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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER CAPACITORS -
LOW-VOLTAGE POWER FACTOR CORRECTION BANKS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all |national electrotechnical committees (IEC National Committees). The object of IEC is to, promote
intefnational co-operation on all questions concerning standardization in the electrical and electronic-fi¢lds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical /Specififations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refesred, to ds “IEC
Pubjication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inferested
in the subject dealt with may participate in this preparatory work. International, governmental afjd non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with ¢onditions determ|ned by
agrgeement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interpational
congensus of opinion on the relevant subjects since each technical commitiee has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for international use”and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to-ensure that the technical contenf of IEC
Publications is accurate, IEC cannot be held responsible for the ‘way in which they are used or [for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ|cations
transparently to the maximum extent possible in their national and regional publications. Any divérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢ated in
the Jatter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide copformity
assessment services and, in some areas, acces§ to IEC marks of conformity. IEC is not responsible [for any
ser\ices carried out by independent certification,bodies.

6) Al

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and
members of its technical committees-and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

sers should ensure that they have the latest edition of this publication.

8) Attdntion is drawn to the-Normative references cited in this publication. Use of the referenced publicqtions is
indigpensable for the cercect application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEG, shall not be held responsible for identifying any or all such patent rights.

This rledline.version of the official IEC Standard allows the user to identify the changes
made|tothe previous edition. A vertical bar appears in the margin wherever a change

has been-made.-Additions-are ingreen-text,deletions-are in strikethrough red text.
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International Standard IEC 61921 has been prepared by IEC technical committee 33: Power
capacitors and their applications.

This second edition cancels and replaces the first edition published in 2003. It constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

e numerous changes regarding verification methods to align with IEC 61439-1;

o mQeification-efmarking:

e ad{ routine verification of rated output;
e new Annex D with guidance on methods for temperature rise verification;
e upfate of normative references;

e geheral editorial review.

The tgxt of this International Standard is based on the following docunients:

FDIS Report on voting
33/607/FDIS 33/611/RVD

Full information on the voting for the approval of this)lnternational Standard can be foluind in
the report on voting indicated in the above table.

This document has been drafted in accordance'with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC website under "http://webstore.iec.ch” in the data relgted to
the specific document. At this date,sthe document will be
e re¢onfirmed,

. wilhdrawn,

o replaced by a revisededition, or

e amended.

IMPORTANT-="The “colour inside” logo on the cover page of this publication indjcates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printearl.
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POWER CAPACITORS -
LOW-VOLTAGE POWER FACTOR CORRECTION BANKS

1 Scope

This International Standard is applicable to low-voltage AC shunt capacitor banks intended to
be used for power factor correction purposes, possibly equipped with a built-in switchgear and
controlgear apparatus capable of connecting to or disconnecting from the mains part(s) of the
bank ith the aim to correct its power factor.

Low-vpltage power factor correction banks if not otherwise indicated hereinafter*and where
applicable—shall comply with the requirements of tEC-60439-1 and-those-0f 1EC 68(439-3
IEC 61439-1 and IEC 61439-2.

2 Noprmative references

The fgllowing documents are referred to in the text in such _a,way that some or all of their
content constitutes requirements of this document. For dated references, only the ¢dition
cited applies. For undated references, the latest edition of the referenced document (indluding
any amendments) applies.

IEC 680429-1-1000 | nuw-vnltage switchaear and controlacar assemblias Dart 1- Tunaltested
= o OpaoI-—— oo, s OWYorage-SwieAgearahla- GCoANorgearassSemores f T ypetfestea
IEC-6D430-3:-1000 | ow-voltage—switchaear-dnd controlaecar-assemblies Dort - Daodtinijor
HEo—opaoI-o- I oW-YorageSWHengealkana—6conRtrorgearasSSemoHes —at—o—F—aHtHetHat
raauirbments for lov/-voltage switchaearcand controlaear-assemblies intended to be installed
reqtHe eSS FHor—owW-vYorageSWHEAgear-@RaCoRorgearasSSemoHes tehageagtooetAptaieq

L . e i 5"!.' Distrit ':'g

IEC 60831-1:4996 2014, Shunt power capacitors of the self-healing type for AC s)stems
having a rated voltage up to@nd including 1 000 V — Part 1: General — Performance, festing
and rgting — Safety requirements — Guide for installation and operation

IEC 60931-1:1996, Shunt power capacitors of the non-self-healing type for AC s)ystems
having a rated voltage’ up to and including 1000 V — Part 1: General — Performance, festing
and rgdting — Safefy-requirements — Guide for installation and operation

IEC 61439-1%:2011, Low-voltage switchgear and controlgear assemblies — Part 1: Ggneral
rules

IEC 61439-2:2011, Low-voltage switchgear and controlgear assemblies — Part 2: Power
switchgear and controlgear assemblies

IEC 61642:1997, Industrial AC networks affected by harmonics — Application of filters and
shunt capacitors

3 Terms and definitions

For the purposes of this document, the terms and definitions given in—tEC—60439-1;
IEC 61439-1, IEC 61439-2, IEC 60831-1 and IEC 60931-1 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

Low-voltage AC capacitor bank or power factor correction bank
Combination of one or more low-voltage capacitor units together with associated switching
devices and control, measuring, signalling, protective, regulating equipment, etc., completely
assembled under the responsibility of the assembly manufacturer with all the internal
electrical and mechanical interconnections and structural parts

Note 1 to-entr\ Throughout this-standardthe abbreviations—“automatic bank’ and ‘assembh/” are yusadsf alow
Note— Ay +HRO f +HHS-Stahaara—+theabbreviatioRsS—adtomatcoah Y—afre_us8a— a—+OW

R E—aSSeho

Note 1 fo entry: The capacitor bank can be fixed, manually switched or automatically controlli€d through th¢ use of
a powef factor controller.

Note 2 fo entry: The components of switchgear and controlgear of the automatic bank may be electromeghanical
or electfonic.

3.2
step qf capacitor bank

step

combihation of one or more capacitor units switched together through a single switch with
possifjle detuned reactors, connecting wires, and agsociated switchgear and contrplgear
apparatus

3.3
automatic reactive power-regulater
controller

cireuit| device designed to calculate the.reactive power absorbed by the load connected|to the
power|line and to control the switching-on and off of the steps of the automatic bank, inf order
to compensate for the reactive powef:

Note 1 o entry: The reactive power jis‘'nermally calculated at the fundamental frequency.

Note 2 |to entry: The controllerqmay be “built-in” or “free-standing’-and-has—usuallyto-beadjusted foreag¢h-bank
before pperation.

Note 3 [to entry: The conftroller generally performs functions of measurement / monitoring of power, contro|ling (of
capacitpr steps) and pratection (of capacitor bank).

3.4
transient inrush current I,
transi¢nt overcurrent of high amplitude and frequency that may occur when a capaditor is
switchled“on, the amplitude and frequency being determined by factors such as the |short-
circuit impedance of the supply, the amount of energized capacitance switched in parallel and
the instant of the switching

3.5

rated reactive power Qy (of-an-assembly a capacitor bank)

total reactive power of-an—assembly a capacitor bank at the rated frequency and voltage,
calculated by the total impedance of the bank including reactors, if any

3.6

maximum permissible current

value of current declared by the manufacturer which can be present continuously in the
capacitor bank, used for installation and protection settings
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4 Marking of a capacitor bank

The following minimum information shall be given by the manufacturer-inan-instruction-sheet
or-alternatively,—on-request-of-thepurchaser; on a rating plate to be fixed on the-assembly

capacitor bank.

1) Manufacturer’s name or trademark.

2) Identification number or type designation.
3) Date of manufacture, in clear or code form.
4) Rated reactive power, Qy in kilovars (kvar).
5) Rated voltage, Uy in volts (V).

6) Rated frequency, fy in hertz (Hz).

7) Reference to the IEC 61921 standard and its year of publication.

The fgllowing information must also be given by the manufacturer, on th€ rating plate| or on
instrugtion sheet.
8) Rating of steps, in kvar.

9) '.‘ ’
Value of series reactor if any (or reactance ratio in % or{uhing frequency).

10) Minimum and maximum ambient temperatures in degrees Celsius (°C).
11) Pegree of protection of enclosure.

12) |ocation type: indoor or outdoor.

13) Rated short time withstand current (/).

14) Rated conditional short-circuit current (dgy), if applicable.

15) Maximum permissible current.

16) Rated insulation voltage(U,).

17)

Rated impulse withstand voltage (Uimp).
5 Service conditions

See re¢levant clauses offEC 61439-1 and IEC 61439-2.

6 Guide for design, installation, operation and safety

6.1 General

Unlike most electrical apparatus, shunt capacitors, whenever energized, operate contintiously
at full load, or at loads that deviate from this value only as a result of voltage and frequency
variations.

Overstressing and overheating shorten the life of a capacitor, and therefore the operating
conditions (that is temperature, voltage and current) should be strictly controlled.

It should be noted that the introduction of a capacitance in a system might produce
unsatisfactory operating conditions (for example amplification of harmonics, self-excitation of
machines, overvoltage due to switching, unsatisfactory working of audio-frequency remote-
control apparatus, etc.).

Because of the different types of capacitors and the many factors involved, it is not possible
to cover, by simple rules, installation and operation in all possible cases. The following
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information is given with regard to the more important points to be considered. In addition, the

instructions of the manufacturer and the power supply authorities shall be followed.

