TECHNICAL
SPECIFICATION

IEC

TS 61934

First edition
2006-04

(

Electrical insulating materials ams

Electrical measurement-of p «.\\‘: di

impulses

S

harges (PD)

Reference number
IEC/TS 61934:2006(E)


https://iecnorm.com/api/?name=d6dfa642fbe1f29ee3cab255138fc4d9

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

by the technical committee which has prepared this publicatf
of publications issued, is also available from the following;

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web sit
search by a variety of critetia includj

sued i
. Please €0

bles you to
jcal committees

»iec.ch/online_news/ justpub)
e\Customer Service Centre (see



http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch
https://iecnorm.com/api/?name=d6dfa642fbe1f29ee3cab255138fc4d9

TECHNICAL IEC
SPECIFICATION TS 61934

First edition
2006-04

Electrical measurement'c s (PD)

impulses

S

O IEC 2006 O Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

PRICE CODE S

Commission Electrotechnique Internationale
International Electrotechnical Commission

MexayHapogHas dnektpoTexHuyeckas Komuccus For price, see current catalogue



https://iecnorm.com/api/?name=d6dfa642fbe1f29ee3cab255138fc4d9

—2- TS 61934 O IEC:2006(E)

CONTENTS
O L N ] PP 4
LS T o7 o o 1= T PP 6
A [ 4 =Y YN = £ =Y g Lo 6
3 Terms and definitioNs . ... e 6
4 Measurement of partial discharge pulses during repetitive, short-rise time, voltage
impulses and comparison with power freqQUEeNCY ..........coooviiiiiiiinenc o DN b 8
4.1 Measurement freQUENCY .....ccooeviiiiiiiiiiiieeiee e N e NI b 8
4.2 Measurement quantities ..o NN N N Jooennnn 9
4.3 TestobjeCtS. i e e e N N NG N 4 S 9
4.4 Effect of testing conditions ... S O N N e b 10
5 PD detection methods ... NG N NG e N e e eeeeneeif e 11
5.1  General ... T NG N N G e b 11
5.4 PD pulse coupling and detection devices../....oa... NGl e e N eeveneeinieneiienadf e 11
5.3 Source-controlled gating techniques... N 3 Lo m e NG b 15
6 Digplay methods........ccoooiiii O N [l ) 2 b 15
7 Sepsitivity of PD measurement ... o NG G N I e 16
8  TePBt CIrCUITS ..o T N NI DNttt et et et et e e e e e e e eneenneneeenaf e 17
(S I =13 Qo] o Yo =Yo [ U1 Y- TS W (O N N R S 17
(O V=YY S (=T oTo] A A N A N N N S RSP S 17
Annex
by the Foupling €eVvite ..o S N N ettt e e e e e e e ah e 18
Annex
LT T Te IR e=Ted ol el U] =2 T O R e PP PRI SUP 20
2T oY (oY e | =Y o1 (1Y PN N N N PR SR 22
Figure |1 — Coupling sapacitor with multipole filter ... b, 12
Figure 2 — Exampte _of voltage impulse and PD pulse frequency spectra before and
after fIl ORI .o e e 12
Figure 3 — HFCT with multipole T er. ... e e aa e 13
Figure 4 — HFCT between test object and earth with multipole filter ...................c.coo. 13
Figure 5 — Circuit using an electromagnetic coupler (for example an antenna) to
suppress impulses from the test SUPPIY.. ... 13
Figure 6 — Example of waveforms of repetitive bipolar impulse voltage and charge
accumulation for on twisted-pair SAMPIe ... ..o 14
Figure 7 — Charge MeasSUIrEMENTS ... .. e e e e e ea e eaas 14

