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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote nternaf
cp-operation on all questions concerning standardization in the electrical and electronic fields. T,o this eng
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rej
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

pfeparation is entrusted to technical committees; any IEC National Committee interested in the Subject deal
ay participate in this preparatory work. International, governmental and non-governmentalorganizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatig
andardization (ISO) in accordance with conditions determined by agreement betweéet’ the two organizatio)

The formal decisions or agreements of IEC on technical matters express, as nearly.as possible, an internaf
cpnsensus of opinion on the relevant subjects since each technical committee has representation fro
interested IEC National Committees.

C Publications have the form of recommendations for international’use’ and are accepted by IEC Na
ommittees in that sense. While all reasonable efforts are made to“ensure that the technical content o
blications is accurate, IEC cannot be held responsible for the\way in which they are used or foi
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
nsparently to the maximum extent possible in their natiorial and regional publications. Any divergence bet
ahy IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

C itself does not provide any attestation of conformjty. Independent certification bodies provide confo
apsessment services and, in some areas, access. to)I[EC marks of conformity. IEC is not responsible fo
services carried out by independent certificationbedies.

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

o liability shall attach to IEC or its directors, employees, servants or agents including individual expertd
embers of its technical committees and IEC National Committees for any personal injury, property dama
ofher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
ekpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othern
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatio
indispensable for the correct application of this publication.

tention is drawn to the)possibility that some of the elements of this IEC Publication may be the subject of p
rights. IEC shall not be held responsible for identifying any or all such patent rights.
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IEC TS 61934 has been prepared by IEC technical committee 112: Evaluation and qualification
of electrical insulating materials and systems. It is a Technical Specification.

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

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

a) background information on the progress being made in the field of power electronics
) ) . . X . I the

ave

tion

or are source-controlled gating techniques to suppress external noise.

d) $ince the previous edition in 2011, there have been significant technical advances in|this
field as evidenced by several hundreds of publications. Consequgently, the Bibliography in
he 2011 edition has been deleted in this third edition.

The|text of this Technical Specification is based on the following documents:

Draft Report-@n voting

112/578/DTS 142/610/RVDTS

Fulllinformation on the voting for its approval can be found in the report on voting indicatgd in
the gbove table.

Thellanguage used for the development.of this Technical Specification is English.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developdd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availpble
at www.iec.ch/members_expefis/refdocs. The main document types developed by IEC|are
des¢ribed in greater detail at www.iec.ch/publications.

The|committee has decided that the contents of this document will remain unchanged unti| the
stahblility date indicated on the IEC website under webstore.iec.ch in the data related to| the
speg¢ific document, At this date, the document will be
e fleconfirmed,

e \ithdrawn,

o (eplaced by a revised edition, or

e amended.

IMPORTANT - The “colour inside” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Power electronics has been developed along with both control theory and semiconductor
technology. Switching is one of the essential features of power electronics control. For higher
efficiency and smoother operation, switching times of-the-tatest devices such as an insulated-
gate bipolar transistor (IGBT) tend to be shorter than microseconds. The introduction of wide
band gap devices, such as those based on silicon carbide, can result in transients with rise
times of the order of a few tens of nanoseconds. Such a short rise time-may can cause transient
overvoltage impulses or surges in systems. When the voltage impulses reach the breakdown
strength of an air gap, partial discharge (PD)-may can occur. In addition, the impulses are
repetitive from power electronics modulation such as pulse width modulation (D\/\II\/I) Since PD
may| can cause degradation of electrical insulation parts in the system, it is one of the\most
important parameters to be measured.

Thelfirst edition of IEC TS 61934 was issued in April 2006. Because of rapid deyvelopment in
this [field, the revision activity for the latest information was approved by TC 112-at their Berlin

medting in September 2006.-tn-addition-to-technicaland-editorialchanges;ptactical-experignce
obtgined-through-round-robin-test (RRT)-is-also-presented-in-Annex-C- The second editign of

IEC|TS 61934 was published in 2011. Owing to further advances in this\area, a revision of the
secqnd edition was commenced formally in 2019 and has resulted ja_this third edition.
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ELECTRICAL INSULATING MATERIALS AND SYSTEMS -
ELECTRICAL MEASUREMENT OF PARTIAL DISCHARGES (PD)
UNDER SHORT RISE TIME AND REPETITIVE VOLTAGE IMPULSES

that|occur in electrical insulation systems (EISs) when stressed by repetitive voltage impuflses
generated from-electronic power electronics devices.

Typical applications are EISs belonging to apparatus driven by power electrenics, such as
motors, inductive reactors—and—windmilt, wind turbine generators and the gawer electrgnics
modules themselves.

NOTE-4+ Use of this document with specific products-may can require the application,af ‘additional procedures|

NOTE 2 The pnrocedures—describedin—this technical-specification—are emerdingLtechnoloaies— Experienc an
NoOHE—Z—Hhe—PpH gufres—aescrpea—Hh—tstecniicar—spectHcatton—af mergihg—tecnhotogies—eExXperen ah

[oR

Excluded from the scope of this document are

- ;Inethods based on optical or ultrasonic PD detectiof;
i

elds of application for PD measurements whendstressed by non-repetitive impulse voltages
guch as lightning impulse or switching impulses from switchgear.

