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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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