Q

UL 810

STANDARD FOR SAFETY

Capacitors



https://ulnorm.com/api/?name=UL 810 2023.pdf



https://ulnorm.com/api/?name=UL 810 2023.pdf

AUGUST 22, 2023 - UL810

tr1

UL Standard for Safety for Capacitors, UL 810

Sixth Edition,

Summary of

Dated October 29, 2019

Topics

This revision of ANSI/UL 810 dated August 22, 2023 is being issued to incorporate the following
requirements:

— Addition of requirements for medium voltage power banks in a new Part lll; 1.5A, 1.8,
Sections 57— 76

- Misclellaneous revisions throughout the Standard; 1A — 1C, Section 3, 31.1an

Text that has

with a vertical|line in the margin.

The new and|revised requirements are substantially in accordance with Rropdsal(s) on this
June 2, 2023.

All rights reserved. No part of this publication may be reproduced, stored in a retrie

transmitted in
without prior

ULSE provide

but not limited

In no event
including losg

any form by any means, electronic, mechanical photocopying, recording
ermission of ULSE Inc. (ULSE).

to, the implied warranties of merchantability or fithess for any purpose.

inability to use this Standard, even if ULSE or an authorized ULSE representative has been

possibility of {
this Standard

Users of the ¢lectronic versions-of UL's Standards for Safety agree to defend, indemnify, a

harmless fron
attorney's fe¢
Standard on t

uch damage. In no event shall ULSE's liability for any damage ever exceed th
regardless of the form of the claim.

 and againstiany loss, expense, liability, damage, claim, or judgment (includi

he purchaser's computer system.

been changed in any manner or impacted by ULSE's electronic publishing syg

s this Standard "as is" without warranty»0f‘any kind, either expressed or img

Vill ULSE be liable for any spegial, incidental, consequential, indirect or sin
of profits, lost savings, loss, of data, or any other damages arising out of thg

s) resulting-from any error or deviation introduced while purchaser is storing

o Annex A

tem is marked

subject dated

al system, or
or otherwise

lied, including

ilar damages,
e use of or the
advised of the
b price paid for

nd hold ULSE
ng reasonable
an electronic



https://ulnorm.com/api/?name=UL 810 2023.pdf

tr2 AUGUST 22, 2023 - UL810

No Text on This Page



https://ulnorm.com/api/?name=UL 810 2023.pdf

Y N‘\eﬂcan Nalia,,al 343
3

o 2
< %

OCTOBER 29, 2019
(Title Page Reprinted: August 22, 2023)

| ANSI/UL 810-2023

UL 810

Standard for Capacitors

First Edition — November, 1953
Second Edition — May, 1973
Third Edition — June, 1976
Fourth Edition — September, 1981
Fifth Edition — May 4, 1995

Sixth Edition

October 29, 2019

This ANSI/UL Standard for Safety consists of the ‘Sixth Edition including revisions
thfough August 22, 2023.

The most recent designation of ANSI/UL+810 as an American National Standard
ANSI) occurred on August 22, 2023 ZANSI approval for a standard does not
nElude the Cover Page, Transmittal Pages, and Title Page.

—

Cpmments or proposals forcrevisions on any part of the Standard may be
sybmitted to ULSE at any-titne. Proposals should be submitted via a Propogal
Request in the Collaborative Standards Development System (CSDS) |at
https://csds.ul.com.

Opr Standards for) Safety are copyrighted by ULSE Inc. Neither a printed nor
electronic copy\of a Standard should be altered in any way. All of our Standarfls
and all copyrights, ownerships, and rights regarding those Standards shall remgin
the sole-and exclusive property of ULSE Inc.

| COPYRIGHT © 2023 ULSE INC.