Figure 8 — Example of PD detection using electronic source-controlled gating (other
PD coupling devices €an be USEA) .....couiiuiiiiiii e 15


https://iecnorm.com/api/?name=d6dfa642fbe1f29ee3cab255138fc4d9

TS 61934 O IEC:2006(E) -3-

Figure A.1 — Schematic example of overlap between voltage impulse and PD pulse

SPECHra (OO @rEa) ..uee i 18
Figure A.2 — Schematic example of voltage impulse and PD pulse spectra after filtering....... 18
Figure A.3 — Example of impulse voltage damping as a function of impulse voltage

Magnitude and FiSE HIMe . ... 19
Figure B.1 — Power supply waveform and recorded PD pulses measured using an

antenna during supply voltage commutation.............coiiiiii i 20
Figure B.2 — Partial discharge pulses detected by an antenna from the record of

Figure B.1, using a filtering technique (400 MHz high-pass filter)..........c.ccocoiiiiiiin e, 21
Figure B.3 — Characteristic of the filter used to pass from Figure B.1 to Figure B.2............... 21

@@
o



https://iecnorm.com/api/?name=d6dfa642fbe1f29ee3cab255138fc4d9

—4— TS 61934 O IEC:2006(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATING MATERIALS AND SYSTEMS -
ELECTRICAL MEASUREMENT OF PARTIAL DISCHARGES (PD)
UNDER SHORT RISE TIME AND REPETITIVE VOLTAGE IMPULSES

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees) The object /of i promote
interpational co-operation on all questions concerning standardlzatlon in the electrical{and eIe icflelds. To
this £nd and in addition to other activities, ifications,
Techpical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides (héxeafter as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nati i jterested
in the subject dealt with may participate in this preparatory work. e nd non-
govefnmental organizations liaising with the IEC also participate in thisprepacation. b closely
with |the International Organization for Standardization (ISO) in accordg iti hined by

agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express I8¢ , intefnational
consgensus of opinion on the relevant subjects since each 5 3 from all
inter¢sted IEC National Committees.

3) IEC Publications have the form of recommendations fori ti 3 accepted by IEC [National
Compnittees in that sense. While all reason 3, are\ m at the technical content of IEC
Publications is accurate, IEC cannot be e iR_which they are used or| for any
misirjterpretation by any end user.

4) In osrlder to promote international uniformity i 3 i undertake to apply IEC Publications
transjparently to the maximum extent posgible in th' i and regional publications. Any diyergence
betwpen any IEC Publication and the corregpon o)) tonal publication shall be clearly indicated in
the latter.

5) IEC Jprovides no marking ¥ indicate. i dl and cannot be rendered responsible| for any
equipment declared to be i 3 i i

6) All ugers should ensure|thaithre

employees, servants or agents including individual exgerts and

7) No lipbility shal 2
membpers of its te attonal Committees for any personal injury, property dgmage or

othe damage of &n her direct or indirect, or for costs (including legal fg¢es) and
expehses arising Y icatt ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention i t ive references cited in this publication. Use of the referenced publications is
indispensalfle forthe ion of this publication.

9) AttentionhN € possibifity that some of the elements of this IEC Publication may be the spbject of
patent\i NE held responsible for identifying any or all such patent rights.

The m
exceptional circu
specifi¢ation when

C technical committees is to prepare International Standafds. In
ces, a technical committee may propose the publication of a technical

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

* The subject is still under technical development or where, for any other reason, there is
the future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 61934, which is a technical specification, has been prepared by IEC technical
committee 112: Evaluation and qualification of electrical insulating materials and systems.

1 Provisional title.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
112/13/DTS 112/25/RVC

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

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

A bilin

pd until
.ch" in

The cogmmittee has decided that the contents of this publication will
the mgintenance result date indicated on the IEC web site under
the datp related to the specific publication. At this date, the publicati

« transformed into an International standard,
* recpnfirmed;

+ withdrawn;

* rep|aced by a revised edition, or

B
3
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ELECTRICAL INSULATING MATERIALS AND SYSTEMS -
ELECTRICAL MEASUREMENT OF PARTIAL DISCHARGES (PD)

006(E)

UNDER SHORT RISE TIME AND REPETITIVE VOLTAGE IMPULSES

1 Sc

ope

This Technical Specification is applicable to the off-line electrical measurement of partial

discharges (PD) that occur in electrical insulation systems (EIS) when stressed by repetitive

voltagqg impulses having a rise time of 50 us or less.