2 [Normative references

Thelfollowing documents are referred ta:in the text in such a way that some or all of their cortent
constitutes requirements of this document. For dated references, only the edition cited applies.
For [undated references, the latest edition of the referenced document (including |any
amgndments) applies.

t=oqeooed Lol copte) monbine slocidonl anehinoe

IEC|60270:2000, High-voltage test techniques — Partial discharge measurements

3 [Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

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

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

3.1

repetitive voltage impulse

voltage impulse which is used as test voltage for the evaluation of switching surges from power
electronics devices with a carrier or driven frequency
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partial discharge

PD

localized electric discharge that only partially bridges the insulation between conductors and
which can or cannot occur adjacent to a conductor

3.3

partial discharge pulse
current pulse in an object under test that results from a partial discharge occurring within the

obje
Note

circu

Note
signg

[SO
the

3.4
RPL

ct under test

1 to entry: The pulse is measured using suitable detector circuits, which have been introduced‘into thg
t for the purpose of the test.

2 to entry: A detector in accordance with the provisions of this document produces afcurrent or a vo
| at its output related to the PD pulse at its input.

JRCE: IEC 60270:2000, 3.2, modified — “or voltage” has been deleted, the second pa
Hefinition has been included in Note 1 to entry and Note 2 to entryhas been revised.]

v

repeétitive partial discharge inception voltage

mini

mum peak-to-peak impulse voltage at which more thahfive PD pulses occur on ten vol

implilses of the same polarity

Note

appli
explg

3.5
RPL

1 to entry: The RPDIV is a mean value for the specified test time and a test arrangement where the vo
bd to the test object is gradually increased from a value-at which no partial discharges can be detected. Fy
nation is mentioned in 8.

EV

repetitive partial discharge extinction voltage

max

imum peak-to-peak impulse voltage at which less than five PD pulses occur on ten vol

implilses of the same polarity

Note

appli
is mq

3.6
imp

1 to entry: The RPDEV is a“mean value for a specified test time and a test arrangement where the vg
bd to the test object gradually decreases from a voltage at which PDs have been detected. Further explan
ntioned in Clause 8.

luise voltage polarity

poldrity of thevapplied impulse voltage with respect to earth

HEQ

test

ltage

't of

age

[tage

rther

age

Itage
ation

3.7

unipolar impulse
repetitive voltage impulse, the polarity of which is either positive or negative

[SOURCE: IEC 62068:2013, 3.11, modified — “repetitive” has been added.]

3.8

bipolar impulse
repetitive voltage impulse, the polarity of which changes from positive to negative or vice versa
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3.9

impulse voltage repetition rate

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

3.10

impulse rise time

time for the voltage-impulse-to-go to rise from-0-%-te-100-% 10 % to 90 %

NOTE -Unless-otherwise-stated -this-is-estimated-as—1,25-times-the-time for the-voltage-to-rise-from-10-%to-90{%-
3.1

impulse decay time
timg interval between the instants at which the instantaneous value of an impulsé decregses
from a specified upper value to a specified lower value

Note|1 to entry: Unless otherwise specified, the upper and lower values are fixed at 90 %)and 10 % of the impulse
magrjitude.

3.12
implulse width
intefval of time between the first and last instants at which thelinstantaneous value of an impulse
readhes a specified fraction of impulse magnitude or a spegified threshold

3.13
impulse duty cycle
ratiq, for a given time interval, of the impulse width'to the total time

3.1
peak partial discharge magnitude
largest magnitude of any quantity related to PD pulses observed in a test object at a specified
voltage following a specified conditioning and test

Note|1 to entry: For impulse voltage(tests, the peak magnitude of the PD pulse is the largest repeatedly occyrring
PD magnitude.

[SOURCE: IEC 60270:2008, 3.4, modified — In the term “largest repeatedly occurring” has Qeen
replaced with “peak”(the definition has been revised and the Note to entry has been added.]

4 |Measurement of partial discharge pulses during repetitive, short rise-time
voltagé impulses and comparison with power frequency

4.1 Measurement frequency

IEC 60270 describes the methods employed to measure the electrical pulses associated with
PD in test objects excited by DC and alternating voltages up to 400 Hz. The methods used to
measure PD pulses when the test object is subjected to supply voltage impulses-have-to shall
be modified from the standard narrow-band and wide-band frequency methods described in
IEC 60270.

To measure the PD during repetitive short rise time voltage impulses, it is necessary to avoid
the induced current of the-excited impulse voltage. One technique is current or electromagnetic
wave measurement at ultra-high frequency, that is, higher than—that—ef the frequency
components associated with the impulse. Ultra-wide band (UWB) detection is often used with a
high-pass filter for the suppression of the relatively lower frequency components of the impulse
voltage. In principle, narrow-band measurement in the ultra-high frequency (UHF: 300 MHz to
3 GHz) region is also effective for the suppression of the impulse voltage.-The-ethermethod-is


https://iecnorm.com/api/?name=f321380601a8af6385568ed4ca4713f5

Partial disch

arge measurement methods in this frequency range are described in IEC TS 62478.

