.6 Bondi

conductor spe
36.7 A bond

36.8 Ferrou
plating, or oth

Exception: Cd

36.9 A sepd
outer enclosu
bonding unleq
intended. Ab

36.10 A spli

36.11 Asep
than the cond

Exception: A
36.12.

shall ha accombplishad - bv_a metalto-metal contact of narte or hyvy 2 cao
SHa—E8—ac6oHPSH B y—a— e teh—t0-FHetah— 60 et—o+—patS—or—>bY

cified in 36.9 — 36.11.
ing conductor shall be copper, copper alloy, or other material rated for.the appl

5 metal in the grounding path shall be protected against corrosjon by enamelin
er equivalent means.

rrosion protection need not be provided at electrical connections.

rate bonding conductor shall be protected from. mechanical damage or loc
re, and shall not be secured by a removable fastener used for a purpose
s the bonding conductor is not likely to be omitted if the fastener is removed a

ce shall not be employed in a bonding conductor.

arate bonding conductor shalllnot be smaller than the size specified in Table 3
Lctor supplying the component.

separate bonding conductor need not comply with the sizes in Table 36.2 if if

bnding conductor shall be in metal-to-metal .contact with the parts to be bonded.

arate bonding

cation.

0, galvanizing,

hted within an

in addition to

nd replaced as

6.2, or smaller

complies with

Table 36.2
Grounding/bonding conductor size
Size of grounding/bonding conductor?
Copper wire Aluminum wire ngld Electrical
Maximum rating or setting of conduit or metallic
branch circuit overcurrent pipe trade tubing,
device in circuit ) ) size trade size
A AWG (mm°) AWG (mm°) in in
15 14 (2.1) 12 (3.3) 1/2 1/2
20 12 (3.3) 10 (5.3) 1/2 1/2
30 10 (5.3) 8 (8.4) 1/2 1/2
40 10 (5.3) 8 (8.4) 1/2 1/2
60 10 (5.3) 8 (8.4) 1/2 1/2
100 8 (8.4) 6 (13.3) 1/2 1/2

Copyright Underwriters Laboratories Inc.

Table 36.2 Continued on Next Page


https://ulnorm.com/api/?name=UL 810 2025.pdf

56 UL 810 FEBRUARY 27, 2025

Table 36.2 Continued

Size of grounding/bonding conductor?
Copper wire Aluminum wire Rigid Electrical
Maximum rating or setting of conduit or metallic
branch circuit overcurrent pipe trade tubing,
device in circuit ) ) size trade size
A AWG (mm?) AWG (mm?) in in
200 6 (13.3) 4 (21.2) 1/2 1
300 4 (21.2) 2 (33.6) 3/4 1-1/4
400 3 (26.7) 1 (42.4) 3/4 1-1/4
500 2 (33.6) 1/0 (53.5) 3/4 1-1/4
60p 1 (42.4) 2/0 (67.4) 3/4 1-1/4
80p 1/0 (53.5) 3/0 (85.0) 1 2
1000 2/0 (67.4) 4/0 (107.2) 1 2
1200 3/0 (85.0) 250 MCM (127.0) 1 2
& Or equivalent dross-sectional area

36.12 If more than one size of branch-circuit overcurrent-protective” device is used, the size of a
component-bdnding conductor is to be based on the rating of thevercurrent-protective deyice providing
protection for {hat component. For a component individually protected by an overcurrent-protective device
rated less than the overcurrent-protective device used in the supply circuit, a bonding conductor is to be
sized on the |basis of the component overcurrent-protective device rating individually protecting the
component.

PERFORMANCE
37 General

37.1 A representative sample of a unit is to be subjected to the tests described in Secfjons 38 — 46.
Unless otherwlise specified, all tests_are to be conducted at the applicable voltage specified|in Table 37.1,
and at rated frequency. A unit rated 50 — 60 Hz is to be tested at 60 Hz.

Table 37.1
Values of test voltages

Rated voltages Test voltages
vV V

110-120 120
121-219 Rated voltage
220 -240 240
241 -253 Rated voltage
254 - 277 277
278 — 439 Rated voltage
440 - 480 480
481 -525 Rated voltage
550 — 600 600

37.2 A unit having primary or secondary voltage adjustment taps shall comply at any setting including
the maximum and intermediate positions.
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38 Power Input Test

38.1

unit is connected to a supply adjusted to the test voltage specified in Table 37.1.

39 Draining

39.1

of Charge Test

minute after the unit has been disconnected from the supply circuit.

40 Secondary Circuit Evaluations

40.1 SELV clletermination

40.1.1 A seq
circuit, the ma
normal and si

40.1.2 Singl
short circuit
specifications|
occur. Examp

a) Short circuits and open circuits of semiconductor devices and capacitors (oth

factor
b) Fau

c) Inte
40.2 Limite

40.2.1
determination

41 Tempergture Test

A limited power source_shall comply with the requirements outlined in 34.2.

ondary circuit is determined to be SELV when, under all conditions of. loading
ximum voltage measured after 60 s does not exceed 30 Vrms (42.4.Vpeak) o
hgle fault conditions.

e faults shall be applied one at a time. A single fault shall‘consist of a singlg
or open circuit) of any component. The equipment; Circuit diagrams ar
are examined to determine those fault conditionsithat might reasonably b
es include:

Capacitors).

rnal faults in integrated circuits causing excessive dissipation.

H power determination

shall be made urider normal and single fault conditions as outlined in 40.1.2.

The amperage or wattage input to a unit shall not be more than 115% of the rated value when the

The difference of potential between the supply terminals of a unit shall not be more than 50 V one

ncluding open
60 Vdc under

failure (either
d component
e expected to

br than power

ts causing continuous dissipation in resistors designed for intermittent dissipation.

| imited power

41.1 A unit ghallaot Teach a temperature at any point high enough to result in a risk of fire, to damage
any materialrlrsed, or to exceed the temperature rises specified in Table 41.1. The unit shall be mounted
as intended in.setvice and connected as described in 37 1
Table 41.1
Maximum temperature rises
Materials and components °C (°F)

1. Wood and other combustible materials 65 (117)

2. Rubber- or thermoplastic- insulated wire and cord 3520 (63)2°

3. Other types of insulated wire c c

4. Fuses (miniature) 65 (117)

5. Capacitor:
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Table 41.1 Continued

Materials and components °C (°F)

Electrolytic 40¢ (72)

Other than electrolytic 65¢ (117)¢
6. Sealing compound e e
7. Selenium rectifier 5079 (90)"9
8. Silicon rectifier 759 (135)9
9. Class 105 transformer insulation systems:

Thermocouple method 65" (117"

Resistancgmethod 75 )126)

10. Class 130 trgnsformer insulation systems

Thermocofiple method 85" (153)"

Resistanc¢ method 95 (171)
11. Class 155 trgnsformer insulation systems

Thermocofiple method 110 (198)

Resistanc¢ method 115 (207)
12. Class 180 trgnsformer insulation systems

Thermocofiple method 125 (225)

Resistanc¢ method 135 (243)
13. Class 200 trgnsformer insulation systems

Thermocofiple method 140 (252)

Resistancg¢ method 150 (270)
14. Class 220 trgnsformer insulation systems

Thermocoliple method 155 (279)

Resistanc¢ method 165 (297)
15. Field wiring terminals 50 (90)
16. Temperature] Limits on Accessible Surfaces’ Maximum Limits

Metal 70 (158)

Nonmetalllc 80 (176)

@ The temperatufe limits on.phenolic composition and on rubber and thermoplastic insulation do not apply to a compound that has
been investigated and foundto have the required heat-resistant properties.

b A short length ¢f rubber- or thermoplastic-insulated flexible cord inside the unit is not prohibited from being exposgd to a
temperature of npore'than 60°C (140°F) when supplementary insulation rated for the measured temperature and having the
required dielectr ies-is-employ A tretivi

¢ For insulated conductors, reference is to be made to the National Electrical Code, NFPA 70. The maximum temperature rise is
not to exceed 25°C (45°F) less than the temperature limit of the wire except as in note b.