Design

6.2

o) e .
2 N
e (O]
D o P
P o® B
q
D d -
|~ = d a
T 1 d >
22 P g 2
&5 I 2
T o .
T P E mw
¢ < b & -
T3 ®
a oL
D »
¢ I D 4]
T o
Z unw d o
o 4 d D
29 O\ hi
b £ B, o
¢ L B A o)
Y 5 .m-
5 2 d 5
* O ol D 7
30 2 ® &
b P E
(O]
) = 4
& & <+
= P &
[ o]
o P R o
:
) b d >
P& o P
Q nw. W 9
++ o
R | . @
o) o N D ¢
.rw. (O] “. b 2
I b - o
GiSS S & ".\\fUmw
28 ;
5 - P oy
o Mwu mU
2= D + &
.mW ..mw - L © Nex
= L =
o 2 d
= o .
mW /2] d ¢
£ & P
T3 o b P
D 3 d [}
T T O prd
m“ R D [O)
qu mw 5 -" P
D= P D nw.
[ORNY o
R Q-
- O L
H O . Fr

Choice of rated voltage

6.2.1

The rated voltage of the capacitor bank shall be at least equal to the service voltage of the |

network to which the capacitor is to be connected, account being taken of the influence of the
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presence of the capacitor itself. The service voltage is the actual voltage level experienced by
the capacitor bank even if it does not respect the normal tolerances on the rated voltage.

In certain networks, a considerable difference may exist between the service and rated
voltage of the network, details of which should be furnished by the purchaser, so that due
allowance can be made by the manufacturer. This is of importance for capacitor banks, since
their performance and life may be adversely affected by an undue increase of the voltage
across the capacitor dielectric.

If no information to the contrary is—available agreed between the manufacturer and the
customer, the service voltage shall be assumed as equal to the rated-{(er-declared) voltage of

1 ) L Janl N L
the network—with apprcaore-torerances:

Wherg
harmo
the s¢
of the

When
considg

circuit elements are inserted in series with the capacitor to reduce the-~€&ffe
nics, etc., the resultant increase in voltage at the capacitor terminals over and
rvice voltage of the network necessitates a corresponding increase inc¢the rated v
capacitor.

determining the voltage to be expected on the capacitorjterminals, the fol
erations shall be taken into account:

a) Sh
th

harmonics. Capacitors are therefore liable to operate’ at a higher voltage tha
measured before connecting the capacitors.

unt-connected capacitors may cause a voltage rise from¢the source to the point
y are located (see Annex B); this voltage rise may be greater due to the prese

cts of
above
pltage

owing

Wwhere
hce of
h that

b) The voltage on the capacitor terminals may be“particularly high at times of light load

copditions (see Annex B); in such cases, some\or all of the capacitors should be sw
out of circuit in order to prevent overstressing of the capacitors and undue V|

ing

Only i
and m
Excep

NOTE
avoided
power d

NOTE 3

rease in the network.

h case of emergency should capagtitors be operated at maximum permissible V|
aximum ambient temperature simultaneously, and then only for short periods o
tion will be during temperature'rise test of the design verification.

An excessive safety margin‘in the choice of the rated voltage-tiy of the capacitor units-sheuld h{
, because this would result in/a decrease of reactive power output when compared with the rated
utput.

See IEC 60831-1 concerning maximum permissible voltage.

itched
pltage

pltage
time.

s to be
eactive
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Capadg
howeV

and thle connections shall be designed to carry continuously a currentof at least 1,3 tim

curren
voltag

The {
withst

of high amplitude and frequency that may occur when-switching on.

Such
that

Switching and overload protection

itor overload capacities are given in IEC 60831-1 and in IEC 60931=1¥ These lim
er larger than the ones applicable for the banks. The switching and protective d

t that would be obtained with a sinusoidal voltage of an r.m!s) value equal to the
e at the rated frequency.

witching and protective devices and the connections shall also be capa
hnding the electrodynamic and thermal stresses_€aused by the transient overcd

ransients are to be expected when a bankor a step is switched in parallel with

re already energlzedAHS—eemmen%aenee—teqnerease—tkm—w@uetaﬂee;

ts are
Bvices

Ees the

rated

ple  of
rrents

pthers

Some
use o
consig
dimen
proteg

NOTE -1

switchiing operations may occur at relatively short intervals of time.-Switchgear—and;
ing and\protection devices should be selected to withstand these conditions.

SwitcH

tions—in—ordertoreduce—switching—cyrrent—althouah—this—increa tha t
tions—in—ordertoreduce—switc HAg—CHFrent—aHtRoudgR—HHS—HRcrea the—t

vitching devices.

of the techniques used to rgduce the switching transient include use of series red

capacitor duty contacters’with pre-charging resistors or solid state switches.
eration of electrodynamic and thermal stresses runs the risk of leading to exc
sions, special precautions, such as those mentioned in IEC 60831-1 for the purp
tion against overeutrents, should be taken.

In certain_cases, for example when the banks are automatically controlled, ref

$hould be taken not to exceed the maximum permissible switching current o capmcitors

ctors,
When
bssive
pse of

eated

It is recommended that capacitors be protected against overcurrent by means of suitable

overcurrent—eloys—whichare—adiustoble toonerate the sywitehing
exceeds the permissible limit specified in IEC 60831-1 and IEC 60931-1.

generally provide suitable overcurrent protection.

devices when the current
Fuses do not

Any bad contacts in capacitor circuits may give rise to arcing, causing high-frequency
oscillations that may overheat and overstress the capacitors. Regular inspection of all
capacitor equipment contacts is therefore recommended.
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6.3 |Installation and operation
6.3.1 Electrical environment

©
6.3.1. Harmonics (</C)

N
The cpnnection of-PFC{powerfactorcorrection)equipmenta capacitor bank onto a dystem

each g¢apacitor step. N\
N

If ironjcore reactors are used, attention shoul&@e paid to possible saturation and overh

of the|core by harmonics. $’\.

More gletailed information can be foundﬁT\@IEC 61642.

contaihing harmonics may reduce%e—%e—el—u:»e—lll;l;&meat its life time. The damaging
effects of harmonics can be mitigated by the use on itable detuning reactor in serigs with

eating

6.3.1.2 Switching overvoltages

Switching overvoltages internally generated due to the operation of the capacitor bank should
be avoided or minimized. Such switching overvoltages if any shall not exceed the limits
prescribed in the IEC 60831-1 or IEC 60931-1. If switching components are selected which
are specifically recommended for capacitor applications, the problem should not arise.
Nevertheless, equipment does deteriorate with time and worn contacts should be replaced

during regular maintenance checks.
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6.3.2 Secondary effects of the-PEC-system capacitor bank ‘
6.3.2.1 Harmonic distortion

PECequipment A capacitor bank when connected onto a system where harmonics are being ‘
generated will generally increase the amplitude of the harmonics, unless a well suited
detuning reactor is placed in series with each capacitor step.

The increase in harmonics will not only affect the life of the capacitors but could cause
problems with other electric and electronic equipment in the system.

6.3.2.2 __ Attenuation of injected ripple control signal

Ripplg control signals are provided by electricity authorities for the control and switch
off-pegk loads (e.g. hot water heaters, street lighting, etc).

A cappcitor bank may cause significant decrease of the ripgle;Control signal. This dan be
prevemted by increasing the impedance at the frequency of that 'signal by connecting rejection
or blogking circuits in series to the capacitors units.

6.3.3 Overvoltages

IEC 60831-1 and IEC 60931-1_specify overvoltage factors.

With the manufacturer’s agreement, the overvoltage factor may be increased-i mated

6.3.4 Overload currents

Before ordering-PEC-equipment a capacitor bank, consideration should be given to checking
the conditions in the system at the place of installation (for instance, presence of harmonic
distortion, or use of ripple control frequencies).

Capacitors should never be operated with currents exceeding the maximum value specified in
IEC 60831-1 or IEC 60931-1.
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6.4 |Safety
6.4.1 Discharging devices
6.4.1. General

Each fapacitor‘bank or step-sheuld shall be provided with means for discharging thg-bank
capacltors (as\for IEC 60831-1 or IEC 60931-1) after disconnection from the network.

The dpécified discharging times may be met by applying either internal (incorpgrated)
discharge—resistors—om—each—capacitoror—externat—dischargedevices rated—for—the—entire
capacitor equipment.

Before touching any live parts, allow at least 5 min for the bank to self-discharge and then
short-circuit each capacitor terminal together and ground.

6.4.1.2 Internal resistors

Internal resistors are generally built into the individual capacitors. They are designed to
ensure the discharge of each capacitor and therefore the whole bank. In a bank with several
sections of capacitors in series, the residual voltage on the bank terminal is equal to the sum
of the residual voltage in each section.
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6.4.1.3 External discharge devices

External discharge devices may be used. Each device should be adapted to the conditions
existing at the site of erection of the equipment and have suitable-strike-distance clearance,
creepage path and insulation level. If the capacitors have no internal discharge resistors,
there—should shall be no—iselating switching device between the capacitor—bark and the
discharge device.

Discharge reactors may be used, connected directly in parallel with the capacitor steps.
Usually, two reactors are connected line-to-line across two phases because of economic
reasons. Under operating conditions, only the magnetizing current flows in the reactor. When
the capacitor equipment is switched off, all the energy stored circulates through the coil in a
few siconds. Most of the energy is dissipated in the reactor. The number of discharges per

unit ofl time should be restricted so that no overheating of the discharge reactor occurs.

Windings of transformers or motors may be considered as suitable impedances.as well ps the
primary of voltage transformers.

6.4.2 Discharging after disconnection

A disqonnected capacitor installation should completely self-diseharge no matter whefe the
dischdrge device is located, be it directly at each capacitor or’at-the connecting terminals of
the equipment.

Howeyer, a capacitor installation comprising series connections and star connections, [which
have lindergone puncturing or internal or external afgcing, may not be discharged completely
through discharge devices connected to the terminals of the capacitor installation. Although
there |is no voltage measurable at the equipment terminals, dangerous amounts of ptored
energy may exist in the bank. These so-called.“trapped charges” may persist over a pefiod of
severgl months and can only be discharged by individual discharging of each section |of the
bank.

It is important to note that a discharging device is not a substitute for short-circuiting the
capac|tor terminals together and to-ground before and during handling.