NOTE Measurements in accordance with IEC TS 62478 cannot be calibrated in relation to apparent charge in pC,

SO a

4.2

direct value-based comparison to measurements in accordance with IEC 60270 is not possible.

Measurement quantities

Measured quantities concern the RPDIV, the RPDEV, the peak partial discharge magnitude and
partial discharge pulse repetition rate.

The an —may can depend on measurement Sensitivity and measuren

circ

theyl depend on the test object and the pulse deformation from the discharge site“to
megsurement point.

In this document, and consistent with IEC TS 62478, PD readings are reported-in units of

In a
out

4.3
43.

Tes

it noise, therefore normalization, as indicated in Clause 7, is-needed necessary. Moreqg

| cases, a sensitivity evaluation of the measuring system is necessary and shall be ca
bccording to Clause 7.

Test objects
[ General

{ objects behave predominantly as inductive, capacitive or distributed equiv3

hent
ver,
the

mV.
ried

lent

impedances according to the voltage supply frequency content. For some test objects, whether

they are predominantly inductive, capacitive or distributed, impedances-may can depend on

PD
dist
and

clasgification is effective only for low-frequéeney, narrow-band measurements.

4.3.

Typ

4.3.

Typ

Hetection frequency range (not only on the voltage supply frequency). Test objects
flibuted behaviour have transmission line characteristics which-may can cause attenus
distortion of the PD pulses as the pulses-propagate through the test object. The follo

p Inductive test objects
ps of inductive test objects-may-Can include:

g$tator and rotor windings

inductive reactors

ransformer windings

:lhotorettes and\formettes: see-the lEC60034-series IEC 60034-18-1

B Capacitive test objects

bs of-Ccapacitive test objects-may can include:

the
with
tion
ving

twisted pairs of winding wire

capacitors

packaging of switching devices

power electronics modules and substrates

isolated heat sinks

main wall insulation models in stator coils and bars
printed circuit boards

optocouplers

4.3.4 Distributed impedance test objects

The following test objects-may can have distributed equivalent impedance properties:
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— cables

— busbars

— stator and rotor windings

— transformer windings

— turn insulation of stator and rotor windings

— bushings with capacitive voltage stress control.

4.4
4.4,

Volt
volt

4.4.

For
disc
spe

Voltage impulse generators

General

ge impulse generators used in this document shall generate short rise time andrepet
ge impulses with a low noise level. For a short rise time of impulses, semicondugtor dev
can be used for switching in addition to conventional sphere electrode gaps. For repef
Ises, the main capacitor shall be charged from a DC power supply in a shontperiod of t
ranges of rise time, repetition frequency and other parameters are described in 4.4.2.

rn voltage of a motor driven by a PWM phase voltage, a bipolat-repetitive voltage imp
ge is preferable. When a bipolar generator is hard to obtain’“a unipolar repetitive vol
Ise generator-may can be used.

PD measurements, voltage impulse generators shall suppress noise emission by mearn
cient electromagnetic shielding.

p Voltage impulse waveforms

he purpose of comparison between different insulating materials or design solutions, p4g
harge measurements can be performed\using appropriate voltage supply waveforms.
ification of the voltage impulse generator shall include amongst other factors:

pulse voltage rise time
pulse voltage polarity

pulse voltage repetition\rate
pulse voltage width

pulse duty cycle

mples are givenin Table 1. Rise times as short as 20 ns are exhibited by devices emplo
band gapssemiconductor materials, e.g. SiC or GaN.

Fable 1= Example of parameter values of impulse voltage waveform without load

tive
ices
tive
me.

polarity of successive voltage impulses is important for PD behaviour. To simulate the furn-

ulse
age

s of

rtial
The

ying

Characteristic Range
Rise time 0,04 0,02 uysto 1 us
Repetition rate 1 Hz to 10 000 Hz
Voltage impulse width 0,08 ps to 25 ps
Shape Square or triangular (preferred)
Polarity Unipolar or bipolar (preferred)

The voltage impulse waveform depends not only on the voltage impulse generator specification
but also on sample impedance. The voltage impulse waveform will change significantly with
load. The voltage impulse generator-needs—to shall be designed to deliver the required wave
shape to the load. As the capacitance of the sample increases, the rise time of the voltage
impulse increases in general.-On-the—other-hand; The inductive test object, or distributed
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equivalent impedance mentioned in 4.3.4, can cause damped oscillation after the voltage
impulse waveform in addition to the change of rise time. Examples of these distortions to the
waveform, due to variations in sample impedance, can be found in IEC TS 60034-27-5:2021,
4.2.2. It is important to check and record the waveform of the impulse voltage across the tested
electrical insulation, at the test object itself. In this case, it is strongly recommended that
impulse and PD waveforms are observed with a wide band oscilloscope with at least 100 MHz
bandwidth. It is noted that PD can occur during the voltage oscillation following the first impulse.