4 A capacitor that operates at a temperature rise of more than 40°C (72°F) for electrolytic and more than 65°C (117°F) for other
types is to be investigated on the basis of its marked temperature limit. In any case, the measured temperature shall not exceed
the temperature rating of the capacitor based on a 25°C (77°F) ambient temperature.

¢ The temperature on a wiring terminal or less is measured at the point most likely to be contacted by the insulation of a conductor
installed as in actual service. Unless a thermosetting compound, the maximum sealing compound temperature, when corrected to
a 25°C (77°F) ambient temperature, is 15°C (27°F) less than the softening point of the compound as determined in accordance
with the Standard Test Methods for Softening Point of Resins Derived from Pine Chemicals and Hydrocarbons, by Ring-and-Ball
Apparatus, ASTM E28.

f A temperature rise of 60°C (108°F) is acceptable when the stack assembily is insulated with phenolic composition or other
insulating material suitable for a temperature of 150°C (302°F).

9 The limitation does not apply to material rated for a higher temperature limit.

Table 41.1 Continued on Next Page
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Table 41.1 Continued

Materials and components °C

(°F)

measured by the resistance method is not more than that specified.
" See 49.11 and 50.2 for when marking and installation instructions are required.

h At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature rise is to be
measured by means of a thermocouple and may be 5°C (9°F) higher than that specified when the temperature rise of the coil as

41.2 All values for temperature rises in Table 41.1 are based on an assumed ambient temperature of
25°C (77°F). However, tests may be conducted at any ambient temperature within the range of 10 — 40°C

(50 — 104°F).

41.3 A protdctive device shall not operate during the temperature test.
41.4 Auniti
tested in the g
is to consist 0

htended for mounting or support in more than one position, or in a confined Ig
osition representing the most severe conditions. An adjacent mounting or supj
f 1-in (25.4-mm) thick minimum soft-pine boards.

41.5 A supy
temperature {

orting means formed of soft rubber or rubberlike material is to be remove
st. If the supporting means has a metal insert, suchasa screw or rivet, th

cation is to be
borting surface

d prior to the
e test is to be

conducted with the unit supported by the metal insert. At the requést of the manufacturer, the test may be

conducted wifhout any means of support.

41.6 A thermocouple junction and the adjacent thermecouple lead wires are to be he
thermal contgct with the surface of which the temperature is being measured. Usually, adsg
contact will rgsult from securely taping or cementing.the thermocouple in place, but, if a m
involved, braging or soldering the thermocouple to.the metal may be necessary.

41.7 Coil and winding temperatures are to be measured by thermocouples located on exp
In an alternating-current motor, the thermgcouples are to be attached to the integrally-applie
the coil wire.

Exception: The change-of-resistance method may be used for a coil that is inaccessiblg
thermocouplds, such as a coil immersed in sealing compound, wrapped with thermal insu
asbestos, or wrapped withmore than two layers of material such as cotton, paper, or rayg
than 1/32-in (9.8-mm) thick.

41.8 With rgference to the Exception to 41.7, the temperature rise of a winding is to be dets

Id securely in
quate thermal
etal surface is

bsed surfaces.
d insulation of

e for attaching
lation such as
n that is more

ermined by the
determined by

change-of-registance method by comparing the resistance of the winding at a temperature
calculation witr r NCS T OWIT TeIMBETStaT I T

T=2(k+ty) - (k+1)

in which:
t is the temperature rise of the winding in °C;
R is the resistance of the coil at the end of the test in Q
r is the resistance of the coil at the beginning of the test in Q;

t, is the room temperature in °C at the beginning of the test;
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t, is the room temperature in °C at the end of the test; and

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of the constant for
other conductors are to be determined.

41.9 The winding is to be at room temperature at the start of the test.

41.10 Thermocouples are to consist of wires not larger than 24 AWG (0.25 mm?) and not smaller than 30
AWG (0.05 mm?). When thermocouples are used in determining temperatures in electrical equipment, it is
common practice to employ thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wire
and a potentiometer type instrument. Such equipment is to be used whenever referee temperature
measurements by thermocouples are necessary. The thermocouples and related instruments are to be
accurate and [calibrated in accordance with standard laboratory practice. 1he thermocouple wire is to
comply with the requirements for special thermocouples as listed in Tolerances on Initial Malues of EMF
versus Tempgdrature tables in the Standard Specification and Temperature-Electromotive Force (emf)
Tables for Stapdardized Thermocouples, ASTM E230/E230M.

41.11 A temperature is considered to be constant when three successive readings taken jat intervals of
10% of the prgviously elapsed duration of the test, but not less than 15 minj.indicate no furthgr increase.

42 Dielectri¢ Voltage-Withstand Test

42.1 While sfill in a heated condition, a unit shall withstand for4, min without breakdown the{application of
a 60-Hz essentially sinusoidal potential of:

a) One|thousand volts plus twice the maximum rated voltage between the primary cifcuit and dead
metal garts, and the primary and secondary circuits;

b) One|thousand volts between live and.dead metal parts of a motor;

c) Fivelhundred volts between a secondary circuit operating at 50 V or less and dead metal parts;

d) Ong thousand volts plus twice the maximum rated secondary circuit voltage between a
secondary circuit operating at more than 50 V and dead metal parts; and

e) Twige the value outlined in (a), between primary and Class 2 or limited power secondary circuits.

42.2 To detefmine if alunit complies with the requirements in 42.1, the unit is to be tested uging a 500 VA
or larger capgcity transformer, the output voltage of which can be varied. The applied potgential is to be
increased from zeroruntil the required test level is reached, and is to be held at that level for 1 min. The
increase in applied potential is to be at a substantially uniform rate as rapid as is consistent with correct
indication of its value by a voltmeter.

43 Compression Test

43.1 When subjected to the test described in 43.2, an enclosure that is thinner than that specified in
Table 17.1 or Table 17.2 shall be constructed so that its deflection is not more than that of a sheet-metal
enclosure of the maximum length and width and having the required thickness.

43.2 Force is to be applied to the end, side, and rear walls of each enclosure. The value of force and limit
of deflection are not specified, but the force on each wall of both the test and reference enclosures is to be
sufficient to result in a measurable deflection of the test enclosure. For the test, the enclosure is to rest on
a smooth, solid, horizontal surface. A vertical force is to be applied to any point on the end, side or rear
wall of the enclosure, through a rod having a 1/2-in (12.7-mm) square, flat steel face.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 810 2025.pdf

FEBRUARY 27, 2025 UL 810 61

44 Deflection Test

441 A drawn, embossed, flanged, or similarly strengthened door, front, or cover made of metal having a
thickness less than that specified in Table 17.1 or Table 17.2 shall not deflect inward more than 1/4 in (6.4
mm) when a vertical force of 100 Ibf (445 N) is applied at any point on the door, front, or cover. The force is
to be applied through a rod having a 1/2-in (12.7-mm) square, flat steel face. The enclosure is to rest on its
back on a smooth, solid, horizontal surface with the door closed and the front or cover secured as
intended. If more than one test is necessary, separate samples may be used for additional tests.