https://ulnorm.com/api/?name=UL 810 2023.pdf

UL 810 AUGUST 22, 2023

No Text on This Page



https://ulnorm.com/api/?name=UL 810 2023.pdf

AUGUST 22, 2023 UL 810 3
CONTENTS
INTRODUCTION
LIS Toto] o1 YRR 9
N ©70 4 0] o To] o 1= | £ 10
1B Units Of MEASUIEMENT ... e et e e e et e et e e een e e e 10
1C  Referenced PUbliCAtioNS ...........iiiiii e e e 10
N € o117 | Y PP 12
K B =T 1= | PP 14
3. CUIII'JUI LA~} |to ............................................................................................................ 14
3.2 Units of MeasuremMent.........coouiiiiiiiii e e e e M e 14
3.8 Undated references ..........ooeveiviiiiiiiiiie e A 14
PART | - CARACITORS
CONSTRUCTION
4 ENCIPSUIE ... e e 14
N T T - | P ) SR UPPRTY S 14
4.2 MetalliC ..o e e 14
7 I N\ o 3T =1 = | S P PPN 15
5 Intemal Protection Bridge .........oooee i e 15
6 Insulating Material ... e 15
7 Leads, Terminals and Internal Wiring ........ % oo oo e 17
8 SPaGiNgS ....ieiiiieiii e e e 19
PERFORMANCE
9 PUlHOUE TESt .o e e 20
10 Conductor Insulation Test. ... ..oou i e 20
11 Mold Stress Relief Test{(Terminals Blocks/Terminal Connectors)............ccceuueeei i, 21
L o= 11 1 00 =Y |l [T eSS T 21
L2 R T 0T SR UPPURRTY ST 21
12.2 Sample)preparation ..............oi oo 23
12.3 TestiMEthod .. ... e 23
14.4 Restrike test (expansion type protection only) ...........coooeiiiiiiiii 26
13 Dielectric’ Voltage-Withstand Test ... e 26
MANUFACTURING AND PRODUCTION TESTS
14  Dielectric Voltage-Withstand Test ....... ..o 26
MARKINGS
T € 7Y 1= - | 27
PART Il - POWER-FACTOR CORRECTION UNITS
GENERAL
G =Y 2 1 T ] (oo Y 28


https://ulnorm.com/api/?name=UL 810 2023.pdf

4 UL 810 AUGUST 22, 2023
CONSTRUCTION

17 Frame and ENCIOSUIE ...t et e e eaa s 28

18 Accessibility of Uninsulated Live Parts, Moving Parts, and Film-Coated Wire ......................... 33

19 Protection Against Risks of Electric Shock and Injury to Persons............cccoooviiiiiiiiiiieennnn, 35

S TR B G 1= o 1= | T 35

L T B AV oY= T o 35

R TG I 1Y (oY g Vo I o = (= PPN 35

19.4 MeChaniCal SEIVICING.......iiuiiiieii e e e e e e e e et e e et e et e e eenns 36

19.5 ElECHriCal SEIVICING .....iiii et e e e e e e e e e e e e ea e eaen 36

20 ASSEIMDIY ..t ettt eeaaas 36

21 Protection AQaiNSt COMOSION ... ..ciiuuei et ieii e ettt e ettt e e et e e e et e e e e e s e e e easan e eeeennns 37

22 Su piy Conmmectoms T e 37

23 Wiltiwg Terminals and Leads ...........oviiiiiiiiiiiiiiicec e e e 38

24 Wir@ Bending SPace........ccoeuuiiiiiiiiii e e e e e 40

25 Curfent-Carrying Parts.........ccoiiiiiiiiiiiiiiiiicieeceieeeeeie e e e e 41

26 Intefnal WiriNg.....coouuiiiiiiii e S T e 41

261 GENEIAL ... it e e 41

26{2 Protection of WiriNg ........cccoviiiiiiiiiiiieiie e e e 42

26{3 Electrical connNeCtioNS ...........cocuuiiiiiiiiiiiiiiiiieiieeee e e e e e 42

27 Separation of CirCUItS ........cceevviiiiiiiiiiiiiiieeeci e o e e e, 43

A A i CT=T =T - | P iy Yo SRS IR 43

2712 Separation barriers ........coooooiviiiiiiii S 44

2713 Field WIFNG . ... SR et e e e e e e e e e eneeee | 44

28 Insylating Materials ............coouiiiiiiii e e 45

29 Swiiches and Controls ...........c.uovvevieiiiiiee 3T e e 45

30 Ovgrioad-Protective DEVICES ........ovvuiiii e e e 45

31 Fuss and FUSENOIAErS .........uiiiiii e e e, 46

32 Printed WIFING ..o 8 e e e 46

K3 BT o (o7 o - T - o USRS ISR 46

K I G- T = | o PP UUPPPRTRSPIRY SUPPPRTSPN 46

33|12 Alternative SpacingsS. c: . e e e | 48

33|3 Insulating liners or barriers for the reduction of spacings .............ccccoeevveeci i, 49

33}4 Spacings for controlled environment applications .............ccocoiiiiiviiic o 50