4.5 Effect of testing conditions
4.5.1 General

In gLneraI, PD-associated quantities-may can depend upon specific features of the impulse
waveform, for example the impulse rise time, the impulse decay time, the impulselrepet|tion
rate| the polarity and the number of oscillations in the impulse.

4.5.2 Effect of environmental factors

In general, PD-associated quantities-may can be affected by the following)factors:

- mperature

umidity

tmospheric pressure

pe of environment gas

— degree of contamination of the test object

NOTE PD phenomena-may can change with and exhibit lenger rise times in the case of high altitude, i.e., fower
presgure.

4.5.8 Effect of testing conditions and ageing

PD

pssociated quantities-may can be affected by

— yoltage distribution

- osition of PD occurrence

revious voltage applications as well as the time between voltage applications
peration time or time under stress of the test object

In addition, they—ray“can vary as ageing of the electrical insulation occurs, that is, dyring
opefation of the EIS:

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 impulse voltage increases in amplitude, greater suppression is required in order to
ensure that important PD pulse magnitudes are higher than the residual transmitted voltage
impulse on the output of the detector. Similarly, as the rise time of the applied impulse voltage
becomes shorter, the suppression shall be greater, due to the increased overlap of frequency
spectra of supply impulse and PD pulse (see Annex A). PD pulse coupling devices shall be
designed to ensure that important PD pulse magnitudes are higher than the residual transmitted
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voltage impulse on the output of the detector, or that the residual is clearly distinguishable f
the PD pulses.

rom

Annex A provides indications of the voltage impulse suppression action required by the coupling
device. Suggestions for the amount of supply voltage impulse suppression-needed necessary

as a function of impulse magnitude and rise time are given.

Examples of PD pulses extracted from a supply voltage impulse through filtering techniques
reported in Annex B.

5.2 1] uplin ion devic
5.2.1 Introductory remarks

PD current or voltage pulses in a test object can be detected either by means _gdf|high-vol
capacitors, high-frequency current transformers (HFCTs) or electromagnetic couplers

are

age
e.g.

antgnnae). The detectors, in conjunction with the rest of the measuring system, shall be pble

to slippress the impulse voltage to a magnitude less than that expected frem the PD pulse
usinjg appropriate filters).

Short low-inductance connections between the supply, the test object and the PD detector
reqdired, since the voltage impulses and PD pulses contain high-frequency components.

e.g.

are
The

implilse supply shall be as physically close to the test objeCt/as possible, in order to preyent
attepuation and dispersion of the applied impulse duge to the equivalent transmisgion

pardmeters of the connecting leads. Since the PD is measured with a UWB detection sys

em,

earthing of the test object shall be made directly to the*impulse voltage supply, with leadp as

shoft as possible and with low inductance. It is_ recommended that lead lengths should
excg¢ed 1 m.

Thelfollowing circuits are applicable for PD pulse detection.

5.2.p Coupling capacitor with multipole filter

not

A coupling capacitor with a voltage rating exceeding that of the expected applied impulse

voltage together with a filter that'strongly attenuates the test voltage impulses can be used.

The

filter shall have at least three poles and special measures to inhibit cross-coupling of the ipput

signfl to the output. The filter can be designed using passive or active filtering technology.
cou

The

ling capacitor is connected to the test object high-voltage terminal (Figure 1). Annex A

shoys a schematic (example of filter behaviour. Figure 2 reports an example of the ifeal

frequency spectra ‘off PD pulse and impulse voltage before and after filtering for an 8th o
filter. Note that\reéal filters distort the PD pulse shape and can introduce extra frequg
comfponents,

Test
Supply object
T
Z |:| Filter TPD Signa|

IEC

Figure 1 — Coupling capacitor with multipole filter

rder
ENCcy
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NOTE The impulse voltageirise time is 50 ns, the PD pulse rise time is 2 ns, the 8™ order filter with filter clit-off
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Figure 2<Example of voltage impulse and ideal PD pulse frequency spectra
before and after filtering
5.2.8 HFCT with multipole filter
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n FrrC1toge
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Ise

voltage. Note that HFCTs-may can have a very wide range of upper cut-off frequencies that
may can affect the performance of this method, especially with impulse voltage rise times
< 100 ns. The HFCT shall have a higher cut-off frequency than the voltage impulse frequency.
The filter shall 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 shall 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 low-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
m Test
Supply I object
Voltage Filter TPD signal
impulse
with PD

5.2.

IEC

Figure 3 — HFCT between supply and test object with multipole filter

Test
object

Supply

Filter

TPD signal
HFCT

I

IEC
Figure 4 — HFCT between test object andearth with multipole filter

1 Electromagnetic couplers

Antenna-type couplers can be used to separate impulses from the supply from PD origingting

in the test object (Figure 5).

Vari
disc
the

An (

harge site in the test object. kér the separation of the PD signal from the impulse volt
couplers shall have suitable\frequency characteristics.

pus antenna-type couplers can be\used to detect an electromagnetic signal from the pgrtial

hge,

ltra-wide band (UWB) coupler can detect a PD signal with impulse noise. To suppresq the

implilse voltage, an electromagnetic-near-field coupler with a fixed coupling impedance td the

lead

Exa

from the impulsé€ supply to the test object can be effective (Figure 5).