6.4.3 Fire hazard in case of failure

Capagitors contain flammable materials, i.e. dielectric film and/or paper, oil, etc. Thg bank
should be arranged (with consideration of a possible fire hazard in case of a failur¢ of a
compagnent. The two.areas to be considered are as follows:

a) Adjacent areas to the capacitors. Normally capacitors are manufactured in metal cgns or
are instatted in a segregated metal section or separated from other components by|metal
barriers./ Power and control cables in these areas should be kept to a minimum and
c:|>efully cabled, so as to avoid direct contact to capacitor cases. 1n

b) Adjacent areas around the reactors. Where reactors (chokes and filters) are installed,
power and control cables should be kept to a minimum around these components or at
least supported away from the laminated steel cores of these components.

6.4.4 Human and property damage
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Any maintenance operation shall be undertaken after isolation of the complete capacitor bank
(or sections) providing that the safety operations described by IEC 61439-1 are observed. The
minimum discharge time as per 6.4.1.1 shall also be observed.

H—the
equipt
the—cif

For ddtails, refer to IEC 61439-1.

6.4.6 Connection of systems ('1:\
| | | S

The bus bar system in these-assemblies capacitor banks shall be (??r nged so that cables or

bus bars to be connected and extended to the installation have@ icient area for taketoff. If

cableq are used for this extension, they are usually of a larg oss-sectional area andg shall
be of & suitable size to take the required rated current and féql current of the system.

For ddtails, refer to IEC 61439-1. <2Q<<
N

6 Elpotromagnetic compatibility
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F3:3 "f'll"'eat'el" gll. p'Gt.est'.'le measures-and-of the-electrical-continuity

See-therelevantclauses of IEC 804391

734 Verificati £ lati ist

See-therelevantclauses of IEC 804391

7 Design verification

7.1 General

3

Design verification is intended to verify compliance with the requirements Iai% \/n

standgrd for a given type of capacitor bank.

Q’\

Design verification shall be carried out on a sample of a capacitor bank@ ufactured

same,|or similar design, and under the responsibility of the manufacturer. (Refer Anne

definifjon of similarity of design). N

©

The design verification may be carried out in any order anngJn different samples

same fype. g\\

)
7.2 |Strength of material and parts QQ
See tHe relevant clauses of IEC 61439-1 and IEC%{é 9-2.

b

7.3 |Verification of degree of protection ,g\@hclosures
See the relevant clauses of IEC 61439-1 IEC 61439-2.

Q\

7.4 [|Verification of clearances a@ creepage distances

See tHe relevant clauses of IECG){54439-1.

7.5 |Protection again@eléctric shock and integrity of protective circuits
See the relevant cIat@ngf IEC 61439-1.

7.6 Incorpo<§i~on of switching devices and components
See the re@ﬁ‘nt clauses of IEC 61439-1.

e |

n this

to the
C for

of the

See the relevant clauses of IEC 61439-1.

7.8 Terminals for external conductors

See the relevant clauses of IEC 61439-1.

7.9 Verification of dielectric properties

For this test, all the electrical equipment of the capacitor bank shall be connected, except

those items of apparatus which, according to the relevant specifications, are

— designed for a lower test voltage;
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— current-consuming apparatus (e.g. capacitors, windings, measuring instruments, voltage
surge suppression devices) in which the application of the test voltage would cause the

flow of a current,

shall be disconnected. Such apparatus shall be disconnected at one of their terminals unless
they are not designed to withstand the full test voltage, in which case all terminals may be

disconnected.

For electromechanically switched capacitor banks, see the relevant clauses of IEC 61439-1

and IEC 61439-2.

For sph —— - - ——
agreement between purchaser and manufacturer

7.10 [Verification of temperature-rise limits (\

See the relevant clauses of IEC 61439-1 with the following modifications: (19
N -

— thg test current shall be at least 1,2 times the rated current; (1/

— th¢ calculation method proposed in IEC 61439-1 is not allowed. (b

In cade any system would limit the current to a lower valu@n 1,2, then the tes

corregpond to such limited value.

One (¢r a combination) of the following methods can o ?n the test current level: increa
test vgltage, increase the test frequency or mcrease\@e capacitor value (see Annex D).

procedlure described in IEC 61439-1. \‘Q

7.11 [Verification of short-circuit wi&@and strength

See tHe relevant clauses of IEC 614@-1.

7.12 |Electromagnetic comﬁg\l\bility
See the relevant cIausee@\IEC 61439-1.

713 Verificatio&%‘hechanical operation
See the reIev&auses of IEC 61439-1 and IEC 61439-2.

D

8 R :«i;% verification

Specrzl service temperature requests by cu%z}ner can also be tested according

de by

shall

se the

o the

8.1 General

Routine verification is intended to detect faults in materials and workmanship.

It shall be

carried out on every new capacitor bank after its construction, or on each transport unit (see

IEC 61439-1). Another routine verification at the place of installation is not required.

These tests may be carried out in any order, providing that test 8.4 is done first.

8.2 Degree of protection of enclosures

See the relevant clauses of IEC 61439-1.
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8.3

Clearances and creepage distances

See the relevant clauses of IEC 61439-1.

8.4

Protection against electric shock and integrity of protective circuits

See the relevant clauses of IEC 61439-1.

8.5

Incorporation of built-in components

See the relevant clauses of IEC 61439-1.

8.6

See tH

8.7

See tH

8.8

See tH

8.9

For th

those

shall |
they 3
discor]

de

cu
su
flo

For el

For s

agreement té

'ge suppression devices) in which\the application of the test voltage would cau
W of a current, \O

e disconnected. Such a \j‘;tus shall be disconnected at one of their terminals
re not designed to wit nd the full test voltage, in which case all terminals nf

nected. @ .

ectromechanicq&)switched capacitor banks, see the relevant clauses of IEC 6143

-

blid sta&%‘witched capacitor banks, choice of testing method should be ma
en purchaser and manufacturer.

The a
also appiicabte:

Internal electrical circuits and connections é
e relevant clauses of IEC 61439-1. Q‘
X

Terminals for external conductors (19

N -
e relevant clauses of IEC 61439-1. 051/

(b'\
Mechanical operation C)
e relevant clauses of IEC 61439-1 and IEC 61439-2. s\\<</
(( ®)

Dielectric properties Q
is test, all the electrical equipment of the acitor bank shall be connected, ¢xcept
tems of apparatus which, according to the‘televant specifications, are
signed for a lower test voltage; \,\Q
'rent-consuming apparatus (e.g. . citors, windings, measuring instruments, vpltage

e the

inless
ay be

D-1.

de by

t@ete method proposed in the IEC 61439-1 (Verification of insulation resistar]

ce) is

8.10 Wiring, operational performance and function, including verification of rated

output

See the relevant clauses of IEC 61439-1.

The verification of the rated output is performed to ascertain the rated reactive power output
of capacitor bank at rated voltage and frequency. The test can be performed by two methods.

a)

b)

Measurement of net capacitance impedance (considering the series inductance if any) and
computed output extrapolated to rated voltage and frequency

Measurement of current by application of voltage and extrapolate to rated voltage and
frequency
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The computed / measured output shall be within the tolerances specified in the IEC 60831-1

or IEC 60931-1.

NOTE The performance of the routine tests at the manufacturer’s plant does not relieve the firm installing the

capacitor bank from the duty of checking it after transport and installation.
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Annex A
(normative)

Minimum and maximum cross-sections of copper
conductors suitable for connections

See the relevant annex of IEC-60439-1 61439-1.

While selecting the size of copper conductors, the maximum permissible current and its
harmonic spectrum shall be considered.
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Annex B
(informative)

Formulae for capacitors and installations

Computation of the output of three-phase capacitors from three single-
phase capacitance measurements

The capacitance measured between any two-line terminals of a three-phase capacitor, either
delta or star connection, is denoted as C,, C,, and C.. If the symmetry requirements laid down
in IEC 60831-1 and IEC 60931-1 are fulfilled, the output O of the capacitor can be conjputed

with s

where

Cy, Cfand C; are expressed in microfarads (uF);

Un
0

B.2

A cap
which

where

B.3

ifficient accuracy from the formula:

0=2/3(Cya+Cy+C.) o U2 10712

is expressed in volts (V);
is expressed in megavars (Mvar).

Resonance frequency

beitor will be in resonance with a harmonic in .a€cordance with the following equation in
n is an integer:

s the short-circuit power (MVA)'where the capacitor is to be installed;
s expressed in megavars:(Mvar);

s the harmonic number:“that is, the ratio between the resonant harmonic (Hz) apd the
hetwork frequency.(kiz).

Voltage rise

Conngction _0f-a shunt capacitor will cause the steady-state voltage to rise, given by the

following,€xpression:

where

%]

AU/U ~ O/S

is the voltage rise in volts (V);
is the voltage before connection of the capacitor (V);
is the short-circuit power (MVA) where the capacitor is to be installed;

is expressed in megavars (Mvar).
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B.4 Inrush transient current

B.4.1 Switching in of a single capacitor

iS ~ Iy 1/2S/Q

where

fs is the peak of inrush capacitor current in amperes (A);

Iy is the rated capacitor current (r.m.s.) in amperes (A);

S s the short-circuit power (MVA) where the capacitor is to be installed;

0 s expressed in megavars (Mvar).

