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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 international
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t ofcthis Technical Report is based on the following documents:
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33/658/DTR 33/663/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Power capacitors are important equipment for HVDC project, but at the same time they are also
the main noise source. However, there is no IEC document which is specific to the noise
measurement on power capacitors until now.

In recent years, Chinese authoritative testing organizations have conducted a large number of
experiments in this area. Now, many laboratories in China are able to simulate the actual
operating conditions of power capacitors in HVYDC converter stations for noise testing.

This new technical report is aimed to document a feasible method to measure power capacitor's
noise iff AT and DT Systems, In particular in HVDT convertier stations, based on the expgrience
developed in China. Furthermore, the testing laboratories could also check and ‘alidate
periodically the common technical parameters of the noise measurement on powér)cagacitors
in an uniform way by this method, in order to promote the practical applicdtion |of the
measufement method and possibly to improve it (in view of a possible future@onversion of the
technidal report to a technical specification).

This dgcument is intended to fill the gap in this technical field, and t@ promote the consfruction
of envifonmentally friendly AC and DC substations.
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NOISE MEASUREMENT METHOD ON POWER CAPACITORS

1 Scope

The object of this Technical Report is to document a method for the sound pressure level
measurement on power capacitor units, by which the sound power level of power capacitor units

is dete

This m

systems with a nominal voltage of 1 kV and above and a frequency of 50 Hz or 60, Hz,

This m

Other

method.

2 Nagrmative references

The fol
constit

For undated references, the latest edition of the“referenced document (includin

amend

IEC 61

Specifications

IEC 61

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy Ig
noise dqources using sound pressure — Engineering methods for an essentially free field
reflecting plane

3 Terms and definitions
For thg purposes’ of this document, the following terms and definitions apply.

ISO andMEC maintain terminological databases for use in standardization at the fo

rmined.

thod is applicable to shunt capacitor units and AC filter capacitor units for AC

bthod also applies to the DC filter capacitor units.

measurements on power capacitor units can be implemented With reference

owing documents are referred to in the text in such@way that some or all of their
ites requirements of this document. For dated references, only the edition cited 4

ments) applies.

P60-1:2014, Electroacoustics — Octave~band and fractional-octave-band filters —

£72-1:2013, Electroacoustics- Sound level meters — Part 1: Specifications

power

to this

content

pplies.
g any

Part 1:

vels of
over a

lowing

addres

Co.

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

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

3.1
noise

unwanted sound

[SOURCE: IEC TS 61973:2012, 3.1.13]
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3.2
sound pressure

p
fluctuating pressure superimposed on the static pressure

Note 1 to entry: Sound pressure is expressed in pascals (Pa).

Note 2 to entry: Sound pressure is usually expressed through the use of a decibel scale, as sound pressure level.

[SOURCE: IEC TS 61973:2012, 3.1.3]

3.3

soundpressuretevet

Ly

logarithm of the ratio of the RMS value of a given sound pressure to the reference| sound
pressufe

L, = 10log” = 20log 2 1)
4 P po’

p is the measured RMS sound pressure, in pascals;

po is the reference RMS pressure of 2 x 10-5 Pa, which-gorresponds to the 0 dB as
thieshold of audibility.

Note 1 t¢ entry: log(x) means the logarithm with base 10 of x3 this convention is used throughout this docyment.

Note 2 t¢ entry: The sound pressure level (Lp) is expressed in decibels (dB).

Note 3 t¢ entry: Sound pressure level is measured with sound level meters, which normally incorporate a fr¢quency-
weighting filter. For further details see 3.2.3 of IEC TS 61973:2012.

Note 4 t¢ entry: Since the sound level distribution measured around sound emitting objects is usually norj-uniform
it is normally necessary to assess sound‘levels on spatial average figures gained from several measuring positions
rather thign on one single discrete position.