5.2.5

mples of noise‘levels of electromagnetic PD couplers are provided in Annex D.
Test
Supply /%:—_I object
Antenna
Acquisition
system

IEC

Figure 5 — Circuit using an electromagnetic coupler (e.g. an antenna)
to suppress impulses from the test supply

Electromagnetic UHF antennae

Alternatively, an electromagnetic-eouplter UHF antenna can detect the radiated electromagnetic
signals propagating through free space from the PD site in the test object (Figure 6). If the
antenna has UWB characteristics including lower frequency component of voltage impulses, a
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filtering function is necessary to suppress the residual signal inside the acquisition system.

Some double-ridged guide antennae (horn antennae) have a cut

off frequency above 0,5 GHz

which-need-ne do not require filters. UHF antennae with narrow-band characteristics, the centre

frequency of which is higher than those of voltage impulse also do not-need require a filter for

the same reason. Note that the coupling efficiency will depend on the distance between the PD
site and the antenna as well as the presence of any metallic shielding between the PD site and

the antenna.
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Supply J object
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————@ _T
Filter PD signal

N
Logic A Enable/disable
circuit PD recording
Supply voltage signal
signal PR

IEC 840/11

6 |Measuring instruments

Thelresults of a PD test are the RPDIV and RPDEV. The PDpulse repetition rate, the largest
peak PD pulse magnitude at a specified test voltage and“\the test conditions-shal can be
megsured as well. It should be pointed out that PD magnitude is only a relative measure of PD
actiyity, given that PD pulses are attenuated and distorted when they travel from the sourde to
the measurement point.

The|PD signal output from the coupler and detection system can be recorded on a dipital
oscilloscope or pulse magnitude analyser..When using an oscilloscope, the PD outpyt is
normally displayed on one channel while a\sreduced magnitude version of the applied impplse
voltage is recorded on another channel (Annex B). The magnitudes of the PD pulses as we]l as
the {emporal position in which they ocgur with respect to the impulse voltage are recorded. Note
that|the retrigger rate of the oscilloscope is recommended to be higher than that of the impplse
voltage repetition rate.

Eledtronic pulse magnitude‘\anhalysers can be used to measure the magnitude of the PD pujses

and[their repetition rate+«see4-4-of HEC-60270:2000).

Typical test circuits_are shown in Figure 1 to-Figure-9 Figure 6.

7 [Sensitivity check of the PD measuring equipment and high voltage sourcg
generator

7.1 L—General

The RPDIV, RPDEV and 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 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).

7.2 Test diagram for sensitivity check

A sensitivity check of a PD measuring system is performed using the test diagram shown in
Figure 7. The output of the PD detector is measured step by step with different combinations of
the low-voltage pulse generator (LVPG) and high-voltage impulse generator (HVIG) connected
to a test object.


https://iecnorm.com/api/?name=f321380601a8af6385568ed4ca4713f5

IEC TS 61934:2024 RLV © IEC 2024 -19 -

Pulse waveform from the LVPG shall be selected with respect to both the original PD pulses
and the frequency limit of the detecting system. The rise time of the pulse waveform-may can
be selected around 1/f, where f is the upper frequency limit of the PD detection system. For
example, if the upper cut-off frequency of the PD detection system is 100 MHz, the rise time of
LVPG-may can be less than 10 ns.

The location where the LVPG is connected to the circuit of the test object-shall can be-cleared
used as injection point. For test objects having distributed equivalent impedance, such as motor
and transformer windings, the propagation effects of PD pulses—may can cause strong
attenuation of the high-frequency components, thus only PD close to the measurement point

may- can be observed.

PD s$ensitivity and the effect of noise-may can be assessed in steps, as addressed inykigure 7
and|7.3 to 7.5:
Low-voltage Test object Sensors
pulse generator L o o] > and
(LVPG) A (injection point) PD/detector
B ii/
Output
High-voltage
Powelr o—— impulse generator
SUPPY c (HVIG)
IEC
A B Cc Subclauge
PD |detection sensitivity check Closed Opened and Opened 7.3
Closed
Badkground noise check Closed Closed Opened 7.4
Detpction system noise check Opened Closed Closed 7.5

Figure 7 — Test diagram for sensitivity check

7.3 | PD detection’sensitivity check

Disdonnect the. HVIG from the test object and measure the output of the PD detector while
increasing-the output of the LVPG. Measure the minimum output voltage of the LVPG at which
the PD,detector shows a detectable signal. This is the sensitivity of the PD detection system.

7.4 Background noise check

Connect the unenergized HVIG to the test object and measure the output of the PD detector
while increasing the output of the LVPG. Measure the minimum output voltage of the LVPG at
which the PD detector shows a detectable signal. This is the background noise of the PD
detection circuit.