Typical applications are EIS belonging to apparatus driven by poxe uch as

motors

NOTE 1| Use of this document with specific products may require specificatiop of additiona

NOTE 2| Those described in the TS are emerging technologies, so that\experi&ace and\cautions, ag well as

certain greconditions, are needed to apply this TS.

Excludgd are

— methods based on optical or ultrasonic PD d

— fielgs of application for PD me@ by non-repetitive impulse
volfages.

2 Ng

The fo
For daf

IEC 60

IEC 62
impuls

rmative reference

hod of evaluation of electrical endurance

ument.
edition

ation systems — Electrical stresses produced by repetitive

3 Te

For thg purposes ofthis document, the following terms and definitions apply, some of which
are takendrom IEC 60270 and IEC 62068-1.

3.1

repetitive voltage impulses

impulses that occur when switching of power electronic devices at a carrier or driven
frequency

3.2

partial discharge

PD

electric discharge that only partially bridges the insulation between conductors

[IEC 60270:2000, Definition 3.1, modified]
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3.3

partial discharge pulse

PD pulse

current or voltage pulse at the terminal of the object under test that results from a partial
discharge occurring within the object under test

NOTE The pulse is measured using suitable detector circuits, which have been introduced into the test circuit for
the purpose of the test.

A detector in accordance with the provisions of this technical specification produces a current or a voltage signal at
its output related to the PD pulse at its input.

[IEC 60270:2000, Definition 3.2, modified]

3.4
repetitive partial discharge inception voltage
RPDIV
minimym peak-to-peak voltage at which partial discharges occur wij
more AD pulses per every 2 voltage impulses

of 1 or

NOTE ie¢d to the

test obje

3.5

repetit|
RPDEV
maxim
than 1

vith a repetition rate|of less

NOTE at where the voltage applied tq the test

polarity

[IEC 63

3.7
unipol

repetiti of which is either positive or negative

[IEC 63 , modified]

NOTE e magritude\gkthe oskillation of the opposite polarity has to be less than 20 %.

3.8
bipolar impulse
repetitilve voltage impulse, the polarity of which changes

[IEC 62068-1:2003, Definition 3.9, modified]

3.9

impulse voltage repetition rate

inverse of the average time between successive impulses of the same polarity, whether
unipolar or bipolar

[IEC 62068-1:2003, Definition 3.11, modified]

3.10
PD pulse repetition rate
inverse of the average time between successive PD pulses of the same polarity

[IEC 62068-1:2003, Definition 3.11, modified]
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3.1
impulse rise time
time for the voltage impulse to go from 0 % to 100 %

NOTE Unless otherwise stated, this is estimated as 1,25 times the time for the voltage to rise from 10 % to 90 %.

[IEC 62068-1:2003, Definition 3.12, modified]

3.12
rate of impulse voltage rise
impulse voltage magnitude divided by the rise time, defined in 3.11

3.13
impulse decay time
time interval between the instants at which the instantaneous value of
from a[specified upper value to a specified lower value

reases

NOTE Unless otherwise specified, the upper and lower values are fixed at 99 gnitude.

3.14
impulge width
interval of time between the first and last instants a1 sh thé ihstantarfeous valug of an

impulsé reaches a specified fraction of impulse magy

3.15
impul

e duty cycle
ratio, f i i

3.16

largest ecified

voltagg

[IEC 6(

NOTE
magnitu

rring PD

4 Me ime,
VO

4.1

IEC 60 ed with

PD in t ised to

measure W should

normaIIy be modified from the standard narrow-band and W|de band frequency methods
described in IEC 60270.