B.4.2 Switching of capacitors in parallel with energized capacitor(s)

Is =U~2/\[xcx,
fs = NV Xc /XL

Ig s the peak of inrush capacitor current in amperes (A),

U s the phase-to-earth voltage in volts (V);

Xc s the series-connected capacitive reactance per phase in ohms (Q);
XL s the inductive reactance per phase between the banks in ohms (Q);
fs s the frequency of the inrush current in\hertz (Hz);

N s the rated frequency in hertz (Hz)

B.4.3 Discharge resistance in-single-phase units or in one-phase or polyphase units

R< [k Cln(Uy v2/UR )]

where

t s the time fordischarge from Uy V2 to Ug in seconds (s);
R s the discharge resistance in megohms (MQ);

C s the rated capacitance per phase in microfarads (uF);

Uy [|s\itbe rated voltage of unit in volts (V);
Ur s the permissible residual voltage in volts (V) (see IEC 60831-1 for limits of r and Ug);

k is the coefficient depending on the method of connection of the resistors to the
capacitor units (see IEC 60831-1 and IEC 60931-1).
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Annex C
(informative)

Definition of similar designs for capacitor bank

Capacitor banks can be considered as similar providing that the mechanical construction and
electrical design are similar. For instance, rated power, materials used, clearances, power
losses level and distribution, cabinet size, cooling methods should not change from one
design to the other.

Banks—~with—similarconstruction-but lower glectrical - and-thermal stresses—areautomes

qualified by verification of the design of the higher stressed design. Q

"%
Desigh parameters that can impact the stresses could include the followirqge‘ms

exhauptive list):

- IP
- Bu
— Ty
— Ty
- Cq
— Ing
- Cq

etc.

degree N
s bar and cable current density ,\Q)
pe of switching device ©
be of reactor (if any) \(</C)
oling system o
oming switching device QQ
mponents position Q

A\

QO

tically

(non-
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Annex D
(informative)

Methods for connecting additional capacitors
for performing temperature rise test

Increasing the capacitance value should be done in a way that all the extra losses it is
creating affects the internal temperature rise of the capacitor bank.

Some of the possible manner for connection of this additional capacitance is as illustrated in

Figur

Confiduration (a):

Confiduration (b):

Confiduration (c):

Configuration (a)

Not allowed

Additional capacitor(s)
enclosure — Allowed.

(| il 4l hdl Il & H )
U. T, PTUVIUITTY gl T 1dyuUut TTliialits e osdllic.

Configuration (b)

Not allowed

Additional capacitor

Enclosure

in parallel

Additional capacitor(s) outside the enclosure — Not allowed,

Complete additional step(s) in parallel with the rated ones’inside
enclosure — Not allowed.

with the

Figure D.1 — Configurations for temperature rise test

rated .YOnes

inside the

Configuration (c)
Allowed
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER CAPACITORS -
LOW-VOLTAGE POWER FACTOR CORRECTION BANKS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

2)

3)

4)

5)

6)

7)

8)

9)

all

inte
this
Tec

hational electrotechnical committees (IEC National Committees). The object of IEC is toy {
national co-operation on all questions concerning standardization in the electrical and electronic-fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred, to 4

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inf
in the subject dealt with may participate in this preparatory work. International, governmental ar

gov

brnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

with| the International Organization for Standardization (ISO) in accordance with ¢onditions determ
agrgement between the two organizations.

The
con
inte

IEC

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter
Eensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Conpmittees in that sense. While all reasonable efforts are made to-ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the ‘way in which they are used or

mis

nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
trangparently to the maximum extent possible in their national and regional publications. Any div

bet
the

IEC
ass
ser

een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
bssment services and, in some areas, acces$ to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

All gsers should ensure that they have the latest edition of this publication.

No

iability shall attach to IEC or its directors, employees, servants or agents including individual expe

members of its technical committees-and IEC National Committees for any personal injury, property dar
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp

bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot}

Pubjications.

Attention is drawn to the-Normative references cited in this publication. Use of the referenced publicd

indi

Epensable for the corcect application of this publication.

Attention is drawn te the possibility that some of the elements of this IEC Publication may be the su
patgnt rights. IEG, shall not be held responsible for identifying any or all such patent rights.

Intern
capac

btional ‘Standard IEC 61921 has been prepared by IEC technical committee 33:
torsand their applications.

romote
Ids. To
Cations,
s “IEC
erested
d non-
closely
ned by

ational
rom all

Publications have the form of recommendations for international tse”and are accepted by IEC National

of IEC
for any

cations
brgence
ated in

formity

for any

rts and
hage or
ps) and
er IEC

tions is

bject of

Power

This second edition cancels and replaces the iirst edition published in Z003. It constit
technical revision.

utes a

This edition includes the following significant technical changes with respect to the previous
edition:

nu

merous changes regarding verification methods to align with IEC 61439-1;

modification of marking;

ad
ne
up
ge

d routine verification of rated output;
w Annex D with guidance on methods for temperature rise verification;
date of normative references;

neral editorial review.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
33/607/FDIS 33/611/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC website under "http://webstore.iec.ch" in the data relgted to
the specific document. At this date, the document will be

e reg¢onfirmed,
. wilhdrawn,
e replaced by a revised edition, or

e amended.
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POWER CAPACITORS -
LOW-VOLTAGE POWER FACTOR CORRECTION BANKS

1 Scope

This International Standard is applicable to low-voltage AC shunt capacitor banks intended to
be used for power factor correction purposes, possibly equipped with a built-in switchgear and

contr

Igear apparatus capable of connecting to or disconnecting from the mains part(s)

of the

bank

Low-v
applic

2 N

The fq
conter
cited 4
any ar

IEC 6
rules

IEC 6
switch

vith the aim to correct its power factor.

bltage power factor correction banks if not otherwise indicated hereinafter*and
Able comply with the requirements of IEC 61439-1 and IEC 61439-2.

brmative references

llowing documents are referred to in the text in such a way’that some or all o

pplies. For undated references, the latest edition of the referenced document (inc
hendments) applies.

439-1:2011, Low-voltage switchgear and cohfrolgear assemblies — Part 1. G

439-2:2011, Low-voltage switchgearyand controlgear assemblies — Part 2:
gear and controlgear assemblies

IEC 60831-1:2014, Shunt power capacitors of the self-healing type for AC systems ha

rated
— Safg

IEC 6
having
and rg

IEC 6
shunt

oltage up to and including 1°000 V — Part 1: General — Performance, testing and
ty requirements — Guide forinstallation and operation

931-1:1996, Shunt_power capacitors of the non-self-healing type for AC s}

ting — Safety requirements — Guide for installation and operation

642:1997,)Industrial AC networks affected by harmonics — Application of filte
capacitors

where

f their

t constitutes requirements of this document. For dated ‘réferences, only the eédition

luding

eneral

Power

ving a
rating

stems

a rated voltage upsto and including 1000 V — Part 1: General — Performance, lesting

s and

3 Tfrms and definitions

For the purposes of this document, the terms and definitions given in IEC 61439-1,
IEC 61439-2, IEC 60831-1 and IEC 60931-1 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

Low-voltage AC capacitor bank or power factor correction bank
Combination of one or more low-voltage capacitor units together with associated switching
devices and control, measuring, signalling, protective, regulating equipment, etc., completely
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assembled under the responsibility of the assembly manufacturer with all the internal
electrical and mechanical interconnections and structural parts

Note 1 to entry: The capacitor bank can be fixed, manually switched or automatically controlled through the use of
a power factor controller.

Note 2 to entry: The components of switchgear and controlgear of the automatic bank may be electromechanical
or electronic.

3.2
step of capacitor bank
combination of one or more capacitor units switched together through a single switch with

possilﬁummmwm_awwwmear
apparatus

3.3
automatic reactive power controller
devicqg designed to calculate the reactive power absorbed by the load connected to the power
line and to control the switching on and off of the steps of the automatic ‘bank, in order to
compegnsate for the reactive power

Note 1 jo entry: The reactive power is normally calculated at the fundamental frequency.
Note 2 jo entry: The controller may be “built-in” or “free-standing”.

Note 3 ffo entry: The controller generally performs functions of measurement / monitoring of power, contro|ling (of
capacitpr steps) and protection (of capacitor bank).

3.4
transient inrush current I;
transi¢nt overcurrent of high amplitude and frequency that may occur when a capaditor is
switchled on, the amplitude and frequency *being determined by factors such as the |short-
circuit/impedance of the supply, the amountiof energized capacitance switched in parallel and
the ingtant of the switching

3.5
rated freactive power Qy (of a:capacitor bank)
total reactive power of a capacitor bank at the rated frequency and voltage, calculated py the
total ilnpedance of the bank’including reactors, if any

3.6
maximum permissible current
value |of current)declared by the manufacturer which can be present continuously jin the
capac|tor bank, ‘used for installation and protection settings

4 MarKing of a capacitor bank

The following minimum information shall be given by the manufacturer on a rating plate to be
fixed on the capacitor bank.

1) Manufacturer’s name or trademark.

2) Identification number or type designation.

3) Date of manufacture, in clear or code form.

4) Rated reactive power, Qy in kilovars (kvar).

5) Rated voltage, Uy in volts (V).

6) Rated frequency, fy in hertz (Hz).

7) Reference to the IEC 61921 standard and its year of publication.
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The following information must also be given by the manufacturer, on the rating plate or on
instruction sheet.

8) Rating of steps, in kvar.

9) Value of series reactor if any (or reactance ratio in % or tuning frequency).

10
11
12
13
14

Minimum and maximum ambient temperatures in degrees Celsius (°C).
Degree of protection of enclosure.

Location type: indoor or outdoor.

Rated short time withstand current (/).

atad conditional short-circeuit currant (1
ot a—-CoHaHtroOHa TS Ot Guit-Gute

)
)
)
)
)
15)
16)
17)

5 S

See rq

6 G

6.1

Unlike
at full
variati

Overs
condit|

It shg
unsati
machi
contro

Becau
to co

Maximum permissible current.
Rated insulation voltage(U;).
Rated impulse withstand voltage (Uimp).

brvice conditions

levant clauses of IEC 61439-1 and IEC 61439-2.

uide for design, installation, operation and safety

General

most electrical apparatus, shunt capacitors,\Whenever energized, operate contin

ons.

ressing and overheating shorten\the life of a capacitor, and therefore the opg
ons (that is temperature, voltage and current) should be strictly controlled.

uld be noted that the<ihtroduction of a capacitance in a system might prn
sfactory operating conditions (for example amplification of harmonics, self-excita
hes, overvoltage due to switching, unsatisfactory working of audio-frequency reg
| apparatus, etc.)

se of the different types of capacitors and the many factors involved, it is not pd
er, by simple rules, installation and operation in all possible cases. The fol

informlation is(given with regard to the more important points to be considered. In additig

instru

tions‘6f'the manufacturer and the power supply authorities shall be followed.