7.5 Detection system and HVIG noise check

Disconnect the LVPG and apply the voltage impulse of the HVIG to the test object. Measure
the output of the PD detector under PD-free conditions. For example, replace the test object
with a PD-free capacitance that has about the same high-frequency capacitance as the test
object. Record the output of the PD detector with voltage impulse used for the PD measurement.
This is the detection system noise, or residual of the HVIG.
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NOTE |Itis possible that the test described in 7.5-may will not be feasible if appropriate capacitors are not available.
In such cases, reference-sheuld can be made to the results of 7.3.

7.6  Sensitivity report

PD sensitivity is presented as the relation between the outputs of the LVPG and HVIG. An
example of the possible behaviour of PD sensitivity is shown in Figure 8.

_____________________________________ }/___ __ Detectable signal
leveHr—75

Output of the PD detector

Detectable signal
level in 7.4

"""" level in 7.3

]
]
'
'
'
i
i
i Detectable signal
A
i
'
i
1

Y

PD detection Background PD detection
sensitivity noise system noise

in7.3 in7.4 in7.5
IEC

Figure 8 — Example of relation between the outputs of LVPG and PD detector

8 [Test procedure for increasing@nd decreasing the repetitive impulse voltage
magnitude

The[background noise and detection limits shall first be measured using the procedures sef out
in Jlause 7. For PDIV, PDEV, RPDIV and RPDEV measurements, the voltage amplitude of
repgtitive impulse shall fise continuously or step-by-step with a low voltage and then fall. One
method, known as the\step-by-step (SBS) method, for determining the PDIV, RPDIV, RPDEV
and[PDEV is as foltows (Figure 9):

— Decide minimum and maximum impulse voltages, voltage step, number of impulses jwith
$ame magnitude and repetition frequency before the test.

— \iththeé preliminary test the minimum voltage shall be selected as no PD is detected.

— Withthe preliminary test the maximum voltage shall be selected as every voltage impulse
causes PBputses:

— Set a voltage impulse generator with the parameters mentioned above, if necessary.

— Start the repetitive impulse of the minimum voltage.
— Repeat the repetitive impulse with increased voltage steps successively.
— PDIV is the impulse voltage when the first PD pulse is detected.

— RPDIV is the minimum impulse voltage when a mean of five PD pulses occurs on ten voltage
impulses of the same polarity. When less than ten impulses are tested with the same voltage,
the ratio of PD pulses to voltage impulses-may can be used.

— After maximum voltage the repetitive impulses fall with a decreased voltage step.

— RPDEV is the maximum voltage at which a mean of five PD pulses occurs on ten voltage
impulses of the same polarity.
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— PDEV is the impulse voltage when no PD pulse is detected.

Other methods of determining these quantities are also possible.

Generally, PD activity is unstable around either the inception or extinction voltage or both. So
RPDIV and RPDEV are recommended with an averaging treatment of unstable PD pulse
behaviour. Nevertheless, experience suggests there can still be some scattering. In order to
suppress the scattering, improvement of SBS parameters can be effective. For example, large
numbers of impulses and low increments/decrements in voltage can lead to mare stable resylts.
At Igast five repeated RPDIV and RPDEV measurements are recommended. See Annex\(¢ for
pradtical examples.
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Figure 9 — Example of increasing and decreasing the impulse voltage magnitude
9 Testreport

The following quantities shall be reported:

PD sensitivity level (see Clause 7)
background noise level

detection system noise level

RPDIV, RPDEV and minimum PD detection

level in mV
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— parameters of applied voltage impulses reported in Clause 8
— shape of the impulse voltage with load reported in 4.4.2
— testing conditions reported in 4.5.2 and 4.5.3.

Reporting of the following parameters is optional:

peak partial discharge magnitude at a specified applied voltage

maximum (peak-to-peak) test impulse voltage level

operation time or time under stress of the test object

— ¢$late of Cleanliness oOf the teSt objecCt (e.g. no Cleaning, ractory shipment cleanliness)
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Annex A
(informative)

Voltage impulse suppression required by the coupling device

A schematic representation of the possible overlap of voltage impulse and PD pulse frequency
spectra is shown in Figure A.1. The steeper the voltage impulse the larger the overlap area
between the two spectra. The cut-off frequency for an optimal voltage impulse suppression
coupling device is indicated in Figure A.1. The action of a filter is displayed in Figure A.2.
Impulse voltage and PD pulse magnitude are damped by the filter transfer function, H(f), f being

the
the
PD

Aty
and
mag

requency. The filter cut-off frequency should be selected in such a way that, after filte

jetector. A broadband PD detector is generally required for this purpose.

pical example of acceptable impulse voltage attenuation as a function of vpltage magni
rise time is reported in Figure A.3. Note that attenuation depends on the.Voltage imp
nitude and the rise time.

m
S A Voltage impulse
spectrum

Coupler lowercut-off
~a—  frequencyito be above
this criticalfrequency
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IEC

Figure A.1 — Example“of overlap between voltage impulse
and PP, pulse spectra (dotted area)
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ing,

PD signal magnitude exceeds the voltage impulse magnitude within the bandwidth of the

ude
ulse

Figure A.2 — Example of voltage impulse and PD pulse spectra after filtering
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Annex B
(informative)