44.2 If a flange on the upper edge of a telescoping door or cover is reduced in depth or is omitted, the
door or cover shall not deflect more than 3/8 in (9.5 mm) when subjected to a force of 100 Ibf (445 N)
applied at any point 1 in (25.4 mm) from the edges. The test is to be conducted with the door or cover
mounted on the enclosure in the intended manner, and the enclosure placed with its bacq on a smooth,
solid, horizonfal surface. The force is to be applied through the end of a rod having a)1/2-in (12.7-mm)
square, flat steel face.

45 Tightening Torque Test

451 With ré¢spect to Exception No. 2 of 23.6, the threads of a terminal plate shall not strip when
subjected to the tightening torques specified in Table 45.1.

Table 45.1
Tightening torque for wire-binding screws
Wire sizes to be Tightening torque
Size of termindl screw tested, AWG? Ibf*in (N-m) (kgf-m)
No. 6 16— 22 (ST) 12 (1.4) (0.14)
No. 8 14 (S) 16 (1.8) (0.18)
16 —22 (ST)
No. 10 10— 14 (S) 20 (2.3) (0.23)
16 — 22 (ST)
@ ST — stranded|wire; S — solid wire.

46 Static Load Test

46.1 A moupting_means for a unit shall withstand the load test described in 46.2 withgut permanent
deformation, preakage, or cracking of the mounting supports, the securing means, or thaf portion of the
unit to which if is.attached.

46.2 When mounted as recommended by the manufacturer, the mounting means of a unit shall support a
static load of four times the load supported by the mounting means but not less than 20 Ibs (9.1 kg):

a) Applied through the center of gravity of the unit in the downward direction; or

b) Applied evenly over the horizontal plane of the unit.
MANUFACTURING AND PRODUCTION TESTS
47 Dielectric Voltage-Withstand Test

47.1 Each unit shall withstand without electrical breakdown, as a routine production-line test, the
application of a 40 — 70 Hz potential as specified in 42.1(a).

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 810 2025.pdf

62

UL 810 FEB

RUARY 27, 2025

Exception: The test potential may be 1,200 V plus 2.4 times the maximum rated voltage applied for 1 s.

47.2 The unit may be in a heated or unheated condition for the test.

47.3 The testis to be conducted when the unit is completely assembled. It is not intended that the unit be
unwired, modified, or disassembled for the test.

Exception No. 1: Parts such as snap covers or friction-fit knobs that would interfere with performing the
test need not be in place.

Exception No. 2: The test may be performed before final assembly if the test represents that for the

completed uni

t

474 The tes
means of indi
manually rese
any unacceptd

475 Ifthe o
voltmeter in th

47.6 If the trd
a) By 4

b) By &

t equipment shall include a transformer having an essentially sinusoidaliadeq
ating the test potential, an audible or visual indicator of electrical breakdown
device to restore the equipment after electrical breakdown or an autematic re
ble unit.

Itput of the test equipment transformer is less than 500 VA, the equipment s
e output circuit to directly indicate the test potential.

nsformer output is 500 VA or larger, the test potential may be indicated:
voltmeter in the primary circuit or in a tertiary-winding circuit;

selector switch marked to indicate the test-potential; or

c) By a marking in a readily visible location to indicate the test potential of equipn

single
include

est potential output. If marking, isyused without an indicating voltmeter, the eq
a positive means, such as an.indicator lamp, to indicate that the manually re§

been rg¢set following a dielectric breakdown.

47.7 Test eq
intended facto

47.8 During
primary circuit
second test-eq

Lipment other than_those described in 47.4 — 47.6 may be used if found to a
ry control.

he test, thesprimary switch or circuit breaker is to be in the on position and bo
of the unit_are to be connected together and to one terminal of the test equip
uipmentterminal is to be connected to accessible dead metal.

RATINGS

Late output, a
, and either a
ject feature of

hall include a

nent having a
uipment shall
bet switch has

ccomplish the

h sides of the
ment, and the

48 Details

48.1

A unit shall have the following ratings:

a) Input voltage;

b) Number of phases for input;

c¢) Input frequency; and

d) Input amperes or kvar.
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MARKINGS
49 General

49.1
the following:

a) The

manufacturer's name, trade name, or trademark;

b) A distinctive catalog number or the equivalent;

c) The

voltage, frequency, and amperes or kvar;

A unit shall be plainly and permanently marked where it will be readily visible after installation with

d) The

e) The
may b

f) The

Exception No
brand or tradd

Exception Nd
conventional

a) Dog

b) Dog
produ

49.2 Units n
or equal faul
Panels, in thq

current rating$

distinctive mgrking — which may be in code — by which it may be identified as the product

49.3 If a mg
factory.
49.4 A live

date or other dating period of manufacture not exceeding any three consec(ti

number of phases if the product is intended for use on a polyphase circuit. T|
b used in place of the word "phase;" and

amount of dielectric liquid, if any, in gallons.

1: The manufacturer’s identification may be in a traceahle*code if the unit is
mark owned by a private labeler.

. 2: The date of manufacture may be abbreviated or may be in a natio
Code or in a code affirmed by the manufacturerprovided that the code:

s not repeat in less than 20 years; and

s not require reference to the production records of the manufacturer to deter
t was manufactured.

current ratings. See Supplement on Short Circuit Current Ratings for Ind
Standard for Industrial. Control Panels, UL 508A, for guidance on compone

p.

nufacturer preduces or assembles a unit at more than one factory, each un

e months;

he symbol "@"

identified by a

nally accepted

mine when the

harked with a fault current:rating shall employ capacitors and components with greater than

ustrial Control
nt short circuit

t shall have a
of a particular

heat 'sink or other part that is likely to be mistaken for dead metal, is at a

potential that

exceeds 30 Vims (42.4 Vpeak), and is not guarded as specified in 19.2.2 shall be permanently marked
with the signal word "CAUTION," and with the following or equivalent: "Risk of Electric Shock — Plates (or
other word describing the type of part) are live. Disconnect unit before servicing." The marking shall be
located on the live part so as to make the risk of electric shock known before the part is likely to be

touched. See

49.5 and 49.6.

49.5 A marking shall be located adjacent to the part being guarded to indicate that the cover or guard is
to be replaced before operation of the unit.

49.6 A cautionary marking shall be permanent and shall be prefixed by the signal word "CAUTION " in
letters not less than 1/8-in (3.2-mm) high. The remaining letters shall not be less than 1/16-in (1.6-mm)

high.
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49.7 A marking that is required to be permanent shall be molded, die-stamped, paint-stenciled; stamped
or etched metal that is permanently secured; or indelibly stamped on a pressure-sensitive label secured by
adhesive that, upon investigation, is found to comply with the requirements in the Standard for Marking
and Labeling Systems, UL 969. Ordinary usage, handling, storage, and the like, of the unit are to be
considered in determining whether a marking is permanent.

49.8 In accordance with Exception No. 1(a)(2) to 23.2, if a pressure terminal connector is not provided
with a unit as shipped, the unit shall be marked to indicate which pressure terminal connector or terminal
assembly package is to be used with the unit. This marking may be provided on the unit or on a tag
attached to the unit.

49.9 The terminal assembly package mentioned in 49.8 shall be marked with an identifying marking, wire
size, manufagturer's name, and trade mark or other descriptive marking by which thg organization
responsible fof the product may be identified.