[SOURCE: IEC TS 61973:2012, 3.1.4]

3.4
sound|power
P
through a surface, product of the sound pressure, p, and the component of the particle velocity,
u,, at g pointyon the surface in the direction normal to the surface, integrated over that gurface

Note 1 to entry: Sound power is expressed in watts.

Note 2 to entry: The quantity relates to the rate per time at which airborne sound energy is radiated by a source.

[SOURCE: ISO 3744:2010, 3.20]

3.5
sound power level
L

w
ten times the logarithm to the base 10 of the ratio of the sound power of a source, P, to a
reference value, P, expressed in decibels (dB)

Ly = 1010gPi (2)
0
where the reference value, Py, is 1 pW
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Note 1 to entry: If a specific weighting as specified in IEC 61672-1 and/or specific frequency bands are applied,

this is indicated by appropriate subscripts; e.g. LW(A) denotes the A-weighted sound power level.

[SOURCE: ISO 3744:2010, 3.21]

3.6

reference box

hypothetical right parallelepiped terminating on the reflecting plane(s) on which the noise
source under test is located, that just encloses the source including all the significant sound
radiating components and any test table on which the source is mounted

Note 1 to entry: The test table as small as possible be used.

Note 2 t¢ entry: Reference radiating plane of capacitor unit is the cuboid surface consisting of the six sides of the
capacitof unit enclosure only and excluding the wiring terminals.

[SOURCE: ISO 3744:2010, 3.10]

3.7
measurement surface
S
hypothgtical surface of an area, S, on which the microphone posijtions are located at wHich the
sound pressure levels are measured, enveloping the noise sourCe under test and ternfinating
on the feflecting plane(s) on which the source is located

[SOURCE: ISO 3744:2010, 3.14]

3.8
background noise
noise ffom all sources other than the noise source under test

Note 1 t¢ entry: Background noise includes contributions from airborne sound, noise from structure-borne {ibration,
and elecfrical noise in the instrumentation.

Note 2 t¢ entry: The background noise censiders noise from the associated power equipment which operptes and
stops sithultaneously with the capacitor unit.

[SOURCE: ISO 3744:2010, 3.15]

3.9
synthgsis of sound.pressure level
superppsition ofsound pressure levels generated by two or more sound sources at a [certain
point in the sound-*field

3.10
directikity index
Dy

measure of the extent to which a noise source under test radiates sound in the direction of the
iy, microphone position on a measurement surface, relative to the mean sound radiation over

the measurement surface

Dy; = Lyisty — (L’p(ST) - Ky (3)
where

Lyisty is the background noise-corrected time-averaged (or single event time-integrated)
sound pressure level for the iy, microphone position on the measurement surface, with
the noise source under test (ST) in operation, in decibels;
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Ly s the mean (energy average) time-averaged (or single event time-integrated) sound

pressure level over all the microphone positions on the measurement surface for noise
source under test, in decibels;

K, is the background noise correction, in decibels.

[SOURCE: ISO 3744:2010, 3.24]

3.1

fundamental current
current with a frequency equal to the power frequency of the AC system connected with the
capacifor

3.12
harmohic current
currenf with a frequency that is a multiple of the power frequency of the AC-system connected
with the capacitor

3.13
capacitor unit
assembly of one or more capacitor elements in the same containér with terminals brought out

[SOURICE: IEC 60050-436:1990, 436-01-04]

3.14
shunt capacitor
power fapacitor intended to be connected in parallel with a network

Note 1 t¢ entry: These capacitors are used primarily:for power factor correction by reactive power compersation.

[SOURICE: IEC 60050-436:1990, 436-02-02]

3.15
AC fiIttFr capacitor

power [capacitor intended to‘form part of a circuit designed to reduce one or more hgrmonic
currenfs present in the AC-network

3.16
DC filter capacitor
power fapacitar used to suppress the harmonics of the DC network

4 Nqisé/measurement

4.1 Power injection conditions for capacitors
411 Current injection conditions for shunt capacitor units
The maximum injection current of shunt capacitor units is applied as follows:

a) Fundamental current is not greater than 1,11, where I, is the rated current for the capacitor
unit.

b) The root mean square value of fundamental current and harmonic currents is not greater
than 1,31,.