PD pulses extracted from a supply voltage impulse
through filtering techniques

A typical example of PD pulses occurring during a supply voltage commutation transient for a
square bipolar generator feeding a 400 V, 1 kW motor is shown in Figure B.1 and Figure B.2.
In Figure B.1 the recorded signal is predominantly noise due to impulse supply voltage

switching. Figure B.2 is obtained using an antenna as a coupling device and a high-pass

filter

(fouf poles), with the cut-off frequency at 400 MHz. The filtered signal is predominantly\3
generated inside the test object where the supply voltage commutation has |
ressed effectively through filtering. Figure B.3 is the example of the attenuation<achig
an 8th order filter with the cut-off frequency at 400 MHz.
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0,15

0,1

0,05

-0,05

-01

-0,15

ould be noted that, in the absence of filtering, PD pulses cannot be detected as they

Measured signal (V)

IEC

PD
een
ved

are



https://iecnorm.com/api/?name=f321380601a8af6385568ed4ca4713f5

IEC TS 61934:2024 RLV © IEC 2024 - 27 -
800
600 - - 0,04
400 - Residual noise
PD pulses r 002
S 200 >
o (0]
g g
) 0+ -0 Q
- O
z 5
Q. =
& -200 L
- -0,02
-400
~600 4 —— Square bipolar 10 kHz applied voltage
——— Filtered signal - -0,04
-800 T T T T T 7
-2 -1 0 1 2 3 4 5
Time (us) IEC

Figure B.2 — Signal detected by an antenna{from the record

of Figure B.1, using a filtering technique (400. MHz high-pass filter)
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Annex C
(informative)

Results of round-robin tests of RPDIV measurement

Round robin tests for RPDIV measurement were carried out with common sample and common
voltage impulse pattern from 2008 by six members of IEC TC 112. The following are the test
conditions and some of the test results.

res.
airs
werg¢ measured ten times and the hundred RPDIV data were normalized with tempetrature|and
air gressure on a common data sheet template.

A vgltage impulse was used having a triangular waveform with 0,1 ps in rise ¢ime and 3 ms in
decay time. Ten voltage impulses with the same amplitude were generated|with an interval of
20 ms. After a 100 ms pause, the amplitude of the impulse voltage was raised by 10 V and the
ten jmpulses were applied as shown in Figure C.1. The amplitude started from 1,0 kV ujp to
2,0 kV. Even after PD was initiated, the sequence of impulses was~continued up to 2 kV.[The
seqlience of impulses was repeated ten times for each sample.

LI 2B

et

0,5 kV

100 ms
|t—|

IEC

Figure C.1 + Sequence of negative voltage impulses used for RRT
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llses are shown in the bottom and voltage impulses in the top and of the figuFes

Figure C.2 — PD pulses corresponding to voltage impulses

re C.2 shows PD pulses detected with an UHFEDnharrow-band antenna
bsponding to the sequence of voltage impulses. Figure C.3 shows the variation of
halized RPDIV (NRPDIV) with relative humidity.during the test from the six members.
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(informative)

Examples of noise levels of practical PD detectors

Table D.1 shows examples of the PD detector output voltage of background noise levels of
practical sensors used to detect PD during fast rise time voltage surges. All of these sensors
are of the electromagnetic coupler type (5.2.4). Table D.1 also shows examples of magnitudes

of PD detector output when each sensor detects PD. These detected PD levels depend on how
closg the antennae are to the PD site, and in the case of couplers, the effective capacitahge of
the fest object. The severity of the PD will also influence the detected magnitude for all types
of sg¢nsors. Thus actual detected PD magnitudes-may can vary widely.
Table D.1 — Examples of bandwidths and noise levels for practical PD-sensors
Detection Frequency Typical background Typical detected FD
system type range noise level magnitudes
Micfowave patch antenna 18 1,6 GHz £ 200 MHz 7 pv > 50 mV
Dirgctional electromagnetic 100 MHz to 1 000 MHz 10 mY > 100 mV
coupler
Spifal UHF antenna 700 MHz to 1 000 MHz 5 uV 1010 pVv > 100 pVv
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This

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote nternaf
p-operation on all questions concerning standardization in the electrical and electronic fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rej
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

eparation is entrusted to technical committees; any IEC National Committee interested in the Subject deal
ay participate in this preparatory work. International, governmental and non-governmentalorganizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatig
tandardization (ISO) in accordance with conditions determined by agreement betweéet’ the two organizatiol

he formal decisions or agreements of IEC on technical matters express, as nearly.as possible, an internaf
bnsensus of opinion on the relevant subjects since each technical committée has representation fro
terested IEC National Committees.

EC Publications have the form of recommendations for international/use’ and are accepted by IEC Na
ommittees in that sense. While all reasonable efforts are made to“ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for the\way in which they are used or foi
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their nationial and regional publications. Any divergence bet
hy IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

EC itself does not provide any attestation of conformity. Independent certification bodies provide confog
Esessment services and, in some areas, access. to) IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certificationsbedies.