6.2
6.2.1

lously

load, or at loads that deviate from this value only as a result of voltage and frequency

rating

oduce
ion of
mote-

ssible
owing
n, the

‘Design

Choice of rated voltage

The rated voltage of the capacitor bank shall be at least equal to the service voltage of the
network to which the capacitor is to be connected, account being taken of the influence of the
presence of the capacitor itself. The service voltage is the actual voltage level experienced by
the capacitor bank even if it does not respect the normal tolerances on the rated voltage.

In certain networks, a considerable difference may exist between the service and rated
voltage of the network, details of which should be furnished by the purchaser, so that due
allowance can be made by the manufacturer. This is of importance for capacitor banks, since
their performance and life may be adversely affected by an undue increase of the voltage
across the capacitor dielectric.


https://iecnorm.com/api/?name=405ae2667d5111ba56ab47060b2696b6

IEC 61921:2017 © |IEC 2017 -9-

If no information to the contrary is agreed between the manufacturer and the customer, the
service voltage shall be assumed as equal to the rated voltage of the network with applicable
tolerances.

Where circuit elements are inserted in series with the capacitor to reduce the effects of
harmonics, etc., the resultant increase in voltage at the capacitor terminals over and above
the service voltage of the network necessitates a corresponding increase in the rated voltage
of the capacitor.

When determining the voltage to be expected on the capacitor terminals, the following
considerations shall be taken into account:

a) SHunt-connected capacitors may cause a voltage rise from the source to the point where
they are located (see Annex B); this voltage rise may be greater due to the_presence of
harmonics. Capacitors are therefore liable to operate at a higher voltagée thap that
measured before connecting the capacitors.

b) The voltage on the capacitor terminals may be particularly high at times of light load
conditions (see Annex B); in such cases, some or all of the capaciters'should be swjitched
out of circuit in order to prevent overstressing of the capacitors” and undue vpltage
ingrease in the network.

Only in case of emergency should capacitors be operated atUmaximum permissible vpltage
and maximum ambient temperature simultaneously, and then“only for short periods of time.
Exception will be during temperature rise test of the design \cerification.

NOTE An excessive safety margin in the choice of the rated{yoltage of the capacitor units has to be gvoided,
becaus¢ this would result in a decrease of reactive power output when compared with the rated reactivg power
output.

NOTE 4 See IEC 60831-1 concerning maximum permissible voltage.
6.2.2 Switching and overload protection

Capagqitor overload capacities are giyen in IEC 60831-1 and in IEC 60931-1. These lim|ts are
howe\er larger than the ones applicable for the banks. The switching and protective dgvices
and the connections shall be designed to carry continuously a current of at least 1,3 timpes the
current that would be obtained;,with a sinusoidal voltage of an r.m.s. value equal to thg rated
voltage at the rated frequency.

The gwitching and (protective devices and the connections shall also be capable of
withstanding the electrodynamic and thermal stresses caused by the transient overcdrrents
of high amplitude)and frequency that may occur when switching on.

Such fransients are to be expected when a bank or a step is switched in parallel with pthers
that arecalready energized. Care should be taken not to exceed the maximum permissible
switching“current of capacitors and switching devices

Some of the techniques used to reduce the switching transient include use of series reactors,
use of capacitor duty contactors with pre-charging resistors or solid state switches. When
consideration of electrodynamic and thermal stresses runs the risk of leading to excessive
dimensions, special precautions, such as those mentioned in IEC 60831-1 for the purpose of
protection against overcurrents, should be taken.

In certain cases, for example when the banks are automatically controlled, repeated switching
operations may occur at relatively short intervals of time. Switching and protection devices
should be selected to withstand these conditions.

It is recommended that capacitors be protected against overcurrent by means of suitable
overcurrent devices when the current exceeds the permissible limit specified in IEC 60831-1
and IEC 60931-1. Fuses do not generally provide suitable overcurrent protection.
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Any bad contacts in capacitor circuits may give rise to arcing, causing high-frequency
oscillations that may overheat and overstress the capacitors. Regular inspection of all
capacitor equipment contacts is therefore recommended.

6.3 Installation and operation
6.3.1 Electrical environment
6.3.1.1 Harmonics

The connection of a capacitor bank onto a system containing harmonics may reduce its life
time. The damaging effects of harmonics can be mitigated by the use of a suitable detuning
reactor in series with each capacitor step.

If ironjcore reactors are used, attention should be paid to possible saturation and“Qverhgating
of the[core by harmonics.

More @letailed information can be found in IEC 61642.

6.3.1.2 Switching overvoltages

Switching overvoltages internally generated due to the operation“of the capacitor bank $hould
be avpided or minimized. Such switching overvoltages ifcany shall not exceed the|limits
prescilibed in the IEC 60831-1 or IEC 60931-1. If switchin@) components are selected|which
are specifically recommended for capacitor applications, the problem should not |arise.
Nevertheless, equipment does deteriorate with time~and worn contacts should be replaced
during| regular maintenance checks.

6.3.2 Secondary effects of the capacitor bank
6.3.2. Harmonic distortion

A cappcitor bank when connected onto a system where harmonics are being generated will
generally increase the amplitude ofithe harmonics, unless a well suited detuning reagtor is
placed in series with each capacitor step.

The imcrease in harmonics will not only affect the life of the capacitors but could |cause
problems with other eleciric and electronic equipment in the system.

6.3.2. Attenuation of injected ripple control signal

Ripplg control signals are provided by electricity authorities for the control and switcHing of
off-pegk logds:(e.g. hot water heaters, street lighting, etc).

A cap
prevented by increasing the impedance at the frequency of that signal by connecting rejection
or blocking circuits in series to the capacitors units.

6.3.3 Overvoltages

IEC 60831-1 and IEC 60931-1 specify overvoltage factors.
With the manufacturer’s agreement, the overvoltage factor may be increased.

6.3.4 Overload currents

Before ordering a capacitor bank, consideration should be given to checking the conditions in
the system at the place of installation (for instance, presence of harmonic distortion, or use of
ripple control frequencies).
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Capacitors should never be operated with currents exceeding the maximum value specified in
IEC 60831-1 or IEC 60931-1.

6.4 Safety
6.4.1 Discharging devices
6.4.1.1 General

Each capacitor bank or step shall be provided with means for discharging the capacitors (as
for IEC 60831-1 or IEC 60931-1) after disconnection from the network.

The dpecified discharging times may be met by applying either internal (incorpgrated)
dischgrge resistors on each capacitor or external discharge devices rated for.\the [entire
capacltor equipment.

Beforg touching any live parts, allow at least 5 min for the bank to self-disecharge and then
short-gircuit each capacitor terminal together and ground.

6.4.1.2 Internal resistors

Interngl resistors are generally built into the individual capacitors. They are designed to
ensur¢ the discharge of each capacitor and therefore the wholé& bank. In a bank with several
sectiops of capacitors in series, the residual voltage on the(bank terminal is equal to thp sum
of the|residual voltage in each section.

6.4.1.3 External discharge devices

Exterrlal discharge devices may be used. Each device should be adapted to the conglitions
existirlg at the site of erection of the equipment and have suitable clearance, creepagg path
and insulation level. If the capacitors havé no internal discharge resistors, there shall|be no
switching device between the capacitor.and the discharge device.

Discharge reactors may be used,. connected directly in parallel with the capacitor [steps.
Usually, two reactors are connected line-to-line across two phases because of ecgnomic
reasoms. Under operating conditions, only the magnetizing current flows in the reactor.(When
the cqpacitor equipment is_switched off, all the energy stored circulates through the cqil in a
few sg@conds. Most of therenergy is dissipated in the reactor. The number of discharges per
unit off time should be restricted so that no overheating of the discharge reactor occurs.

Windings of transformers or motors may be considered as suitable impedances as well ps the
primary of voltage transformers.

6.4.2 Discharging after disconnection

A disconnected capacitor installation should completely self-discharge no matter where the
discharge device is located, be it directly at each capacitor or at the connecting terminals of
the equipment.

However, a capacitor installation comprising series connections and star connections, which
have undergone puncturing or internal or external arcing, may not be discharged completely
through discharge devices connected to the terminals of the capacitor installation. Although
there is no voltage measurable at the equipment terminals, dangerous amounts of stored
energy may exist in the bank. These so-called “trapped charges” may persist over a period of
several months and can only be discharged by individual discharging of each section of the
bank.

It is important to note that a discharging device is not a substitute for short-circuiting the
capacitor terminals together and to ground before and during handling.
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Fire hazard in case of failure

Capacitors contain flammable materials, i.e. dielectric film and/or paper, oil, etc. The bank
should be arranged with consideration of a possible fire hazard in case of a failure of a
component. The two areas to be considered are as follows:

a) Adjacent areas to the capacitors. Normally capacitors are manufactured in metal cans or
are installed in a segregated metal section or separated from other components by metal
barriers. Power and control cables in these areas should be kept to a minimum and
carefully cabled, so as to avoid direct contact to capacitor cases.

b) Adjacent areas around the reactors. Where reactors (chokes and filters) are installed,

power and control cables should be kept to a minimum around these components

le

6.4.4

Any mjaintenance operation shall be undertaken after isolation of the complete’ capacito
(or segtions) providing that the safety operations described by IEC 61439~1 are observe
minimpm discharge time as per 6.4.1.1 shall also be observed.

6.4.5

For ddtails, refer to IEC 61439-1.