During noise test of shunt capacitor units, both fundamental current and harmonic currents that
specified for test are injected simultaneously, if practicable.
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The controlled deviation of the amplitude of injected fundamental current and harmonic currents
of each order is not greater than 3 %.

Typical test circuits for shunt capacitor units noise measurement are documented in Figure B.1
in Annex B.

4.1.2 Current injection conditions for AC filter capacitor units

During a noise test of AC filter capacitor units, both fundamental current and harmonic currents
that are specified for test are injected simultaneously, if practicable.

The coptroled-deviationofthe-amplitudeofinjectedfundamentalcurrent and-harmoniccurrents
of each order are not greater than 3 %.

Typical test circuits for AC filter capacitor units noise measurement are -doecumented in
Figure|B.1.

4.1.3 Current and voltage injection conditions for DC filter capacitor units

During|a noise test on DC filter capacitor units, both DC voltage and harmonic currents that are
specifigd for test are injected simultaneously, if practicable.

The controlled deviation of the amplitude of DC voltage and-harmonic currents of each order
injected are not greater than 3 %.

Typical test circuits for DC filter capacitor units\noise measurement are documented in
Figure [B.2.

4.2 Measuring environment

Noise measurement on power capacitoriunits is carried out in hemi-anechoic rooms meeting
the qualifications described in Annex’A or Annex B of ISO 3744:2012. Environmenjts with
backgrpund noise not more than\30 dB and without acoustic wave reflection that |affects
apprecjably the measurement résults are acceptable alternatives.

The bpackground noise «ats each measuring point is measured before and after] noise
measufement, and the difference between the two average sound pressure levels is maintained
within B dB. It is preferable that the background A-weighted sound pressure level be at least
10 dB lower than thepower capacitor's sound under the specified test conditions. When these
conditipns are notsatisfied, at least the method given in 4.6.2 is followed.

4.3 Characteristics for basic acoustic instruments

The S UIIGI Illctclc UDCd fUI IIIUGDUI;IIH DUUIId MITCOoSUIT =cvc=a dl'c bUIIIp:;dIIt vV th the
characteristics set out in IEC 61672-1:2013, class 1, and they are calibrated according to
ISO 3744:2010.

The octave or one-third-octave band filters are selected so as to meet the requirements
specified in IEC 61260-1:2014.

4.4 Arrangement of the power capacitors

The arrangement mode of the test object is such to be consistent with the installation and design
requirements of actual projects. A fixing method that basically does not affect the generation
and propagation of power capacitor noise is adopted. Generally, the power capacitor unit is
fixed to a rack as in the actual installation.


https://iecnorm.com/api/?name=f903798d25bdfcef2ff7ad0da9314b53

-12 - IEC TR 63396:2021 © IEC 2021

The bottom surface of the power capacitor unit is kept parallel to the reflecting plane (floor) of
the test room and remains at a vertical distance of 0,8 m from the reflecting plane (floor) during
the test.

The container of power capacitor unit and the rack are reliably grounded.

4.5 Arrangement of the microphone

The microphone is positioned close to the measurement surface. The number and position of
the microphones are described in Annex A.

4.6 Measurement-on-sound-pressuretevels
4.6.1 General

The me¢asurement is made when the background noise level is approximately_constant.

The A-weighted sound pressure level of the background noise is measured before th¢ noise
measufement of the power capacitor unit (test object). When measuring.the background noise,
the midrophone is located at the same position as when measuring the noise of the test|object.

The A{weighted sound pressure level at each measuring point is recorded and th¢ rapid
responge indication of the instrument is used to confirm and ayoid measurement errors gaused
by transient background noise.