49.10 Withr
(orin a termin
conductor, neq

pference to Exception No.1(e) to 23.2, if a pressure terminal connectar provided with a unit
bl assembly) for a field installed conductor requires the use of a special tool for securing the
essary instructions for using the tool shall be provided. The instructions shall pe included in

a readily visibl
orin an assen

49.11 A unit
legibly marked
the equivalent

e |location such as on the connector, on a wiring diagram, on*a.tag secured to
bly package provided with the unit.

that exceeds the maximum temperature limits specified in Table 41.1 (iten
where readily visible after installation with the signal word "CAUTION" and tH
"Hot surfaces — To reduce the risk of burns — Be’not touch.”

he connector,

16) shall be
e following or

50 Installatipn Instructions

50.1 Instructjons for mounting shall be provided-with each unit intended for permanent mounting.

50.2 The mgnufacturer's instructions provided with a unit that exceeds the maximum temperature limits
in Table 41.1 ([tem 16) shall specify thatthe unit is to be installed so that it is not likely to be cpntacted.
OUTDOOR-UBE UNITS

51 General

51.1 The requirements in Sections 51 — 56 supplement, and in some cases modify} the general

requirements i

n PartIl'— Power Factor Correction Units.

52 Construction

52.1

52.1.1

General

the requirements in this section.

The enclosure of an outdoor unit shall be protected against outdoor exposure in accordance with

52.1.2 Metals shall not be used in combination such as to cause galvanic action that may adversely
affect an enclosure.

52.1.3 Hinges and other attachments shall be resistant to corrosion.

52.1.4 The requirements specified in 52.1.6 and 52.2 do not apply to a part, such as a decorative part,
that is not required to form a part of the enclosure.
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52.1.5 A nonmetallic enclosure is to be investigated for the effect of exposure to water and ultraviolet
light in accordance with the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,

UL 746C.

52.1.6 When a flexible cord is used as external interconnection in accordance with 22.10, the flexible
cord shall be marked "W-A " in accordance with the Standard for Flexible Cords and Cables, UL 62.

Exception: Th

e marking "W " is an acceptable alternative designation for "W-A."

52.2 Corrosion protection

5221 Ame

Exception: A
80% copper n

52.2.2 An enclosure of cast iron or malleable iron at least 1/8-in (3.2-mm) thick-shall be prd

corrosion by:

a) A(
surfac

b) On¢ coat of an organic finish of the epoxy or alkyd-resin type or other outdoor

surfac
neces

52.2.3 Ane
(3.12 mm) if
metallic or no

a) Ho
Weigh
Coate
AB53,

tallic enclosure shall be protected against corrosion as specified in 52.2 2 — 52

2.7.

Uminum, stainless steel, polymeric materials, copper, bronze, or brass cont
hay be used without additional protection against corrosion.

e and a visible coating of such metal on the inside surface; or

b. The acceptability of the paint may be determined by consideration of its co
bary, by corrosion tests.

nclosure of sheet steel having a thickness less than 1/8 in (3.2 mm) if zinc-coa
uncoated shall be protected against corrosion by one of the following mea
hmetallic coatings that have been found to give equivalent protection as descri

-dipped mill-galvanized shéet steel conforming with the coating Designatiq
t (Mass) of Coating Requifements table in the Standard Specification for Ste
i (Galvanized) or Zinc-lron Alloy-Coated (Galvannealed) by the Hot-Dip P
with not less than'40% of the zinc on any side, based on the minimum g

applie8

irgment in this ASTFM designation. The weight of zinc coating may be deter

hining at least

tected against

.00015-in (0.0038-mm) thick coating of zinc, cadmium,‘ar the equivalent, ¢n the outside

paint on each
mposition or, if

ted or 0.123 in
ns or by other
bed in 52.2.5.

n G90 in the
bl Sheet, Zinc-
rocess, ASTM
ingle-spot-test
mined by any
established in
Steel Articles

teel, uniformly

surface with a
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minimum thlckness of 0.00054 in (0 0137 mm). Thlckness of the Coatlng shall be establlshed by the
metallic-coating thickness test described in 55.1 — 55.7. An annealed coating shall also comply with
52.2.7.

¢) A zinc coating complying with 52.2.4 (a) or (c) with one coat of an organic finish of the epoxy or
alkyd-resin type or other outdoor paint on each surface. The suitability of the paint shall be
determined by consideration of its composition or, if necessary, by corrosion tests.

d) A cadmium coating not less than 0.001-in (0.03-mm) thick on both surfaces. The thickness of
coating shall be established in accordance with the metallic-coating thickness test described in
55.1-55.7.

e) A cadmium coating not less than 0.00075-in (0.0191-mm) thick on both surfaces with one coat of
outdoor paint on both surfaces, or not less than 0.0005-in (0.013-mm) thick on both surfaces with
two coats of outdoor paint on both surfaces. The thickness of the cadmium coating shall be


https://ulnorm.com/api/?name=UL 810 2025.pdf

66 UL 810 FEBRUARY 27, 2025

established in accordance with the metallic-coating thickness test described in 55.1 — 55.7 and the
paint shall be as specified in (c).

52.2.4 An enclosure of sheet steel 0.126-in (3.20-mm) thick or more if zinc-coated or 0.123-in (3.12-mm)
thick or more if uncoated shall be protected against corrosion by one of the following means or by other
metallic or nonmetallic coatings that have been shown to provide equivalent protection as described in

52.2.5.

a) Hot-dipped mill-galvanized sheet steel conforming with the coating Designation G60 or A60 in
the Weight (Mass) of Coating Requirements table in the Standard Specification for Steel Sheet,
Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process,
ASTM A653/A653M, with not less than 40% of the zinc on any side, based on the minimum single-

spot-te

any sujtable method; however, in case of question, the weight of coating shall-bé

accord

b) Az
applied
minimy
the me
with 52

c) Two
The su

imc or Zinc-Alloy Coatings, ASTM A90/A90M. An A60 (alloyed) coating.shall als

nce with the Standard Test Method for Weight (Mass) of Coating on Irdn\and

nc coating, other than that provided on hot-dipped mill-galvanized sheet s
to an average thickness of not less than 0.00041 in (0.04104"mm) on each
m thickness of 0.00034 in (0.0086 mm). The thickness of the coating shall be
fallic-coating thickness test described in 55.1 — 55.7 /An annealed coating sh3
2.7.

coasts of an organic finish of epoxy or alkyd*tesin or other outdoor paint on
tability of the paint may be determined by.¢onsideration of its composition or

letermined by
bstablished in
Steel Articles
0 comply with

el, uniformly
rface with a

u
}Ztablished by

Il also comply

each surface.
if necessary,

by corrpsion tests.

d) Any pone of the means specified in 52.2.3:
52.2.5 With feference to 52.2.3 and 52.2.4, cther finishes, including paint, special metallig
combinations pf the two may be acceptéd-when comparative tests with galvanized sheet s
annealing, wiping, or other surface treatment — complying with 52.2.3(a) or 52.2.4(a),

indicate they

judging the su
Dioxide/Sulfur
Stnadard for G

finishes, and
teel — without
s applicable,
brovide equivalent protection. Among the factors that are taken into consideration when
tability of such coating systems are exposure to the Salt Spray Fog Test, the Moist Carbon-
tDioxide Air Test,'and the Light and Water Test for Clear Coatings in accordance with the
rganic Coatifigs for Steel Enclosures for Outdoor Use Electrical Equipment, UL 1332.

52.2.6 Test gpecimens of a finish as described in 52.2.2 or 52.2.5, 52.2.3(c), or 52.2.4(c),|if the paint is
tested, are to pe_consistent with the finish that is to be used in production with respect to the base metal,
cleaning or pretreatment method, application method, number of coats, curing method, thickness, and the
like.