To measure the PD during repetitive short rise time voltage impulses, the detector circuit shall
be of the ultra-wide band (UWB) type (see 4.6. of IEC 60270, i.e. >400 kHz), where the
operating detection range is such that the exciting impulse voltage is strongly suppressed
while the PD pulse is not significantly suppressed. IEC 60270 does not suggest specific ultra-
wide band detection methods. For the purposes of this technical specification, specific
detection methods are required. Types of couplers other than conventional capacitors are
permitted in this document.
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4.2 Measurement quantities

Measured quantities concern the RPDIV, the RPDEV, the peak partial discharge magnitude

and partial discharge pulse repetition rate.

RPDIV and RPDEV may depend on PD measurement sensitivity and measurement circuit
noise, so that normalization as indicated in Clause 7 is needed. Moreover, they depend on the

test object and the pulse deformation from the discharge to the measurement point.

In this technical specification, PD readings are reported in units of mV. In any case, a
sensitivity evaluation of the measuring system is necessary and should be carried out

accordipgto-Ctatse—+

4.3 Test objects
4.3.1 General

Test qbjects behave predominantly as inductive,
impedgnces according to the voltage supply frequenc
whethgr they are predominantly inductive, capacitive o
detectipn frequency range (not only on the voltage
distribyted behaviour have transmission line characferi
distortipn of the PD pulses as the pulses propag

4.3.2 Inductive test objects

Types pf inductive test objects may inc
« stafor and rotor windings;

« transformer windings;

. mo

4.3.3

Types
o twis
e cap
e pad

s pov

* isolatéd heat sinks;

ivalent
bjects,
the PD
ts with
on and

« mainwall insulation models in stator coils and bars;
e printed circuit boards;

¢ optocouplers.

4.3.4 Distributed test objects
The following test objects may have distributed equivalent impedance properties:

e cables;

* busbars;

¢ stator and rotor windings;
« transformer windings;

e turninsulation of stator and rotor windings.
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4.4 Effect of testing conditions
4.41 General

PD pulses can occur during the rise time of a voltage impulse or the remaining period of the
impulse. PD depends on the testing conditions, including supply voltage impulse,
environmental factors, as well as from ageing extent. For this reason, comparative
evaluations should be carried out using test circuits and generators having the same
characteristics (see IEC 62068-1), and comparable environmental conditions. Measurement of
PD quantities at different times during the service life of a test object can be used as a
diagnostic technique to assess the degree of ageing of the insulation system and form the
basis of condition-based maintenance procedures.

4.4.2 Effect of impulse voltage supply

The RPDIV, RPDEV and, in general, PD-associated quantities
featuregls of the impulse waveform, for example the impulse rise times

compafison between different insulating materials or desig

measufements can be performed using standardized/volkage s ppIy waveform
IEC 62D68-1). The appropriate impulse waveform can o-o-~ 0 \

the type of application. The specification of the impuls . st other
factors
e impulse rise time;

¢ impulse voltage polarity;

* impulse voltage repetition rate;

e impulse width;

e impulse duty cycle.

4.4.3

RPDIV
factors

sociated quantities may be affected by the fgllowing

e humidi

* dedre Nami gn of the test object;

4.4.4 —Effectof-testingconditions—andageing
RPDIV, RPDEV and PD-associated quantities may be affected by

e previous voltage applications as well as the time between voltage applications,

e operation time or time under stress of the test object.

In addition, they may vary as ageing of the electrical insulation occurs, that is, during
operation of the EIS.
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5 PD detection methods

5.1 General

Any PD pulse detection system, where the test object is excited by voltage impulses, requires
strong suppression of the residual voltage impulse, measured by the PD detection circuit, and
negligible suppression of the PD pulse. The PD pulse shall have a magnitude after processing
by the detection system that is greater than the residual transmitted voltage impulse. The
amount of impulse voltage suppression required will be dependent on the test voltage and the
rise time of the impulse.