After the measurement is completed and the power supply of the test object is removgd, the
backgrpund noise is measured again immediately

At the beginning and the end of each measurement, the entire sound pressure level measuring
system| can be checked by means of_-a''sound calibrator meeting the requiremgnts of
IEC 61p672-1:2013, class 1. Without any further adjustment, the difference between the rgadings
of two fonsecutive checks is maintained within 0,3 dB. If this value is exceeded, the results of
measufements obtained after the “previous satisfactory check are discarded anpd the
measufement process is repeated.

4.6.2 Calculation of average sound pressure level at measurement surface

The aVerage A-weighted sound pressure IeveILpA0 is obtained by averaging the rootfmean-

square|A-weighted sound pressure level L,4;0n the surface of the parallelepiped over thg space,
which is calculated using equation (4).

Luao = 1010g (-3, 10%14pat) dB(A), (4)

where:

N is the total number of sound pressure level measuring points of the samples.

Average A-weighted sound pressure level of background noise L,,, is obtained based on the
measured values before and after the test. It is calculated according to equation (5).

Lopa = 10log (5; T, 10°2040) dB(A), (5)

where:

M is the total number of background sound pressure level measuring points.
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Lypai is A weighted sound pressure level of background noise measured at each measuring
point.

If the deviation of the background A weighted sound pressure levels m measured before and
after the test exceeds 3 dB, and the difference between the higher one and the uncorrected
average A-weighted sound pressure level % is less than 8 dB, the measurement is invalid
and the test is repeated. However, when the uncorrected average A-weighted sound pressure
level is less than the guaranteed value, the test object can be deemed to meet the requirements
of the guaranteed value of sound level, and this situation is recorded in the test report.

If the higher value of the background A-weighted sound pressure levels L,,, measured before
and aftler the test deviates from the uncorrected average A-weighted sound pressure Ie}el Lypao

by less|than 3 dB, the measurement is invalid and the test is repeated, except if the uncofrected
average A-weighted sound pressure level is less than the guaranteed value;-under this
circums$tance, the test object can be deemed to meet the requirements of the guaranteegl value
of the gound level, and this situation is recorded in the test report.

When the difference between the higher of the background A-weighted sound pressurg levels
and the synthesized sound pressure level of the test object and thebackground is less|than 3
dB, otller measurement methods can be considered. Although a small difference betwgen the
synthesized sound pressure level and the background sound pressure level is allowablle, it is
still negessary to lower the difference to less than 6 dB, as far as possible. When it is|indeed
less than 6 dB and is greater than 3 dB, correction is made aecording to equation (6).

L, = 101log (1004% - 1004@) dB(A), (6)

where:

Lypa |is the smaller of the two calculated average A-weighted sound pressure leyels of
background noise.

is the Synthetic A-weightedsound pressure level after background noise correcfion.

o~
b
S

The abjove requirements are summarized and test acceptance criteria shown in Table 1

Table 1 — Test acceptance criteria

The driLference between % and The difference between @ Conclusion
thle higher galue of m before and after test
=8 dB(A) — Accepted
< 8 dB(A) < 3 dB(A) Accepted
< 8 dB(A) > 3 dB(A) Retest
< 3 dB(A) — Retest

NOTE If L,4 is less than the maximum requirement sound pressure level value of the test object, the test object

can be deemed to meet the sound pressure level requirement, therefore retest would be unnecessary and this
situation is recorded in the test report.

4.7 Calculation of sound power level

A-weighted sound power level of test object L, is calculated based on the corrected measured
average A weighted sound pressure level according to equation (7):

T N
LWA = LpA + 1010g5 ’ (7)
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where:

L,4 is the surface time-averaged sound pressure level for the noise source under test, in dB;

S is the area of the measurement surface, in square metres. It is calculated according to
equation (A.1);

Sy is the reference surface area, S; = 1 m2.

5 Measurement of uncertainty

When the sound power level of the same capacitor unit is measured with the procedures
specifigd—mthisdocument T differenttaboratories meeting the conditions of Ctausg] 4, the
results| obtained can show a certain dispersion, which is evaluated by the measurement
uncertainty u(Ly).