52.2.7 A hot-dipped mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing, and that is not otherwise required to be painted shall be painted in the
bent or formed area if the bending or forming process damages the zinc coating, except that such areas
on the inside surface of an enclosure that are not exposed to water during the rain test need not be
painted. The zinc coating is considered at the outside radius of the bent or formed section visible at 25
power magnification. Simple sheared or cut edges and punched holes are not considered to be formed.

53 Rain Test

53.1 An outdoor-use unit is to be subjected to a rain test in the energized condition as described in 53.2
and 53.3. After being subjected to the rain test, an outdoor-use unit shall have no entrance of water into
the enclosure.
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Exception: Water may enter the unit if the unit is provided with two drain holes with a minimum diameter of
1/8 in (3.2 mm) to a maximum diameter of 3/16 in (4.8 mm) in the bottom of the unit, and there is no
wetting of live parts.

53.2 The complete enclosure with conduit connected — without pipe thread compound — is to be mounted
as intended. The tightening torque for rigid conduit threaded into an opening in the enclosure is to be 800
Ibf-in (90 N-m) for 3/4-in and smaller trade sizes, and 1000 Ibf-in (113 N-m) for 1, 1-1/4, and 1-1/2 in trade
sizes, and 1,600 Ibf-in (180 N-m) for 2-in and larger trade sizes.

53.3 The water spray apparatus is to consist of three spray heads mounted in a pipe rack as illustrated in
Figure 53.1. Spray heads are to be constructed in accordance with the details shown in Figure 53.2. The
water pressure for all tests is to be maintained at 5 psi (34 kPa) at each spray head. The distance between
the center nogzle and the equipment is to be approximately 5 ft (1.5 m). The spray is to be|directed at an
angle of 45° from vertical toward the louvers or other openings, handles, unsealed s¢rews, and the like
nearest currept-carrying parts. A water spray is then to be applied to the enclosure from thqg top and sides
for 1 h.
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Figure 53.1
Rain-test spray-head piping
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Figure 53.2

Rain-test spray head

ASSEMBLY @

1/[ TAPERED PIPE

= .r 1* THREAD -
ANSI/ASME B1.20.1

)
H (DRILL THRU)

45" COUNTERSINK - N (MAX.)
3 HOLES ST (DRILL THRU
S (DEEP) ’H‘ SPACE 120° ( )

R (DRILL TO DEPTH
REQUIRED FOR THROAT)

< JHT V (HEX. OR ROUND
~ M BAR STOCK)
U oRLL THRY, gL |

3 ~\SQUARE SECTION SLOTS - W WIDE x G DEEP - SPACE 120°
B0 HELIX - LEADING EDGES TANGENT TO RADIAL HOLES

[tem inch mm [tem inch mm
A 1-7/32 3.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16  14.0 576 14.63
D 678  14.68 Q 453 11.51

580 1473 454 11.53
E 1/64  0.40 R 1/4 6.35
F c c S 1/32 0.80
G .06 1.52 T (No. 352 2.80
H (No.9)° 5.0 U  (No. 40)° 250
J 23/32  18.3 v 5/8 16.0
K 5/32 397 W 0.06 1.52
L 1/4 6.35
M 3/32  2.38

0 Nylon Rain—Test Spray Heads are available from
Underwriters Laboratories

© ANSI B94.11M Drill Size
C Optional — To serve as a wrench grip.
RT100E
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54 Gasket Tests

541 Samples of a gasket of an elastomeric or thermoplastic material, or a composition gasket utilizing
an elastomeric material that is employed to comply with the requirements in 53.1 is to be subjected to the
tests specified in 54.2. At the conclusion of the tests, there shall be no visible deterioration, deformation,
melting, or cracking of the material and the material shall not harden as determined by normal hand
flexing.

54.2 A sample of a gasket is to be conditioned at a temperature of 69 — 70°C (156 — 158°F) in circulating
air for 168 h before being subjected to the tensile strength and elongation tests in accordance with the
Standard for Gaskets and Seals, UL 157. The conditioned sample shall have a tensile strength of not less
than 75% and an elongation of not less than 60% of values determined for an unconditioned sample.

Exception: Née ble for 105°C

(221°F) withol

oprene rubber is acceptable for 60°C (140°F) and silicone rubber is accepta
t being subjected to the test.

55 Metallic Coating Thickness Test

55.1  With reference to 52.2.3 (b), (d), and (e), and 52.2.4(b), the methad of determining thg thickness of

a zinc or cadm

55.2 The sol

per liter of reagent grade chromic acid (CrO;); and 50 g/L ofireagent grade concentrateg

(H,SO,). The
1.84, containir

55.3 The tes
equipped with
and a length §

from which arg about 0.025 mL each. To.preserve an effectively constant level, a small glas

inserted in the
the stopcock i
may be used i

55.4 The sample and theytest solution are to be kept in the test room long enough to sta

temperature.
temperature o

ium coating is described in 55.2 — 55.7.

Ltion to be used for this test is to be made from distilled water and is to contd

atter is equivalent to 27 mL/L of reagent grade concentrated sulfuric acid, sp
g 96% of H,SO,.

t solution is to be contained in a glass vessel such as a separatory funnel
a stopcock and a capillary tube having an inside bore of approximately 0.025
.5in (140 mm). The lower end*of'the capillary tube is to be tapered to form a

top of the funnel through a‘rubber stopper and its position is to be adjusted
5 open, the rate of dropping is 100 £5 drops per minute. If desired, an additi
N place of the glass«ube to control the rate of dropping.

The room~teémperature is to be recorded. The test is to be conducted a
21.1 —32:2°C (70 — 90°F).

in 200 grams
sulfuric acid
ecified gravity

vith the outlet
in (0.64 mm)
tip, the drops
5 tube is to be
so that, when
bnal stopcock

bilize at room
t an ambient

nt, and other

e then to be

55.5 Each spmple’ is to be thoroughly cleaned before testing. All grease, lacquer, pai
nonmetallic coatings—are—te—be+removed—completelyby—means—ofselvents—Samples—ar

thoroughly rinsed in water and dried. Care is to be exercised to avoid contact of the cleaned surface with
the hands or any foreign material.

55.6 The sample to be tested is to be supported 0.7 — 1 in (18 — 25 mm) below the orifice, so that the
drops of solution strike the point to be tested and run off quickly. The surface to be tested is to be inclined
about 45° from horizontal.

55.7 The stopcock is to be opened and the time in seconds is to be measured until the dropping solution
dissolves the protective metallic coating, exposing the base metal. The end point is to be the first
appearance of the base metal recognizable by the change in color at that point.

55.8 Each sample of a test lot is to be subjected to the test at three or more points, excluding cut,
stenciled, and threaded surfaces, on the inside surface and at an equal number of points on the outside
surface at places where the metallic coating may be expected to be the thinnest. On enclosures made
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from precoated sheets, the external corners that are subjected to the greatest deformation are likely to
have thin coatings.

55.9 To calculate the thickness of the coating being tested, the thickness factor from Table 55.1
applicable for the temperature at which the test was conducted is to be multiplied by the time in seconds
required to expose base metal as noted in 55.7.