6.4.6

The bps bar system in these capacitor banks shalkbe arranged so that cables or bus b

be co
used

suitable size to take the required rated current-and fault current of the system.

For ddgtails, refer to IEC 61439-1.

7 Design verification

7.1

Desig
stand

Desig
same

definifjon,o0f similarity of design).

dst supported away from the laminated steel cores of these components.

Human and property damage

Busbar

Connection of systems

nected and extended to the installation have sufficient area for take-off. If cabl
or this extension, they are usually of allarge cross-sectional area and shall b

General

n verification is~intended to verify compliance with the requirements laid down
ard for a given.type of capacitor bank.

n verification shall be carried out on a sample of a capacitor bank manufactured
,|or similar design, and under the responsibility of the manufacturer. (Refer Annej

or at

[ bank
. The

ars to
pS are
e of a

n this

to the
C for

The design verification may be carried out in any order and/or on different samples of the

same

7.2

type.

Strength of material and parts

See the relevant clauses of IEC 61439-1 and IEC 61439-2.

7.3

Verification of degree of protection of enclosures

See the relevant clauses of IEC 61439-1 and IEC 61439-2.

7.4

Verification of clearances and creepage distances

See the relevant clauses of IEC 61439-1.
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7.5

Protection against electric shock and integrity of protective circuits

See the relevant clauses of IEC 61439-1.

7.6

Incorporation of switching devices and components

See the relevant clauses of IEC 61439-1.

7.7

Internal electrical circuits and connections

See the relevant clauses of IEC 61439-1.

7.8

See tH

7.9

Terminals for external conductors

e relevant clauses of IEC 61439-1.

Verification of dielectric properties

For thiis test, all the electrical equipment of the capacitor bank shallybe connected, éxcept

those

- de

- cu
su
flo

shall |
they g
discor]

tems of apparatus which, according to the relevant specifications; are

signed for a lower test voltage;

rent-consuming apparatus (e.g. capacitors, windings§ measuring instruments, vpltage

'ge suppression devices) in which the application of\the test voltage would cau
v of a current,

e the

inless

e disconnected. Such apparatus shall be diseconnected at one of their terminals
re not designed to withstand the full test‘oltage, in which case all terminals may be
nected.

For electromechanically switched capacijtor' banks, see the relevant clauses of IEC 61439-1

and IH

For s

C 61439-2.

blid state switched capacitor banks, choice of testing method should be ma

agreement between purchaser'and manufacturer.

7.10
See th

— the
— the

In cas

Verification of temperature-rise limits
e relevant clauses of IEC 61439-1 with the following modifications:

test currént'shall be at least 1,2 times the rated current;
calculation method proposed in IEC 61439-1 is not allowed.

e<any system would limit the current to a lower value than 1,2, then the tes

de by

shall

correspend-to-such-limited-value-

One (or a combination) of the following methods can obtain the test current level: increase the
test voltage, increase the test frequency or increase the capacitor value (see Annex D).

Special service temperature requests by customer can also be tested according to the
procedure described in IEC 61439-1.

7.11

Verification of short-circuit withstand strength

See the relevant clauses of IEC 61439-1.

712

Electromagnetic compatibility

See the relevant clauses of IEC 61439-1.
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7.13 Verification of mechanical operation

See the relevant clauses of IEC 61439-1 and IEC 61439-2.

8 Routine verification

8.1 General

Routine verification is intended to detect faults in materials and workmanship. It shall be
carried out on every new capacitor bank after its construction, or on each transport unit (see
IEC 61439-1). Another routine verification at the place of installation is not required.

These|tests may be carried out in any order, providing that test 8.4 is done first.

8.2 [Degree of protection of enclosures

See tHe relevant clauses of IEC 61439-1.

8.3 |Clearances and creepage distances

See tHe relevant clauses of IEC 61439-1.

8.4 |Protection against electric shock and integrity of protective circuits

See tHe relevant clauses of IEC 61439-1.

8.5 |[Incorporation of built-in components

See tHe relevant clauses of IEC 61439-1.

8.6 Internal electrical circuits and-connections

See tHe relevant clauses of IEC 614439-1.

8.7 [Terminals for external-conductors

See the relevant clauses.of IEC 61439-1.

8.8 |Mechanical operation

See tHe relevant clauses of IEC 61439-1 and IEC 61439-2.

8.9 |Dielectric properties

For this test, all the electrical equipment of the capacitor bank shall be connected, except
those items of apparatus which, according to the relevant specifications, are

— designed for a lower test voltage;

— current-consuming apparatus (e.g. capacitors, windings, measuring instruments, voltage
surge suppression devices) in which the application of the test voltage would cause the
flow of a current,

shall be disconnected. Such apparatus shall be disconnected at one of their terminals unless
they are not designed to withstand the full test voltage, in which case all terminals may be
disconnected.

For electromechanically switched capacitor banks, see the relevant clauses of IEC 61439-1.
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For solid state switched capacitor banks, choice of testing method should be made by
agreement between purchaser and manufacturer.

The alternate method proposed in the IEC 61439-1 (Verification of insulation resistance) is
also applicable.

8.10 Wiring, operational performance and function, including verification of rated
output

See the relevant clauses of IEC 61439-1.

butput
hods.

y) and

b) Mgasurement of current by application of voltage and extrapolate to rated voltage and
frdquency

The cpmputed / measured output shall be within the tolerances specified in the IEC 6(Q831-1
or IEQ 60931-1.

NOTE |The performance of the routine tests at the manufacturer’s plant.does not relieve the firm installing the
capacitpr bank from the duty of checking it after transport and installation:
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Annex A
(normative)

Minimum and maximum cross-sections of copper
conductors suitable for connections

See the relevant annex of IEC 61439-1.

While selecting the size of copper conductors, the maximum permissible current and its
harmonic spectrum shall be considered.
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B.1

Annex B
(informative)

Formulae for capacitors and installations

Computation of the output of three-phase capacitors from three single-

phase capacitance measurements

The capacitance measured between any two-line terminals of a three-phase capacitor, either
delta or star connection, is denoted as C,, C,, and C.. If the symmetry requirements laid down

in IEG

with s

where

ifficient accuracy from the formula:

0=2/3(Cya+Cy+C.) o U2 10712

Cy, Cfand C; are expressed in microfarads (uF);

Un
0

B.2

A cap
which

where

B.3

is expressed in volts (V);
is expressed in megavars (Mvar).

Resonance frequency

heitor will be in resonance with a harmonic in a€cordance with the following equa
n is an integer:

n=ys/o

s the short-circuit power (MVA)-where the capacitor is to be installed;
s expressed in megavars{(Mvar);

s the harmonic number:“that is, the ratio between the resonant harmonic (Hz) a
hetwork frequency (Kiz).

Voltage rise

Conngction _of-a shunt capacitor will cause the steady-state voltage to rise, given

follow

where
AU

%}

{ng expression:

60831-1 and IEC 60931-1 are fulfilled, the output O of the capacitor can be computed

tion in

nd the

py the

AU/U~ OS

is the voltage rise in volts (V);

is the voltage before connection of the capacitor (V);

is the short-circuit power (MVA) where the capacitor is to be installed;
is expressed in megavars (Mvar).
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B.4 Inrush transient current

B.4.1 Switching in of a single capacitor

Ig ~ Iy 25/Q

where

fs is the peak of inrush capacitor current in amperes (A);

Iy is the rated capacitor current (r.m.s.) in amperes (A);

S is the short-circuit power (MVA) where the capacitor is to be installed;

(0] s expressed in megavars (Mvar).

B.4.2 Switching of capacitors in parallel with energized capacitor(s)

Is =UN2/\[xc XL
fs = Ny Xc /XL

Ig s the peak of inrush capacitor current in amperes (A);

U s the phase-to-earth voltage in volts (V);

Xc s the series-connected capacitive reactance per phase in ohms (Q);
X s the inductive reactance per phase between the banks in ohms (Q);
fs s the frequency of the inrush current inthertz (Hz);

IN s the rated frequency in hertz (Hz),

B.4.3 Discharge resistance in_single-phase units or in one-phase or polyphase units

R<t![kCln (Uy v2/UR )]

where

t s the time fordischarge from Uy V2 to Ug in seconds (s);
R s the discharge resistance in megohms (MQ);

C s therated capacitance per phase in microfarads (uF);

Uy |sdheTated voltage of unit in volts (V);

Ug IS the permissible residual voltage in volts (V) (se€ IEC 6UB3T-T for imits of 7 and UR);

k is the coefficient depending on the method of connection of the resistors to the
capacitor units (see IEC 60831-1 and IEC 60931-1).
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Annex C
(informative)

Definition of similar designs for capacitor bank

Capacitor banks can be considered as similar providing that the mechanical construction and
electrical design are similar. For instance, rated power, materials used, clearances, power
losses level and distribution, cabinet size, cooling methods should not change from one
design to the other.

Banks—with—similar—constructionbut lower electrical-and-thermal-stresses—are Qllfr\m"tica”y

qualified by verification of the design of the higher stressed design.

Design parameters that can impact the stresses could include the following items| (non-
exhauptive list):

— |IP|degree

— Bus bar and cable current density
— Type of switching device

— Type of reactor (if any)

— Cdoling system

— Ingoming switching device

— Cdgmponents position

etc.
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Methods for connecting additional capacitors
for performing temperature rise test

Increasing the capacitance value should be done in a way that all the extra losses it is
creating affects the internal temperature rise of the capacitor bank.