The me¢asurement uncertainty u(L,,) of the sound power level determined jn-accordange with
this dopument is estimated by the total standard deviation o;,;:

u(Ly) = 0t (8)
where u(Ly) and o;,; are both expressed in decibels (dB).

The tofal standard deviation o;,; is expressed by gz, and 6,,,., as in equation (9):

Otot =+ 01%0 +F0%me » (9)

where:

$ the standard deviation due to-repeatability and reproducibility of all conditiohs and
gnvironments, including the testunethod, test environment, and test personnel;

ORo

5 the standard deviation dug;to the instability of loading and installation conditiong of test
dbject.

aomc

In addition to the standard.deviation a,,., the expanded measurement uncertainty also depends
on the|degree of confidence that is desired. For a normal distribution of sound power|levels,
there ig 90 % confidenceé that the true value lies within the measured value +1,640,,;, anld 95 %
confidgnce that thetrue value lies within the measured value £1,960;,,.

The expandedimeasurement uncertainty U (in dB) is derived from o, using equation (10):

=
Il

6ot (10)
where k is the coverage factor.

The expanded measurement uncertainty depends on the degree of confidence that is desired.
For a normal distribution of measured values, there is 95 % confidence that the true value lies
within the range (L, — U) to (Ly, + U). This corresponds to a coverage factor of £ = 2.

If the purpose of determining the sound power level is to compare the result with a limit value,
it can be more appropriate to apply the coverage factor for one-sided normal distribution. In
that case, the coverage factor is £ = 1,6, corresponding to a degree of confidence of 95 %.

For measurements under the environmental conditions meeting the conditions of Clause 4 using
the methods specified and the measuring system recommended in this document, the standard
deviation, g,,,., for measurement uncertainty due to instability of loading and installation
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conditions of the test object is 0,28 dB; and the upper bound value of standard deviation oy,
due to reproducibility of the test method, test environment, and test personnel is 0,50 dB
(smaller for repeated measurements in the same hemi-anechoic room).

For the coverage factor k£ = 2 for normal distribution of measured values corresponding to a
confidence level of 95 %, the expanded measurement uncertainty derived from the standard
deviation above is:

U = ko = kyJ 02y + 02ne = 2 X4/0,502 + 0,282 =~ 1,1 (dB). (11)

For the caverage factor k=1 6 for one-sided normal distribution r‘nrrnqpnnding tao_a caonfidence
level of 95 %, the expanded measurement uncertainty derived from the standard /dgviation
above |[s:

U = koo = knJ0Z + 02me = 1,6 X /0,50% + 0,282 ~ 0,9 (dB). (12)

The sound power level finally determined can be expressed as L, + [Zin.dB.

6 Testreport

The nofise test report of the power capacitor units normathfincludes the following information:

a) the|lname of the power capacitor manufacturer and manufacturing time;

b) the|date and place of testing;

c) thelreference document (e.g. this document);

d) the|schematic diagram of the test circuit;

e) the|product model, factory serial number, rated capacity, rated current, rated voltage, rated

frequency, rated capacitance and.shell size of the relevant products;

f) thelinternal dimensions of the(hemi-anechoic room, the installation location and method of
the|test object;

g) the|total number and arrangement of measuring points (attached drawings);
h) the|total area of the(measurement surface, as calculated;

i) other parameters ;such as noise measuring instruments model, factory serial number,
acqguracy andsgalibration;

j) the| test eonditions, including the injected fundamental voltage, fundamental gurrent,
harmonic frequency, harmonic voltage and harmonic currents of the test object;

I) the A-weighted sound pressure level of each measuring point and the calculated value of
the uncorrected average A-weighted sound pressure level of the test object;

m) possible explanations of whether background, environment and air pressure correction are
necessary;

NOTE |If correction are needed, the corrected average A-weighted sound pressure level are normally reported
separately after the uncorrected values.

n) the calculation result of the sound power level of the test object;
0) possibly, the list of attendees at the test;
p) name and signature of the person in charge of the test report.