Table 55.1
Thickness factors
Temperature Thickness factors, 0.00001 in (0.00025 mm) per second
f TC) Cadmium plafings Zinc platings
7 (21.1) 1.331 01980
7 (21.7) 1.340 01990
7 (22.2) 1.352 11000
7 (22.8) 1.362 11010
74 (23.3) 1.372 11015
7 (23.9) 1.383 11025
7 (24.4) 1.395 11033
I (25.0) 1405 11042
7 (25.6) 1.416 11050
79 (26.1) 1.427 1{060
8 (26.7) 1.438 11070
8 (27.2) 1.450 11080
8 (27.8) 1.460 11085
8 (28.3) 1.470 11095
84 (28:9) 1.480 11100
8 (29.4) 1.490 1110
8 (30.0) 1.501 11120
81 (30.6) 1.513 11130
8 (31.1) 1.524 11141
89 (31.7) 1.534 11150
9 (32.2) 1.546 11160
56 Markings

56.1 An outdoor-use unit shall be marked "Suitable for Wet Locations." See 53.1. Units not evaluated for
outdoor use in accordance with this standard shall not include any markings indicating suitability for
outdoor exposure unless employing an enclosure rated for outdoor exposure with all exposed fittings and
components rated for outdoor exposure in accordance with the Standard for Industrial Control Panels, UL
508A.
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PART Ill - ME

GENERAL

DIUM VOLTAGE POWER FACTOR CORRECTION CAPACITOR BANKS

57 Normal and Special Service Conditions

57.1 Normal service conditions
57.1.1 Apparatus within the scope of this Part shall be capable of operation within its performance
specifications under the following conditions:
a) For equipment that is cooled by air, either ventilated or nonventilated, the temperature of the air
outsidd of the enclosure and the ambient temperature is above 0 °C (32 °F) but dogs not exceed
40 °C [104 °F), and its average value, measured over a period of 24 h, does..nbt exceed 35 °C
(95 °F)} and
b) The equipment is located where:
1) The influence of solar radiation is not significant, such as‘indoors or similarly protected
locations;
2) The altitude does not exceed 3300 ft (1000 m);
3) The ambient air is not significantly polluted by dust, smoke, corrosive andfor flammable
gases, vapors, or salt; and
4) The average value of the relative humidity, measured over a period of 24 h, does not
exceed 95 % non-condensing.
57.2 Specia| service conditions
57.2.1 Altitude
57.2.1.1 Instpllation at altitudes<above 3300 ft (1000 m) up to 9843 ft (3000 m) is also recggnized in this
part. Variation$ in the design will in some cases be required. For example, considerations shiould be made
for temperatuie rise, insulation’level, and mechanical parameters affected by lower ambignt pressures.
Manufacturerq should be“prepared to supply any de-rating factors to be applied to the nprmal service
condition ratings and any.necessary setting adjustments.
NOTE: Special conditions are in some cases also necessary for some types of operating mechanisms.

57.2.2 Solar

57.2.2.1
for guidance.

radiation

57.2.3 Evaluations and exceptions

57.2.3.1

If the effects of solar radiation are significant, the principles stated in IEEE C37.24, may be used

Conditions that equipment will experience should be evaluated in terms of the manufacturer's

designated ratings and limitations. Service conditions that are outside the limits described in 57.2.1.1
should be called to the controller manufacturer's attention, since special construction or protection will in
some cases be required.
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58 Glossary
58.1 General
58.1.1 For the purpose of this Part, the following definitions apply.

58.1.2 CLEARANCE - The distance between two conductive parts along a string stretched the shortest
way between these conductive parts.

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

58.1.4 CRE
between two

58.1.5 DISR
electric stres
electrical bres

58.1.6 DOO
during routine

58.1.7 ENC

DA

conductive parts.
UPTIVE DISCHARGE — The phenomena associated with the failure/of in
5, these include a collapse of voltage and the passage of current. The te

kdown in solid, liquid, and gaseous dielectrics, and combinations of these diel¢

R — A hinged portion of an enclosure that covers an opening, that is intendeg
maintenance, operations, and adjustments.

| OSURE — A surrounding case constructed to provide a degree of protectio

against incid¢ntal contact with the enclosed equipment and‘to provide a degree of prg

enclosed equ
58.1.8 MED

58.1.9 MED
components.

58.1.10 LOV

58.1.11 LOV
components.

58.1.12 PAN
system, secu
to operate.

pment against specified environmental conditions.
UM-VOLTAGE - For this standard, ac-voltage in the range of 1501 V to 15 kV.

UM-VOLTAGE COMPARTMENT - A compartment containing one or more m

V-VOLTAGE - For this Part, ac voltage in the range of 50 V to 1500 V.

V-VOLTAGE CONTROL COMPARTMENT — A compartment containing on

ating material

sulation under
rm applies to
pctrics.

to be opened

h to personnel
tection to the

edium-voltage

ly low-voltage

EL, HINGED - A portion of an enclosure that has hinges, but no hand-op

rable latching

ed intheclosed position by multiple bolts or other hardware requiring a tool other than a key

NOTE: Hinged panels are not intended to be opened during normal operation, routine adjustment, or simple maintenance operations
such as replacement of fuses.

58.1.13 POWER FACTOR CORRECTION BANK (PFC BANK) — An assembly consisting of one or more
shunt power capacitor(s), with or without additional controls and switching devices necessary to provide
control of the power factor of the system to which the equipment is connected.

58.1.14 PROSPECTIVE CURRENT - The current that would flow in the circuit if each pole of the circuit
were replaced by a conductor of negligible impedance.

NOTE: For testing, the prospective current is determined by calibrating the test circuit with a short circuit placed directly across the
incoming terminals of the test specimen.
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58.2 Equipment characteristics

58.2.1 RATED CONTINUOUS CURRENT (l,) — The rated continuous current is the maximum current
carried on a continuous basis.

58.2.2 RATED DURATION OF SHORT-TIME (t;) — The rated duration of short-time withstand current is
the interval of time for which the equipment can carry a current equal to its rated short-time withstand
current (ly).

58.2.3 RATED FREQUENCY (f,) — The rated frequency is the supply frequency for which the PFC bank
is designed and to which the other characteristic values correspond. The standard values of the rated
frequency are 50 Hz and 60 Hz. The preferred rated frequency is 60 Hz.

58.2.4 RATHD INSULATION LEVEL (Uy), (U,) — The rated insulation level is the impulsg test voltage
(BIL) (U,) ang the power-frequency withstand test voltage (Uy) from Table 68.1 that the| PFC bank is
expected to withstand.

58.2.5 RATHD MAXIMUM VOLTAGE (U,) — The rated maximum voltage indicates the upper limit of the
highest voltage of the system voltage for which the PFC bank is intended:

NOTE: Standard Yalues of rated voltages are 2.5 kV, 3.6 kV, 5.0 kV, 7.2 kV, 12.0 kV,15.0 kV, 27kV, 38 kV, and 46 kV/]
58.2.6 RATHD SHORT-TIME WITHSTAND CURRENT (l,) =~The rated short-time withstand current is
the maximum pymmetrical rms value of the short-circuit current that equipment can withstand for the rated
duration ().
CONSTRUCTJON
59 Enclosuie
59.1 Requiregments in other standards
59.1.1 In addition to the following,"'when an enclosure is marked with an environmental type designation,

the enclosure|construction requirements of UL 50 and UL 50E apply. If there is a conflic{ between the
requirements in this Part and UL 50 or UL 50E, the requirements in this standard apply.

59.2 GenerIrequirements

59.2.1 Enclopures shall be metallic and suitably supported. Barriers between medium voltage and low
voltage compartments shall be not less than MSG 11 [nominal thickness of 0.118 in (3 mm)]. All other
doors, covers, panels and barriers shall be not less than MSG 14 [nominal thickness of 0.075 in (1.9 mm)].

59.2.2 The minimum thickness requirements of 59.2.1 are based on the use of steel. Materials other
than steel may be used if they provide equivalent strength and resistance to deflection.