Some of the possible manner for connection of this additional capacitance is as illustrated in

Figur B pluvidillg that-the iqyuut remains-the—same:
Configuration (a): Additional capacitor(s) outside the enclosure — Not allowed.,
Configuration (b): Complete additional step(s) in parallel with the rated ones’inside | the
enclosure — Not allowed.
Confiduration (c): Additional capacitor(s) in parallel with the rated.ones inside the
enclosure — Allowed.
| e r———-- e rls,=— - - T
| L L |
| I ' I
1 1 1 |
I | I
I I I
I | I
I I I
I | I
I I I
I | I
I I I |
| L I D
L) T S T _______C .
IEC IEC IEC

Configuration (a) Configuration (b)

Not allowed Not allowed

Additional capacitor

Enclosure

Figure D.1 — Configurations for temperature rise test

Configuration (c)
Allowed
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS DE PUISSANCE -
BATTERIES DE COMPENSATION DU FACTEUR
DE PUISSANCE BASSE TENSION
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Commission Electrotechnique Internationale (IEC) est une organisation mondiale de norma
posée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC))NEC
t de favoriser la coopération internationale pour toutes les questions de normalisation danst\les dg
I'électricité et de ['électronique. A cet effet, 'I[EC - entre autres activités — publie des
nationales, des Spécifications techniques, des Rapports techniques, des Spécificatiens accessi
ic (PAS) et des Guides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confié
ités d'études, aux travaux desquels tout Comité national intéressé par le sujet traiteé peut particig
nisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, pa
ement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisatio
n des conditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'l[EC concernant les questions techniques représentent, dans la
ossible, un accord international sur les sujets étudiés, étant donné/que les Comités nationaux (
essés sont représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
me telles par les Comités nationaux de I'lEC. Tous les effotts raisonnables sont entrepris afin qy

bntuelle mauvaise utilisation ou interprétation qui en est.faite par un quelconque utilisateur final.
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megure possible, a appliquer de fagon transparente les,Publications de I'lEC dans leurs publications na
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régipnales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.
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elle-méme ne fournit aucune attestatiorr,de conformité. Des organismes de certification indép
issent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mardg

les utilisateurs doivent s'assuréryqu'ils sont en possession de la derniére édition de cette publicatig

lne responsabilité ne doit_é&tre imputée a I'IEC, a ses administrateurs, employés, auxilia
dataires, y compris ses éexperts particuliers et les membres de ses comités d'études et des
bnaux de I'lEC, pour teut préjudice causé en cas de dommages corporels et matériels, ou de to
mage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris |
ustice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lE(
b autre Publication,de I'l[EC, ou au crédit qui lui est accordé.

ention est dttirée sur les références normatives citées dans cette publication. L'utilisation de publ
Fencées est\obligatoire pour une application correcte de la présente publication.

ention ‘est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvd
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et de.droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

La Norme internationale IEC 61921 a été établie par le comité d'études 33 de I'lEC:
Condensateurs de puissance et leurs applications.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2003. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

nombreuses modifications concernant l'alignement des méthodes de vérification sur
I''EC 61439-1;

modification de marquage;

ajout d'une vérification individuelle systématique de la puissance assignée;
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e nouvelle Annexe D avec préconisations portant sur les méthodes de vérification de
I'échauffement;

e actualisation des références normatives;

e révision rédactionnelle générale.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
33/607/FDIS 33/611/RVD
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port de vote indiqué dans le tableau ci-dessus donne toute information sur le vote
a l'approbation de cette norme.

cument a été rédigé selon les Directives ISO/IEC, Partie 2.

€ indiquée sur le site web de I'lEC sous "http://webstore.iec-ch" dans les do
es au document recherché. A cette date, le document sera

onduit,

bprimeé,

e remplacé par une édition révisée, ou

e anj

endé.

ayant

mité a décidé que le contenu de ce document ne sera pas madifié avant la date de

nnées
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CONDENSATEURS DE PUISSANCE -
BATTERIES DE COMPENSATION DU FACTEUR
DE PUISSANCE BASSE TENSION

omaine d'application

La présente Norme internationale s’applique aux batteries de condensateurs shunt a basse

tensiop

an courant altarnatif dactindac A Atra vtilicAnc nanir 1o camnancatine A Fnr-i-nur de
eH—couraHt—arte ot e St e e S—a—etre—utmS e e S—pOut—a— 6o p eSO —EGu—Ta6ty

puissgnce, ces batteries comportant éventuellement des appareillages de connexion

comm
I'ense

Sauf

compegnsation du facteur de puissance basse tension satisfont,"aux exigencg

Mble afin de compenser le facteur de puissance du réseau.

ndication contraire dans la présente norme et le cas échéant!|les batteri

I''EC §1439-1 et de I''EC 61439-2.

2 R

Les d

bférences normatives

bcuments suivants cités dans le texte constituent, pour tout ou partie de leur co

des ¢gxigences du présent document. Pour les références datées, seule I'édition

s’appl
s'appl

IEC 6

IEC 6

que. Pour les références non datées, la derniére édition du document de réfg
que (y compris les éventuels amendements).

439-1:2011, Ensembles d’appareillagede’basse tension — Partie 1: Regles génér

439-2:2011, Ensembles d'appareillage a basse tension — Partie 2: Ense

d'appareillage de puissance

IEC 6
coura
Carac
d'instg

IEC 6
coura
Carac
d'instg

IEC 6

831-1:2014, Condensateurs shunt de puissance autoregénérateurs pour rése

téristiques fonctionnelles, essais et valeurs assignées — Reégles de sécurité —
llation et d'exploitation

931-1:1996,«Condensateurs shunt de puissance non autorégénérateurs pour résg

téristiques fonctionnelles, essais et valeurs assignées — Reégles de sécurité —
llation-et d'exploitation

hnde intégrés capables de mettre sous tension ou hors tension une ou des fractid

et de
ns de

Bs de
s de

htenu,
citée
rence

ales

mbles

aux a

t alternatif de tension assignée inférieure ou égale a 1 000 V — Partie 1: Générdlités —

Guide

baux a

t alternatifyde tension assignée inférieure ou égale a 1000 V — Partie 1: Généraités —

Guide

642:1997, Réseaux industriels a courant alternatif affectés par les harmoniq

ues —

Emploi de filtres et de condensateurs shunt

3 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'lEC 61439-1, de
I'EC 61439-2, de I'lEC 60831-1 et de I'|EC 60931-1 ainsi que les suivants, s'appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp


http://www.iso.org/obp
https://iecnorm.com/api/?name=405ae2667d5111ba56ab47060b2696b6

IEC 61921:2017 © |IEC 2017 - 27 -

3.1

batterie de condensateurs basse tension en courant alternatif ou batterie de
compensation du facteur de puissance basse tension

combinaison d’un ou de plusieurs condensateurs unitaires a basse tension avec les appareils
de connexion associés et les matériels de commande, de mesure, de signalisation, de
protection, de régulation, etc., entiérement assemblés sous la responsabilité du fabricant
d'ensembles avec toutes leurs liaisons internes mécaniques et électriques et leurs éléments
de construction

Note 1 a l'article: La batterie de condensateurs peut étre fixée, connectée manuellement ou commandée
automatiquement par un régulateur du facteur de puissance.

Note 2 grtarticte—tes Tomposants des apparcitages de CoMmMeEXom et de commmande deta batterieautomatique

peuvent étre électromécaniques ou électroniques.

3.2
gradin de condensateurs
combihaison d’un ou de plusieurs condensateurs unitaires manceuvrés_ensemble pgar un
interrypteur unique avec éventuellement des bobines d'inductance anti-harnfoniques, des fils
de conpnexion et des appareillages associés

3.3
régulateur varmétrique

dispogitif congu pour calculer la puissance réactive absorbee par la charge raccordée a
I'alimgntation de puissance et pour commander la connexion et la déconnexion des gradins
de la batterie automatique de fagon a compenser la puisSance réactive

Note 1 p I'article: La puissance réactive est normalement calculée a la fréquence fondamentale.
Note 2 p I'article: Le régulateur peut étre "incorporé" ou "séparé".

Note 3 fa I'article: Le régulateur exécute généralement des fonctions de mesure / contrdle de la puissahce, de
commapde (des gradins de condensateurs) et de praotection (de la batterie de condensateurs).

3.4
courant d'appel transitoire I,
surinte¢nsité transitoire d’amplitude et de fréquence élevées qui peut apparaitre lorgqu’un
condepsateur est mis sous tension, I'amplitude et la fréquence étant déterminées par des
facteufs tels que lI'impédance de court-circuit du réseau, I'importance de la capacjté en
parall¢le déja sous tension et I'instant de connexion

3.5
puissance réactive assignée Qy (d'une batterie de condensateurs)
puissgnce réactive totale d’une batterie de condensateurs a la fréquence et a la ténsion
assigr|ées, calculée a partir de I'impédance totale de la batterie en incluant les inducfances
eventyelles

3.6

courant maximal admissible

valeur de courant déclarée par le fabricant que la batterie de condensateurs peut supporter
en permanence et utilisée pour les paramétres d'installation et de protection

4 Marquage d'une batterie de condensateurs

Les informations minimales suivantes doivent étre indiquées par le fabricant sur une plaque
signalétique a fixer sur la batterie de condensateurs:

1) Nom ou marque de fabrique du fabricant.

2) Numéro d’identification ou désignation du type.

3) Date de fabrication, en clair ou sous forme de code.
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4) Puissance réactive assignée, Oy en kilovars (kvar).

5) Tension assignée, Uy en volts (V).

6) Fréquence assignée, fy en hertz (Hz).

7) Référence a la norme IEC 61921 et a son année de publication.

Les informations suivantes doivent étre également indiquées par le fabricant sur la plaque
signalétique ou dans la notice d'instruction.

8) Caractéristiques assignées des gradins, en kvar.

9) Valeur de la bobine d'inductance série lorsqu'elle existe (ou taux de réactance en % ou

fraoance-dlaccor

10) [Fempératures ambiantes minimale et maximale en degrés Celsius (°C).
11) Pegré de protection de I'enveloppe.

12) ['ype d'emplacement: intérieur ou extérieur.

13) [Pourant assigné de courte durée admissible (/).