As the |
ensure
impuls¢
becomes shorter, the suppression should be greater, due to the
frequemcy spectra of supply impulse and PD pulse (see Annex A). {
shall bg designed in order to ensure that important PD pulse ma
residugl transmitted voltage impulse on the output of the detecfor.

Annex [A provides indications on the voltage impulse v st i by the
coupling device. Suggestions for the amount of supp agen \ i needed
as a fupction of impulse magnitude and rise time are

Examples of PD pulses extracted frop
are reported in Annex B.

niques

5.2
5.2.1 Introductory repiarks

PD curfrent or voltage pu
capaciFrs, high frequent

antennpgs). The detec
ress the pu

voltage
ers (HFCT) or electromagnetic couplefs (e.g.
he rest of the measuring system, must be able

to sup pulse
(using p.g. appropria on.
NOTE nductive
earthing

5.2.2

A coudli oltage,
togethg e filter
should e input
signal

The c re 1).

Annex A shows a schematlc example of filter behaviour. Flgure 2 reports an example of
frequency spectra of PD pulse and impulse voltage before and after filtering for an 8" order
filter.


https://iecnorm.com/api/?name=d6dfa642fbe1f29ee3cab255138fc4d9

-12- TS 61934 O IEC:2006(E)

Test
Supply J object
T=
Zz |::| Filter TPD signal

IEC 540/06

Figure 1 — Coupling capacitor with multipole fil

—— Voltage impulse
------ PD pulse

—— Voltage impulse
------ PD pulse 5 ]

db

-20 T T T
0,00001| 0,0001 0,001 0,01

-20 > —t . . . .

1 O;)Os 0,00001 0,0001 0,001 0,01 0,1 1 10 1o 1000
Frequency GHz

EC, /06 FEC 542/06

Figune 2a — Example eltage e Figure 2b — Example of voltage impulse apd PD
pulse frequeng 3 i pulse frequency spectra after fiIterinE

NOTE |oltage , ulse rise time 2 ns, 8™ order filter with filter cut-off frequency lequal to
500 MH3.

xXample of voltage impulse and PD pulse frequency spectra
before and after filtering

5.2.3 HFCT with multipole filter

An HFCT, together with a filter, can be used to detect PD pulses while suppressing the
impulse voltage. Note that HFCTs may have a very wide range of upper cut-off frequencies
that may affect the performance of this method. The HFCT should have higher cut-off
frequency than voltage impulse frequency. The filter should have at least three poles and
special measures to inhibit cross coupling of the input signal to the output. The filter can be
implemented using passive or active filtering technology. The HFCT can be placed over the
high-voltage cable between the impulse supply and the test object (Figure 3). In this case, the
HFCT should have sufficient electrical insulation to ensure that breakdown between the cable
and the HFCT does not occur. Alternatively, the HFCT can be connected between the test
object and earth (Figure 4). Only mains voltage insulation is then required. The latter
arrangement is effective, in general, only if the metallic enclosure of the test object can be
isolated from earth. Annex A shows a schematic example of filter behaviour.
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HFCT

Supply

Test
object

Filter TPD signal

IEC 543/06

Figure 3 — HFCT with multipole filter

5.2.4

Antennfa type ¢

in the t

Supply

Test

Figure 4 — HFCT between

Electromagngti

s

object

PD sighal

IEC 544/06

te impulses from the supply from PD orig

arth with multipole filter

Test
Supply —— object
Antenna/
Acquisition
system
IEC 545/06

inating

Figure 5 — Circuit using an electromagnetic coupler (for example an antenna)
to suppress impulses from the test supply
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5.2.5 Charge measurements

For simple, unearthed capacitive test objects, such as twisted pairs (with equivalent
capacitance C,,, it is possible to measure PD charge using both a detection capacitor with a
capacitance C4 (C4>>C,) in series with the test object and a voltage detector with high input
impedance R.