34 Sedondary CirCUItS ..(.. . e e e et s eeeeeni e eeeenn e eeeeee | e e 51

3411 General..... b et eenen | 51

34(2 Limited POWET SOUICES .......uiiiiiiiieeeeiii e e e e et e et e e [ 51

35  Grounding COMMECHIONS .....ciiiiiiii e e e et e e et e e e eeai e eeeeens |eee e e e e e 53

36 Borlding ofdnternal Parts.........ooooiiiiii e [ 54
PERFORMANCE

A € 1= 1= PP 56

B8 POWET INPUL TSt ..o 57

39  Draining Of Charge TeST ... .ccuuiiiii e e e 57

40 Secondary Circuit EValuatioNS...........coiiiiiiiiiiii e 57

40.1 SELV determination ........coouuiiiiii e et ean 57

40.2 Limited power determination..............ii i 57

41 TemPerature TeST .. ... e 57

42 Dielectric Voltage-Withstand Test ..o 60

G T 01441 o] = T1=1 (o] o TN =Y PP 60

N Y 1= Tor o T =T PP 61

45  Tightening TOrqUE TeSE.... .ot ettt e e e s 61

T = 11 o I Y= Lo I 1= PP 61


https://ulnorm.com/api/?name=UL 810 2023.pdf

AUGUST 22, 2023 UL 810 5

MANUFACTURING AND PRODUCTION TESTS

47 Dielectric Voltage-Withstand Test ..o 61
RATINGS

48 DBAIIS ...ttt e e e e 62
MARKINGS

A9 GBNETAL ..ottt 63

50 Installation INStrUCLIONS ...v..iieeeee ittt 64

OUTDOOR-USE UNITS

L I €T 1 1= - | U PSUPPRTUPPRRN S S SRR RO 64
LoV 071 ) 15 { {1 o 1 o] o PSR, o5 SRS 64

oY I € 1=T g =Y - | U S 64

52.2 Corrosion protection............ccooveeiiriiiiiiiiiineeeeee e T e 65
B3 RalN Test ...t e 66
54 GaBKet TeSIS ...t T et e 70
55 Mefallic Coating Thickness Test..........ccoovvvveiinieeee QA o 70
56  MaAKINGS. .. cieiitiiiiieii e ettt e e ee e e eaba e eee e e e 71

PART Il - MEDIUM VOLTAGE POWER FACTOR CORRECTION CAPACITOR BANKS

GENERAL
57 Nolmal and Special Service ConditioNs.............ccoeeeuiiiiiiiiiiiieiiieieeeeeeeeeee e 72
57.1 Normal service CoONditioNS ... civiiiii e e 72
571.2 Special service conditiONS ...........oooiiiiiiiiiiiii e e 72
58  GlgSSANY...ceeeeiiieiiii e T e e 73
oY IR I CT=T =T - | e P N 73
58.2 Equipment characteristics ..........coooiiiiiiiii e e 74
CONSTRUCTION
Eo3e T = o 1 [0 T U= NPT UPPTPRTTY TTRPPT 74
59.1Requirements in other standards ..............cccooooiiiiiii e 74
59.2-General requUiremMentS e errrrrrrrrrrrrrrrr——————————————— e 74
59.3 Complete eqUIPMENT ... ... e 75
59.4 Exterior doors, covers, and similar parts of enclosures.............c..cccoooiiiiiiiiiiii, 75
59.5 INSPECION WINAOWS.......ciiiiiiii e e e e e e e e e e e een 76
59.6 Ventilating openings, vent outlets (openings in enclosures) ...........ccoovevviiiiiiciiiieeennne. 76
59.7 Protection against COMOSION .........ociiiiuiieiee e 77
59.8 External operating handles and control deviCes..............coviiiiiiiiiiiii e 77
EoTe IR =y 1= RS 77
59.10 Environmental enclosure considerations.............cci i 78
B0  Field-Wiring CONNECHONS ........ciiiiiiiiiee e et e e e e et e e e e e e et e e e e eanaes 78
60.1 Medium voltage CONAUCIOIS .......c..iiii e e e e e e ee 78
(1073 o NV AY o1 r=To [N oo ] T [ o1 (o] 4= TSRS 79
60.3 Separation Of CIFCUILS ........coeu i e e 80
(O B = T LS = = = T PP 80
(S22 101 (=T 4 aF= T A4 o PP 80