59.2.3 When devices are installed in doors or panels, an increase in thickness or additional
strengthening shall be provided to support the devices. The additional strengthening shall provide
equivalent resistance to deflection as a door or panel of the same dimensions without any openings for
installed devices.

59.2.4 External parts of the enclosure may be of insulating material, provided that all medium-voltage
parts are completely enclosed by grounded metallic partitions or grounded shutters meeting the thickness
requirements of 59.2.1.
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59.2.5 The enclosure shall comply with the rod entry test of Section 71.

59.2.6 Enclosures shall be supplied with a bottom plate unless marked in accordance with 74.7.

59.3 Compl

59.3.1
splices, instru

ete equipment

ctions, and hardware for field connecting to provide a completed PFC bank.

PFC banks shall be substantially complete when shipped by the manufacturer with necessary bus

59.3.2 PFC banks shall be designed with provisions for lifting, handling, storage, and installation.

59.4 Exteriordoors—coversandsimilarparts-ofenclosures

5941 Apa
latches, locks

59.4.2
a tool to open
parts operatin
be provided in

59.4.3 Door|

interlocks, or screws, for firmly securing it in place.

If bane live parts are exposed by the opening of such doors or covers, means requi

them or provision for locking them shall be provided to secureythem in the clo

accordance with 74.8.

5 shall be provided with a latch or with a captive fastener. Such fasteners sha

used in multiples so as to hold the cover closed over its entire length. A door more than 4

long on the h
have two or m

59.4.4 Door
use of a tool @

a) Inte

nged side shall have at least a two-point latch operated by a single knob or h
ore separate latches or captive fasteners:

5 of compartments containing mediom-voltage components that can be open
ther than a key shall be mechanieally interlocked in accordance with the follow

isolatimg means is closed;

b) Intg
voltag

c) Wh
isolati
openir

!

rlocks shall prevent.the isolating means from being closed when the door o
b compartment of.the controller is open; and

re a controlleris being back fed by other power source(s), such as a bypass ¢
g contactor-for adjustable speed drive applications, interlocks shall be provi
g of asdeor to a medium-voltage compartment when the isolating means o

power

source is closed, and to prevent closing of the isolating means of the back-fed

when @ door to a medium-voltage compartment is open.

t of the enclosure, such as a door, a cover, or a tank, shall be provided. WithH

eans, such as

ring the use of
sed position. If

g above 600 V are exposed by the opening of covers or dgors, a warning marking shall also

| be located or
ft (1220 mm)
andle, or shall

ed without the
ing:

rlocks shall prevent the opening of a door to a medium-voltage compartnjent when the

any medium-

ontactor or an
ded to prevent
f the back-fed
power source

NOTE: Key interlocking schemes are considered to meet this requirement.

59.4.5 A hinged panel covering a compartment containing medium-voltage components need not be

mechanically
a) The

b) The

interlocked when all the following conditions are met:
door is not provided with handles or latches;

door is bolted on all unhinged sides with a minimum of two bolts per side;

c¢) No bolts are operable by hand, without the use of a tool;

d) All bolts are captive fasteners;

e) The
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f) The door is marked in accordance with 74.9.
59.4.6 Covers of compartments containing medium-voltage components shall be bolted closed.

59.4.7 Where a door must be opened for maintenance of equipment or removal of drawout elements,
low-voltage energized uninsulated live parts mounted on the door shall be effectively guarded or enclosed,
to provide protection against unintentional contact.

59.4.8 All doors shall be capable of being opened to a minimum of 90° from the closed position.

59.4.9 Low-voltage control compartments required to be opened during normal operation, thus exposing
bare live parts_shall:

a) Be ¢f clear safety-type glass or wire-reinforced glass or another clear material found suitable
with regpect to flammability and UV resistance in accordance with UL 746C;

b) Be secured in such a manner that it cannot be removed without tools;@nd

c) Megt the requirements of impact and pressure tests for viewingypanes specifiefl in 71.2 and
71.3.

NOTE: The replapement of fuses is not considered a normal operation with respect to controllers, but the resgtting of overload
devices, repeated|adjustment of timers or switches, etc., are considered normal operations.

59.5 Inspection windows

59.5.1 A trarjsparent material covering an observatioh opening and forming a part of the englosure shall:

a) Be ¢f clear safety-type glass or wire-reinforced glass or another clear material found suitable
with respect to flammability and UV resistance in accordance with UL 746C;

b) Be secured in such a manner-that’it cannot be removed without tools; and

c) Megt the requirements of impact and pressure tests for viewing panes specifiefl in 71.2 and
71.3.

59.5.2 Whern provided, infrared inspection ports shall comply with UL 50V, Outline of Inyestigation for
Infrared Viewgorts, in addition to 59.5.1 (b) and (c).

59.6 Ventilating.openings, vent outlets (openings in enclosures)

59.6.1 Ventilation openings, including perforations, louvers, and openings protected by means of wire
screening, expanded metal, or a perforated cover, shall comply with the rod entry test specified in Section
71.

59.6.2 Barriers shall be provided behind all ventilating openings into medium-voltage compartments. The
barrier shall be effectively secured in place and shall prevent drawing a straight line from any point outside
the enclosure to any medium voltage live part, including insulated parts such as cables (other than
shielded cables).

59.6.3 The diameter of the wires of a screen shall be not less than 0.050 in (1.3 mm) if the screen
openings are 0.497 in? (320 mm?) or less in area, and shall be not less than 0.081 in (2.06 mm) for larger
screen openings.
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59.6.4 Perforated sheet steel and sheet steel employed for expanded metal mesh shall be not less than
0.042 in (1.07 mm) thick for mesh openings or perforations 0.497 in? (320 mm?) or less in area, and shall
be not less than 2.03 mm (0.080 in) thick for larger openings.

59.6.5 Any ventilation opening in the top of the enclosure shall be covered by a hood or protective shield
spaced above the opening to prevent the entry of water or objects falling vertically downward, both with
and without any cooling system or fans operating.

59.7 Protection against corrosion

59.7.1 Enclosures shall be designed so that aluminum will not contact a concrete mounting pad when
installed in accordance with the manufacturer’s instructions.

59.7.2 All metal surfaces are to be provided with corrosion protection, in aecardgnce with the
requirements [of IEEE C37.20.3.

59.8 External operating handles and control devices

59.8.1 Contfol, instrument, switch, and operator handles or external handles and pushbdittons shall be
located in acgordance with the following:

a) Pughbuttons, control switch handles, and transfer swiich” handles shall be locatged in a readily
accessible location at an elevation above the mounting:surface not in excess of 79 in|{(2 m);

b) Opegrating handles requiring more than 50 Ibf (222 N) to operate shall not be higher than 66 in
(1.7 m‘E in either the open or closed position; and

c) Operating handles for infrequently opetated devices, such as reset devices, drawout fuses,
fused yoltage transformer or CPT primary disconnects, and bus transfer switches, nged not comply
with (g) and (b) above.

59.8.2 In dgtermining compliance with the requirements of 59.8.1, measurements shall pe made from
the mounting |surface to the center.of the handle grip with the handle in its highest possible |position. If the
handle grip is|not clearly defined; the center of the handle grip shall be considered to be at a point 3 in (76
mm) in from the end of the handie.

59.8.3 If thg mechanism of a switching device is such that operation of a remote or autpmatic tripping
device will pefmit sudden movement of an operating handle, the motion of the handle shall he restricted or
the handle shpll be'guarded.