Charge is built on the detecting capacitor through the charging current due to impulse voltage
rise. When impulse voltage decays to zero, capacitor charge is cancelled out by that of
opposite charge. Consequently, without PD, the voltage of the detecting capacitor shows the
same shape of the applled |mpulse voltage, with amplltude scaled by the ratio C s/Cq4- Once
PD oc onstant
RCd, ant is;selected
long e served
after a|single shot of impulse voltage. Figure 6 shows an experimg
voltaggd and accumulated charge for a twisted pair sample. Thé
meanir|gful as a PD detection tool only if the voltage impulse
both polarities. The sensitivity of PD measurement depends o
same Way as for conventional PD measurement.

cal for
in the

A scheme of the test circuit is shown in Figure 7.

~L9
NN

(&

Voltage kV

NOTE

and charge accumulation for on twisted-pair sample

Supply Test object (Cg)

N Oscilloscope
Ca T or data logger

IEC 547/06

Figure 7 — Charge measurements
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5.3 Source-controlled gating techniques

An alternative method to suppress the impulse voltage is to gate the PD signal electronically
(from any of the above detectors) so that the signal is blocked from being displayed or
registered for the duration of the initial portion of the short rse time of the impulse (Figure 8).
With this method, any PD occurring during the initial part of the impulse rise time will not be
detected. Hence, only PD occurring after the supply voltage commutation transient will be
recorded.

Test

et
UDJETT

Supply

Divider

Filter

Logic
circuit

Supply voltage

IEC 548/06

-
]
=}
(2}
74
o
c
=
(2]
(1]

1
(2}
o
=}
[
=
o
o
o

«Q
(Y
=
=}

Q

6 Display method

and the largest\peg Mude”at a specified test voltage as well as the test
conditipns should bHe g’be pointed out that PD magnitude is only a felative
measu i t RD”pulses are attenuated and distorted when they travel
from th

The regults of a 3 3 RPDEV. In addition, the PD pulse repetitipn rate

The PI e coupler and detection system can be recorded on g digital
oscillos gnitude analyser. For oscillographic display, the PD output is
normal Ko d=x hannel, while a reduced magnitude version of the applied impulse
voltagqg i another channel (Annex A). The magnitudes of the PD pulses ps well
as the temporal pesition in which they occur with respect to the impulse voltage are re¢orded.

Note tfrat the retrigger rate of most oscilloscopes is limited to <50 per second, so that the
majorit/ of PD and \/nlfngp impnlcpc may not he dieplnynd

Electronic pulse magnitude analysers can be used to measure the magnitude of the PD
pulses and their repetition rate (see 4.4 of IEC 60270:2000).
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7 Sensitivity of PD measurement

The RPDIV and RPDEV, as well as, in general, PD-associated quantities, depend on the
sensitivity of the measuring system to PD and how well the PD pulses can be distinguished
from other electrical interference or noise (such as the residual signal from the voltage
impulse itself). Thus the sensitivity of the PD measuring system shall be assessed and
recorded. The sensitivity is measured in mV.

NOTE 1 The PD is not measured in pC, since the procedure of IEC 60270 cannot be used for UWB PD detection
systems (integration of the pulse current to yield the apparent charge cannot be performed as indicated in
IEC 60270).

PD sersitivity and effect of noise may be assessed in steps, as follows:

Step 1] Sensitivity measurement

Measufte the PD detector output with a suitable electronic impu}s e i n be a
low-voltage generator) connected to a capacitor having capaci ance e object.
The imtulse should have a rise time that is less than 1/f, whe o cy limit
of the fetection system. For example, if the upper cut-of B¢ BD measurement

10 ns.
signal.

system| is 100 MHz, the electronic generator impulse
Measufe the minimum impulse voltage at which the
This is] in mV, the sensitivity of the PD testing dew

Step 2

Conne¢ the test object and the voltage impulse
supply X gasure the output of the PD detector
for thelinput voltage measu . e environment is thus measured, but
interfelence from switching devi imthe age i Ise supply is excluded.