22 I 070 0 To [ ¥ T3 (o = 80


https://ulnorm.com/api/?name=UL 810 2023.pdf

6 UL 810 AUGUST 22, 2023

62.2 Support for iNterNal WiriNgG..........i i e e e eees 81
62.3 Routing through a metal barrier...........coooiiiii e 81
63 INSUIAting MaterialS ......couuiiiiii e 81
64 Provisions for Bonding and Grounding ...........ccoeiuiiiiiiiiiiie e 82
64.1 Grounding of exposed metal PartS....... ... 82
64.2 Provision for ground termination ...............oiiiiiiiiii i 82
T IS Y o = Tod] o To [ PSPPSR 84
66 Capacitors and SWItChING DEVICES ........c.uiiiiiiiii e e aanes 84
PERFORMANCE
67 Short-Time Withstand Current TeStS ........oooeuiiiiii e 85
7T GeNeTal oo e 85
6712 TeSt CirCUIt......oeiee e eeee e b e 85
6713 Testarrangement.........co.oi i e e 86
6714 TesSt ProCedure ..........oovuiiiiiii el e 86
675 Evaluation of test results .........ccooevviiiiiiiiiii e N e 86
6716 Short-time Withstand Current Test on Ground BUS ...........ccoooei?oveineevinc oo 86
68 DielleCtric TestS...ou e e e e 87
BT GENEIAL. ...t e et e e 87
68)2 Impulse withstand tests........cccoooeviiiiiiiii Gt 87
68]3 Power-frequency voltage withstand test............. 8 ) oo 89
68J4 Testforbus barinsulation.............cccooiiiiii e e e 90
69 Driven Rain Test.....ooui e S e e e 90
B GeNEral.... e e e e e e 90
69J2 Testmethod .........oooeiiiiiiii N e 90
6913 EValuatioN ......ccouniiiiii 8 e e 91
70 Meghanical Tests of Viewing Panes ... {0 oo e 91
40 [ €= =T - | Y IS 91
702 Pressure test. ... oo e e 91
TOJ3 IMPaCtest . ... e e 91
A B oo I =11 Y 1= S SR A 91
72 Endosure Ground Integrity TEST.........cooiiiiiiii e e 92
RATINGS
S T 1= 11 =T | R ST 92
MARKINGS AND INSTRUCTIONS
T4  GenBTal e 92
AT = =Y g F= 1 I @7 o] oo 1110 ) o PP 93
5T B C1= 2 =T = | PSP 93
STV O 11 (o [0 o] ST T S 93
20 T =4 12110 = 93
76  Additional Equipment Information ......... ... 94

Supplement SA - Electrolytic Capacitors

TN S 1o o 1Y PP PPRPPT SRR 95
SAZ  GlOSSAIY ...evuiiiiiie e e e et e 95
ST N B 1Y o 1Y = | PP 95
Y S O 0 o ] {1 (o 1o o 95

YV oy B g (o (o 1= U 95

SA4.2 Internal protection Dridge .......coeuniiiiiii e 95


https://ulnorm.com/api/?name=UL 810 2023.pdf

AUGUST 22, 2023 UL 810 7

SA4.3 Insulating Material...........i i 95
SAL.4 EIECHOIVIE .oee i 95
SA4.5 Leads and termMiNalS .......ccouuiiiiiii e 96
Y I o =TT o - PSP 96
T N T =T o (0] 0 0 =1 o TP 96
ST T I 1= =Y = | SR 96
SASB.2 PUIFOUE ST ...t 96
SA5.3 Torque test (SCrew terminals) ..........iiii i 96
SA5.4 Heating (Sealing) test. .. ... i 97
SABL.5 Pressure relief teSt .. ..o 97
SA5.6 Dielectric voltage-withstand test ... 97
ST R |V =4 (T o - 98
SAC1 CUIIUIG: ............................................................................................................... 98
SAB.2 INSIIUCLIONS ... cceiiiiii e e e e e e e e gy e M e e e e 98

| ANNEX A (INFORMATIVE) Recommended Standards for Components



https://ulnorm.com/api/?name=UL 810 2023.pdf

UL 810 AUGUST 22, 2023

No Text on This Page



https://ulnorm.com/api/?name=UL 810 2023.pdf

AUGUST 22, 2023 UL 810

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 {

1.5 A compdonent capacitor used in a-power factor correction unit as described in Part Il o
luated for across-the-line”applications in accordance with Part | of this Stapdard and has

has been eva
been evaluatsd

1.5A There
intended to p

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-e
th 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 Electrieal Code, NFPA 70. Thi
nstallation in ordinary locations, in accordance with the National Electrical Cq
bient temperature does not exceed 40°C (104°FyYmaximum. 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