59.9 Barriers

59.9.1 When access is required to a compartment that contains energized medium-voltage parts,
barriers shall be provided to:

a) Prevent unintentional contact with energized parts;
b) Prevent tools or other equipment from being dropped on energized parts; and

c) Protect against contact with live parts of adjacent functional units.

59.9.2 Any barrier intended to be removed during routine maintenance or servicing (such as barriers
required to be removed for replacement of fuses or the examination of contacts) shall be marked in
accordance with 74.10.
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59.10 Environmental enclosure considerations

59.10.1 The

following requirements shall apply to all outdoor enclosures:

a) External hinged doors or covers for equipment intended for use outdoors shall be provided with
stops to hold them in the open position;

b) An enclosure intended for use outdoors shall be subjected to the Driven Rain test described in
Section 69;

c) Enclosures intended for outdoor use shall have provisions for locking to prevent access to
medium-voltage compartments; and

d) Con

59.10.2 Encl
Enclosures ra
described in §

60 Field-Wiing Connections

60.1

60.1.1 Wire
conductors ne|

a) Less

b) Lesy

60.1.2 With
of stress con
minimum size
based on use
capacitor ban
conductors, re|

60.1.3 PFC
shielded cond

NOTE: Section 31

Mediun

e
15 for field terminations,~and other instructions provided in accordance wit

sideration should be given to prevention of condensation and entry of snakes,

psures may also be evaluated to specific enclosure types as specified
ted with an outdoor type environmental rating shall be subjected\to the d
ection 69, in addition to the appropriate tests in UL 50E for the assigned type r

h voltage conductors

bending space shall be such that, during .installation, medium voltage
ed not be bent to a radius:

than 8 times the overall diameter for non-shielded conductors; or

than 12 times the overall diameter.for shielded or lead-covered conductors.

spect to 60.1.1, construction:shall take into account the type and size of wirg

field-wiring conductors to’be used for calculating wire bending space shall 1
of MV-90 conductors with an ampacity no less than 135% of the rated
k using Tables 310:60©(73) and 310.60(C)(74) of NFPA 70 for copper 3
spectively.

banks rated over 2.5 kV shall be provided with wire bending space based
ictors.

odents, etc.

in UL 50E.
iven rain test

ting(s).

field-installed

, optional use
n 75.3.9. The
e determined
current of the
nd aluminum

bn the use of

0.19’of NFPA 70 provides details for the use of shielded conductors.

60.1.4 Terminals for field connection of medium voltage conductors shall conform to any one of the

following:

a) Bus bars provided with hole patterns meeting the requirements of ANSI/NEMA CC1;

b) Connectors complying with UL 486A-486B, rated for the conductor size required based on the

rated a

mpacity of the PFC bank; or

c) Separable connectors complying with IEEE 386, rated for the ampacity of the PFC bank.

60.1.5 There shall be provisions for bonding of conductor shields to the ground bus. These provisions
shall be located such that the shield bonding conductor need not exceed 3.3 ft (1 m).
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60.2 Low voltage conductors

60.2.1 When field connection of low voltage conductors is expected, wire bending space for low voltage
conductors shall meet the requirements for field wiring conductors as specified in 60.2.2 through 60.2.4.
The minimum size field-wiring conductors to be used for calculating wire bending space shall be
determined based on use of conductors with an ampacity no less than 135 % of the rated current of the
capacitor bank, using the ampacities shown in Table 310.15(B)(16) of NFPA 70 for 75 °C (167 °F) rated
conductors.

60.2.2 The space between the end of the pressure wire connector for the connection of field-installed
wire and the wall of the enclosure toward which the wire will be directed upon leaving the connector shall
be at least that specified in Table 60.1.

Table 60.1
Wire bending space at the low-voltage terminals of PFC Banks
Minimum bending space, terminalto wall
Size|of wire? Wires per terminal
1 2 3 4 or more

AWG or kemill (mm?) in (mm) in (mm) in (mm) in (mm)

4-3 (21.2-26.7) 2 (51) - - -

2 (33.6) 2-1/2 (64) — - -

1 (42.4) 3 (76) Z - -

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

2/0 (67.4) 6 (152) 6 (152) 7-1/2 (191) -

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

4/0 (107.2 7 (178) 7 (178) 8-1/2 (216) -
250 (127 8 (203) 8 (203) 9 (229) 10 (254)
300 (152 10 (254) 10 (254) 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 (406)
600 (304) 14 (356) 16 (406) 18 (457) 19 (483)
700 (355) 14 (356) 16 (406) 20 (508) 42 (559)
750 — 800 (380 — 405) 18 (457) 19 (483) 22 (559) J4 (610)
900 (456) 18 (457) 19 (483) 24 (610) 24 (610)

@ The wire size is to be based on 60.2.1.

60.2.3 The space specified in 60.2.2 is to be the length of a straight line extending from the end of the
pressure wire connector where the wire would be connected toward and perpendicular to the enclosure
wall toward which the wire would be initially directed.

60.2.4 If a wire is restricted by barriers or other means from being bent where it leaves the connector, the
distance required by 60.2.2 and Table 60.1 is to be measured from the end of the barrier. A terminal
connector that is not prevented from turning is to be repositioned anywhere within the limits to obtain the
shortest distance for measurement.
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60.2.5 Terminals for field connection of low voltage conductors shall be suitable for connection of
conductors having an ampacity of no less than 135 % of the rated current of the circuit to be connected, or
14 AWG (2.1 mm?), whichever is larger.

60.3 Separation of circuits

60.3.1 Field wiring terminals shall be located such that low voltage field-wiring conductors will be
separated from medium voltage wiring or components and medium voltage field-wiring conductors will be
separated from low voltage wiring or components.

60.3.2 For the purpose of 60.3.1, the conductors shall be separated by a distance no less than the
clearance required between uninsulated medium voltage parts and ground as shown in Table 65.1.

60.3.3 Field-wiring conductors for circuits having voltages above 7.2 kV shall be isolated from all low-
voltage condugtors and components by grounded metal barriers.
61 Bus Barg
61.1 Bus insplation is optional. When provided, the following requirements shall apply:
a) Busljoints, other than at shipping joints, shall be completely covered by insulating materials at
the factory. For interconnecting bus joints that must be made in the field, insulating |material shall
be supplied for application in accordance with the manufactu’er's instructions;
b) A representative sample of insulated bus shall wWithstand without breakdown the tgst for bus bar
insulatijon described in 67.6. This test is required- on one insulated bus bar test sanple for each
rated vpltage; and
c) The pus bar insulation shall be rated 94 V-0 or better.
61.2 Alljointg between bus bars shall bein or silver plated on both mating surfaces.
62 Internal Wiring
62.1 Condugtors
62.1.1 Insuldted condtctors shall be suitable for the service intended with respeqt to voltage,
temperature, pnd grouping. Conductors shall be not smaller than 24 AWG (0.205 mm?), and the
temperature nating sshall be not less than 90 °C (194 °F) unless shown suitable with appropriate
temperature rigetesting.

NOTE: These requirements apply only to the wiring furnished on or in PVC banks as a part of the equipment. They do not apply to
the supply wiring run to control equipment, to loads, or to other apparatus.

62.1.2 Conductors smaller than 24 AWG (0.205 mm?) may be used for wiring of printed circuit boards
and interconnecting wiring between electronic modules and subassemblies.

62.1.3 Conductors in sizes 1/0 AWG (53.5 mm?) and larger may be run in parallel if the arrangement is
such as to provide equal division of total current among all conductors involved.

62.1.4 Conductors that are in contact with each other, or bundled together shall all be insulated for the
highest voltage normally occurring on any of the conductors.
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