A typical format of the power capacitor noise test report is presented in Annex C.
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Annex A
(informative)

Microphone arrangement on noise measurement
surface of power capacitors

A.1 Measurement surface

In this document, a right parallelepiped with sides parallel to those of the reference box is used
as the measurement surface. The entire measurement surface is within the internal space of
the hemi-anechoic room. Figure A.1 shows the schematic diagram for the installation gosition
of test pbject relative to the measurement surface.

The ar¢a of the measurement surface is given by equation (A.1):

S =4(ab + bc +ca) , (A.1)

where:
a=d+H0,5L, inm;

b=dHO05W, in m;
c=dHH+e,inm;
L, W gnd H are the length, width, and height of)the reference box respectively; d| is the

measufement distance (taken as 1 m in this technical report), and ¢ is the height of the cdpacitor
under fest above ground (e = 0,8 m).

Dimensions in metres

\ A
1 | - Measurement -
i o surface
I / \ I
| 1 1 © ® l 1
X Ground 3
w_ OO—
Bushing o / \ o
/ /
A
1 - Measurement
Y /

Y

il

Bushing

IEC

Figure A.1 — Schematic diagram of installation of the test object
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A.2 Measurement positions and orientation of microphone

Seventeen points are arranged on the measurement surface. See Figure A.2 and Table 1 for
distribution and coordinate of the points.

For the purpose of the test, the microphones are located on the measurement positions and be
perpendicular to the measurement surface. If a measurement position is at the crossing of
multiple surfaces, the microphone can point face to the centre of the test object.

IEC
Flgure A.2 — Microphone positions on the parallelepiped measurement surfage

Table A.1 — Coordinates of measurement positions
on the parallelepiped measurement surface

Measurement Position X y z
1 0 a cl/2
2 -b 0 c/2
3 0 -a c/2
4 b 0 c/2
5 -b a c
6 -b -a c
7 b -a c
8 b a c
9 O O T

10 -b a c/2
11 -b -a cl/2
12 b -a c/2
13 a b cl/2
14 0 a ¢
15 -b 0 c
16 0 -a c
17 b 0 c
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Annex B
(informative)

Typical test circuit for power capacitor noise measurement

B.1 Shunt and AC filter power capacitor noise test circuit

The test circuit shown in Figure B.1 can be used, if the test object is a shunt or AC filter power
capacitor. According to the indications of 4.1.1 and 4.1.2, the harmonic power supply outputs
the fundamental wave and the harmonic currents of the set frequencies, which are loaded on

the carﬁm‘nﬂﬁ‘m‘ﬂ?ﬁ“"oﬂg“ thetramsformer—According 1o e poweT Suppty T3
the shiint reactor is used to compensate for the loading of specific frequency (usually
frequency) current

Figure

B.2

The te

Transformer
1
| I
| | Shuntreagtor | g, oje of
Harmonic | | 1 power
power | _ _capacitor
supply | unit
| I
b T ' |
Output | I
— e ) ] |

= IEC

B.1 — Schematic diagram of shunttand AC filter power capacitor noise test

DC filter power capacitornoise test circuit

5t circuit shown in Figure'B.2 is used, if the test object is a DC filter power ca

Accordj;ng to the indications of 4.1.3, the harmonic power supply outputs harmonic curre

set fre
the san

uencies, which are-Joaded on the capacitor unit under test through the transfor

pacity,
power

circuit

acitor.
ts with
mer. At

ne time, the DC-test voltage is applied by DC power supply.
DC bloqking Current limiting
capacitor resistor
—-———a || —
| N —
I |
i |
Harmonic | +
power | —_—— DC power
supply | | _ source
| ' )
b amm ' !
Output | I
— |

IEC

Figure B.2 — Schematic diagram of DC filter power capacitor noise test circuit
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