14) Lourant assigné de court-circuit conditionnel (I..), le cas échéant:

15) [ourant maximal admissible.

16) [Fension assignée d'isolement (Ui).

17) [Fension assignée de tenue aux chocs (Uimp).

5 Copnditions d’emploi

Voir Ig¢s articles appropriés de I'lEC 61439-1 et de\'fEC 61439-2.

6 Guide de conception, d’installation, d’exploitation et de sécurité

6.1 Généralités

Contrairement a la plupart des.appareils électriques, les condensateurs shunt, lorsqu'ils sont
en sefvice, fonctionnent en permanence a pleine puissance ou a des puissances qyi n'en
differgnt que par suite de variations de la tension et de la fréquence.

Les cgntraintes et les-températures excessives abrégent la durée de vie d'un condensafeur et
il conyient par conséquent de contréler rigoureusement les conditions de fonctionnement
(c'estqa-dire la tempeérature, la tension et le courant).

Il conyient-de*noter que l'introduction d'une capacité dans un réseau peut en perturbjer les
conditjonside fonctionnement (par exemple, amplification des harmoniques, auto-excjtation
des machHines, surtension de connexion, fonctionnement défectueux des apparells de
télécommande a fréquence audio, etc.).

Les différents types de condensateurs et les nombreux facteurs impliqués ne permettent pas
de couvrir, par des régles simples, tous les cas possibles d'installation et d'exploitation. Les
informations suivantes portent sur les points les plus importants a prendre en considération.
En outre, les instructions du fabricant et des distributeurs d'électricité doivent étre suivies.

6.2 Conception
6.2.1 Choix de la tension assignée
La tension assignée de la batterie de condensateurs doit étre au moins égale a la tension de

service du réseau auquel le condensateur doit étre raccordé, compte tenu de l'influence de la
présence du condensateur lui-méme. La tension de service correspond au niveau de tension


https://iecnorm.com/api/?name=405ae2667d5111ba56ab47060b2696b6

	Redline version (English only)
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Marking of a capacitor bank
	5 Service conditions
	6 Guide for design, installation, operation and safety
	6.1 General
	6.2 Design
	6.2.1 Choice of rated voltage
	6.2.2 Switching and overload protection

	6.3 Installation and operation
	6.3.1 Electrical environment
	6.3.2 Secondary effects of the PFC system capacitor bank
	6.3.3 Overvoltages
	6.3.4 Overload currents

	6.4 Safety
	6.4.1 Discharging devices
	6.4.2 Discharging after disconnection
	6.4.3 Fire hazard in case of failure
	6.4.4 Human and property damage
	6.4.5 Busbar
	6.4.6 Connection of systems


	7 Design verification
	7.1 General
	7.2 Strength of material and parts
	7.3 Verification of degree of protection of enclosures
	7.4 Verification of clearances and creepage distances
	7.5 Protection against electric shock and integrity of protective circuits
	7.6 Incorporation of switching devices and components
	7.7 Internal electrical circuits and connections
	7.8 Terminals for external conductors
	7.9 Verification of dielectric properties
	7.10 Verification of temperature-rise limits
	7.11 Verification of short-circuit withstand strength
	7.12 Electromagnetic compatibility
	7.13 Verification of mechanical operation

	8 Routine verification
	8.1 General
	8.2 Degree of protection of enclosures
	8.3 Clearances and creepage distances
	8.4 Protection against electric shock and integrity of protective circuits
	8.5 Incorporation of built-in components
	8.6 Internal electrical circuits and connections
	8.7 Terminals for external conductors
	8.8 Mechanical operation
	8.9 Dielectric properties
	8.10 Wiring, operational performance and function, including verification of rated output 

	Annexes 
	Annex A (normative) Minimum and maximum cross-sections of copper conductors suitable for connections
	Annex B  (informative) Formulae for capacitors and installations
	B.1 Computation of the output of three-phase capacitors from three single-phase capacitance measurements
	B.2 Resonance frequency
	B.3 Voltage rise
	B.4 Inrush transient current
	B.4.1 Switching in of a single capacitor
	B.4.2 Switching of capacitors in parallel with energized capacitor(s)
	B.4.3 Discharge resistance in single-phase units or in one-phase or polyphase units


	Annex C (informative) Definition of similar designs for capacitor bank
	Annex D (informative) Methods for connecting additional capacitors for performing temperature rise test

	Bibliography
	Figure D.1 – Configurations for temperature rise test

	International standard (Bilingual)
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Marking of a capacitor bank
	5 Service conditions
	6 Guide for design, installation, operation and safety
	6.1 General
	6.2 Design
	6.2.1 Choice of rated voltage
	6.2.2 Switching and overload protection

	6.3 Installation and operation
	6.3.1 Electrical environment
	6.3.2 Secondary effects of the capacitor bank
	6.3.3 Overvoltages
	6.3.4 Overload currents

	6.4 Safety
	6.4.1 Discharging devices
	6.4.2 Discharging after disconnection
	6.4.3 Fire hazard in case of failure
	6.4.4 Human and property damage
	6.4.5 Busbar
	6.4.6 Connection of systems


	7 Design verification
	7.1 General
	7.2 Strength of material and parts
	7.3 Verification of degree of protection of enclosures
	7.4 Verification of clearances and creepage distances
	7.5 Protection against electric shock and integrity of protective circuits
	7.6 Incorporation of switching devices and components
	7.7 Internal electrical circuits and connections
	7.8 Terminals for external conductors
	7.9 Verification of dielectric properties
	7.10 Verification of temperature-rise limits
	7.11 Verification of short-circuit withstand strength
	7.12 Electromagnetic compatibility
	7.13 Verification of mechanical operation

	8 Routine verification
	8.1 General
	8.2 Degree of protection of enclosures
	8.3 Clearances and creepage distances
	8.4 Protection against electric shock and integrity of protective circuits
	8.5 Incorporation of built-in components
	8.6 Internal electrical circuits and connections
	8.7 Terminals for external conductors
	8.8 Mechanical operation
	8.9 Dielectric properties
	8.10 Wiring, operational performance and function, including verification of rated output

	Annexes 
	Annex A  (normative)  Minimum and maximum cross-sections of copper conductors suitable for connections
	Annex B  (informative)  Formulae for capacitors and installations
	B.1 Computation of the output of three-phase capacitors from three single-phase capacitance measurements
	B.2 Resonance frequency
	B.3 Voltage rise
	B.4 Inrush transient current
	B.4.1 Switching in of a single capacitor
	B.4.2 Switching of capacitors in parallel with energized capacitor(s)
	B.4.3 Discharge resistance in single-phase units or in one-phase or polyphase units


	Annex C  (informative)  Definition of similar designs for capacitor bank
	Annex D  (informative)  Methods for connecting additional capacitors for performing temperature rise test

	Bibliography
	Figure D.1 – Configurations for temperature rise test

	Français 
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Marquage d'une batterie de condensateurs
	5 Conditions d’emploi
	6 Guide de conception, d’installation, d’exploitation et de sécurité
	6.1 Généralités
	6.2 Conception
	6.2.1 Choix de la tension assignée
	6.2.2 Connexion et protection contre la surcharge

	6.3 Installation et exploitation
	6.3.1 Environnement électrique
	6.3.2 Effets secondaires de la batterie de condensateurs
	6.3.3 Surtensions
	6.3.4 Courants de surcharge

	6.4 Sécurité
	6.4.1 Dispositifs de décharge
	6.4.2 Décharge après déconnexion
	6.4.3 Danger de feu en cas de défaillance
	6.4.4 Dommages aux personnes et aux biens
	6.4.5 Jeu de barres
	6.4.6 Raccordement des réseaux


	7 Vérification de la conception
	7.1 Généralités
	7.2 Résistance des matériaux et des parties
	7.3 Vérification du degré de protection des enveloppes
	7.4 Vérification des distances d'isolement et des lignes de fuite
	7.5 Protection contre les chocs électriques et intégrité des circuits de protection
	7.6 Intégration des appareils de connexion et des composants
	7.7 Circuits électriques internes et connexions
	7.8 Bornes pour conducteurs externes
	7.9 Vérification des propriétés diélectriques
	7.10 Vérification des limites d’échauffement
	7.11 Vérification de la tenue aux courts-circuits
	7.12 Compatibilité électromagnétique
	7.13 Vérification du fonctionnement mécanique

	8 Vérification individuelle systématique
	8.1 Généralités
	8.2 Degré de protection procuré par les enveloppes
	8.3 Distances d'isolement et lignes de fuite
	8.4 Protection contre les chocs électriques et intégrité des circuits de protection
	8.5 Intégration de composants incorporés
	8.6 Circuits électriques internes et connexions
	8.7 Bornes pour conducteurs externes
	8.8 Fonctionnement mécanique
	8.9 Propriétés diélectriques
	8.10 Câblage, performance et fonctionnement opérationnels, y compris vérification de la puissance assignée

	Annexes 
	Annexe A  (normative)  Sections minimale et maximale des conducteurs de cuivre convenant aux raccordements
	Annexe B  (informative)  Formules pour les condensateurs et les installations
	B.1 Calcul de la puissance de condensateurs triphasés à partir de trois mesurages de capacités monophasées
	B.2 Fréquence de résonance
	B.3 Élévation de la tension
	B.4 Courant d'appel transitoire
	B.4.1 Mise sous tension d'un seul condensateur
	B.4.2 Connexion de condensateurs en parallèle avec un/des condensateur(s) sous tension
	B.4.3 Résistance de décharge dans des condensateurs monophasés ou dans une phase de condensateurs polyphasés


	Annexe C  (informative)  Définition de conceptions analogues pour les batteries  de condensateurs
	Annexe D  (informative)  Modes de connexion de condensateurs supplémentaires pour l'essai d'échauffement

	Bibliographie
	Figure D.1 – Configurations pour l’essai d'échauffement