Step 3] Testing device| nox

If possjble, repI Rj i D-free capacitance that has about the same high
frequency capacita asvthe test objeck: With the electronic pulse generator removad from

the cirg S d With an equivalent high frequency PD free capagitance
energiz age\i e o the expected maximum test voltage. On the oytput of
the PD 3 magnitude of the interference from the voltage impulse[supply
inmV.

The m ity in mV is the magnitude of the lowest amplitude detected|pulses
(in m while the minimum noise level (in mV) from either the envirpnment

(Step 4) orcthe in ence from the impulse voltage supply (Step 3) is the highest mgasured
under $tep.2 or 3. Both noise and sensitivity levels shall be reported in the test report.

NOTE 2 Step 3 may not be feasible if appropriate capacitors are not available. In such cases, reference should be
made to the results of Step 2.

For test objects having distributed equivalent impedance, such as motor and transformer
windings, propagation effects of PD pulses may cause strong attenuation of the high-
frequency components, thus only PD close to the measurement point may be observed.
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8 Test circuits

Typical test circuits are shown in Figures 1 to 8. The impulse supply should be as physically
close to the test object as possible, in order to prevent attenuation and dispersion of the
applied impulse due to the equivalent transmission parameters of the connecting leads. Earth
loops should be avoided.

The PD detector should be as close as possible to the test object, Since the PD is measured
with a UWB detection system, earthing of the test object should be made directly to the
impulse voltage supply, with leads as short as possible and with low inductance.

NOTE |t is recommended that lead lengths should not exceed 1 m.

9 Test procedures

The bgckground noise and detection limits shall first be measdred _usi res set
out in Clause 7.

The REDIV shall be measured using a stepwise procedu tage increase, and
¢ d. An example is to

) and to incregse the
eqUired, the impulse voltage is
e test. The maximum PD
pulse magnitude at the peak impulse\est i meagured. The maximum impulse
test va 3 ich~partial discharges in the test
arrangément display an average repetition rate 1 PD pulse for every 2 impulses (this
value is the RPDEV). The PDIV measure e _préceded by a conditioning pro¢edure,
if appropriate.

apply 3 voltage equal to 50 % of the expected RPDIV {o/the
voltagg in 5 % steps every minute until RPDIV i§ detee .
b D 1 .

10 Tgst report

The foljowing qt@”

- RPL
- part
- pea
- bac

- sensitivity

d-peak) test impulse voltage level;

- majimum (peak=

- ambiehi temperature and h||mir'|ify;

— operation time or time under stress of the test object;
— state of cleanliness of the test object (e.g. no cleaning, factory clean);

- the specifications of the impulse voltage reported in 4.4.2.
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Annex A
(informative)

Indications on the voltage impulse suppression action
required by the coupling device

A schematic example of the possible overlap of voltage impulse and PD pulse frequency
spectra is shown in F|gure A.1. The steeper the voltage |mpulse the Iarger the overlap area

betwee ppression
couplin i re A.2.
Impulse ign, H(f)

(being
filtering, the PD signal magnitude prevails on voltage impulse mag
of the PD detector. A broadband PD detector is generally requirg

t, after
vdwidth

Suggestions regarding the extent of impulse voltage attg voltage
magnitude and rise time, are reported in Figure A.3 3 t \atterquation depends on
voltagq impulse magnitude and rise time.

PD spectrum

20

requency

N

IEC 549/06

xample of overlap between voltage impulse
d PD pulse spectra (dotted area)

Malia ol PD spectrum
= Yoltage-impuise f
o | and PD spectra l
Frequency

IEC 550/06

Figure A.2 — Schematic example of voltage impulse and PD pulse spectra after filtering
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