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

uirements in _Part 11l cover equipment having ac voltage ratings above 1000
rovide powerifactor correction for AC power systems. The power factor co

V. Capacitors
remainder of
d 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

V, up to 46 kV,
rrection banks

covered by Part lll of this Standard are metal-enclosed assemblies consisting of one or more shunt power

capacitor(s),

control of the

vith ar'without additional controls and switching devices necessary to provide

power factor

Df the, system to which the equipment is connected. The power factor correc

ion 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 I, Part I, and Part 11l 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 Components

1A1

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) Be used 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 compenen

component re(

a) Invg
produc

b) Is sy

c) Is s
used W

1A.3 Specifi
capabilities.
temperatures

1A4 A com
ground-fault g
thereof, shall
devices that p

1B Units of

1B.1  Values
approximate i

1C Referenc

1C.1 Anyun

juirement 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

ponent that is also intended to perform 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

yith 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 rpfnrring to the latest edition of that code or standard

1C.2 The following 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 k\V-38 kV)
IEEE 386, Separable Insulated Connector Systems for Power Distribution Systems.above 600 Volts
ANSI/NEMA CCA1, Electric Power Connection for Substations

NFPA 70, National 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, Medilim-Voltage AC Contactors, Controllers, and Control Centers

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

UL 248-11, Lqw-Voltage Frses — 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 Electron/c Equ:pment - Part 14: Sect/ona/ SpeCIf/cat/on 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 glso known as
the element.

2.3 CLASS 2 CIRCUIT — A circuit supplied by a Class 2"source in accordance with Artigle 725 of the
National Electfical Code, NFPA 70.

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

2.5 CONTROQLLED ENVIRONMENT - Anienvironment 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 equipment, 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 ELECTRODEsFOIL 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.

2.11 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.

2.15 LEAD - An insulated wire provided as the electrical connection to the capacitor.

2.16 LIMITED- Q
or 60 Vdc and supplied by a limited power battery, a Class 2 transformer, or a combinatioma
and a fixed impedance that as a unit complies with all the performance requirements-for g
source as spqcified in Exception No. 2 of 34.1.1.

(42.4 Vpeak)
f a transformer
limited power

218 POWE]
by a wattmet

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.

2.19 POWE
increase the

-FACTOR CORRECTION - Addition ,of\Capacitors to an inductive circu

2.20 POWER-FACTOR CORRECTION UNIT.—A group of capacitors housed in one enc
connected ahead of an induction load (such as large motor driven equipment) to correct th
of that individgyial load. Also referred to as a unit in this standard.

2.21 PRES$URE SENSITIVE INTERRUPTER (EXPANSION TYPE PROTECTION)
protection deyice that assists in-the'expansion process by providing resistance to internal pr
by a build-up pf gases. Also referred to as an internal protection bridge.

2.22 PRIMARY CIRCUILTF — A circuit that is directly connected to the AC main supply, fo
means for copnections)to the AC supply, the primary windings of transformers, motors ang
devices.

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 SAFETY CIRCUIT — Any primary or secondary circuit that is relied upon o 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
| 311 Delete
| 312 Delete
| 313 Delete

| 314 Delete

3.2 Units of
| 321 Delete

3.3 Undated

measurement

L

references

| 331 Delete
PART | - CAPACITORS

CONSTRUCTJON

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

4.2.1 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) Cor
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;

5ture-absorbent properties;
nbustibility;

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
plative 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.

y the Standard
ceptability of a

be subjected

n at maximum
an enclosure
or the marked

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

ectric 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.

A material used for the mounting of uninsulated capacitor terminals shall be a material rated for the
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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 trjacking 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 the tests described in the Standard for Tests for Flammability of Plastic
Materials for Parfs in Devices and Appliances, UL 94.
b Tests are to belconducted 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.
94 Also applies tofa nonmetallic enclosure 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 {3nternal insulating materials shall have a relative mechanical temperature|index without
impact of at ldastZ0°C (1 RR°|:) or the marked temperature rn’ring marked on the capacitor] 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: B4
the Pull-Out
minimum thic

7.3 An integ
capacitor sha
spacings and
with the Stang

Exception: A

outlinedin 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 shallkeomply 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 wmay alternatively be evaluated to thg

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 ¢
bd 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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