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

o liability shall attach to IEC or its directors, employees, servants or agents including individual expertd
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
kpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatio
dispensable for the correct application of this publication.

ttention is drawn to thepossibility that some of the elements of this IEC Publication may be the subject of p
phts. IEC shall not be held responsible for identifying any or all such patent rights.
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titutes a technical revision

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

editi

on:

a) background information on the progress being made in the field of power electronics
including the introduction of wide band gap semiconductor devices has been added to the

ntroduction;

b) voltage impulse generators; the parameter values of the voltage impulse waveform have
been modified to reflect application of wide band gap semiconductor devices.

c) PD detection methods; charge-based measurements are not described in this third edition
nor are source-controlled gating techniques to suppress external noise.
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d) Since the previous edition in 2011, there have been significant technical advances in this
field as evidenced by several hundreds of publications. Consequently, the Bibliography in
the 2011 edition has been deleted in this third edition.

The text of this Technical Specification is based on the following documents:

Draft Report on voting
112/578/DTS 112/610/RVDTS
Full information on the \/nting for its npprn\/al can be found in the report on \/nfing indicated in
the gbove table.
Thellanguage used for the development of this Technical Specification is English.
Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developdd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availpble
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
des¢ribed in greater detail at www.iec.ch/publications.
The|committee has decided that the contents of this document will'remain unchanged unti| the
stahbjlility date indicated on the IEC website under webstoreec/ch in the data related to| the
speg¢ific document. At this date, the document will be
e 1feconfirmed,
e \ithdrawn,
e 1leplaced by a revised edition, or
e amended.
IMPORTANT - The “colour inside”’logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of|its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Power electronics has been developed along with both control theory and semiconductor
technology. Switching is one of the essential features of power electronics control. For higher
efficiency and smoother operation, switching times of devices such as an insulated-gate bipolar
transistor (IGBT) tend to be shorter than microseconds. The introduction of wide band gap
devices, such as those based on silicon carbide, can result in transients with rise times of the
order of a few tens of nanoseconds. Such a short rise time can cause transient overvoltage
impulses or surges in systems. When the voltage impulses reach the breakdown strength of an
air gap, partial discharge (PD) can occur. In addition, the impulses are repetitive from power
electronics modulation such as pII|Qn width modulation (D\I\II\/I) Since PD cancause dngrad'tion
of electrical insulation parts in the system, it is one of the most important parameters \t¢p be
megsured.

Thelfirst edition of IEC TS 61934 was issued in April 2006. Because of rapid deyvelopment in
this [field, the revision activity for the latest information was approved by TC 112-at their Berlin
medting in September 2006. The second edition of IEC TS 61934 was published in 2011. Oying
to fyrther advances in this area, a revision of the second edition was commenced formally in
2019 and has resulted in this third edition.
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ELECTRICAL INSULATING MATERIALS AND SYSTEMS -
ELECTRICAL MEASUREMENT OF PARTIAL DISCHARGES (PD)
UNDER SHORT RISE TIME AND REPETITIVE VOLTAGE IMPULSES

q

2

The
cong
For

brated from power electronics devices.

cal applications are EISs belonging to apparatus driven by power electrenics, suc
brs, inductive reactors, wind turbine generators and the power elec¢tronics mod
nselves.

F Use of this document with specific products can require the application of additional procedures.

uded from the scope of this document are

- :Inethods based on optical or ultrasonic PD detection,
i

elds of application for PD measurements when stressed.by non-repetitive impulse volta

guch as lightning impulse or switching impulses from switchgear.

Normative references

following documents are referred to in thedext in such a way that some or all of their con
titutes requirements of this document. For dated references, only the edition cited app
undated references, the latest ,edition of the referenced document (including

amgndments) applies.

IEC

3

For

ISO
add

60270, High-voltage test techniques — Partial discharge measurements

Terms and definitions
the purposes of this document, the following terms and definitions apply.

and IEC\maintain terminology databases for use in standardization at the follo
esses:

Ises

as
les

ges

tent
es.
any

ving

EC/Electropedia: available at https://www.electropedia.org/

3.1

SO Online browsing plattorm: available at https://www.1so.org/obp

repetitive voltage impulse
voltage impulse which is used as test voltage for the evaluation of switching surges from power

elec

3.2

tronics devices with a carrier or driven frequency

partial discharge

PD

localized electric discharge that only partially bridges the insulation between conductors and
which can or cannot occur adjacent to a conductor
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3.3

partial discharge pulse

current pulse in an object under test that results from a partial discharge occurring within the
object under test

Note 1 to entry: The pulse is measured using suitable detector circuits, which have been introduced into the test
circuit for the purpose of the test.

Note 2 to entry: A detector in accordance with the provisions of this document produces a current or a voltage
signal at its output related to the PD pulse at its input.

[SOURCE: IEC 60270, 3.2, modified — “or voltage” has been deleted, the second part of the
defipition has been included in Note 1 to entry and Note 2 to entry has been revised.]

3.4
RPDIV

repeétitive partial discharge inception voltage
minimum peak-to-peak impulse voltage at which more than five PD pulses ogcuf on ten volfage
implilses of the same polarity

Note|1 to entry: The RPDIV is a mean value for the specified test time and a test arrangement where the voJtage
applipd to the test object is gradually increased from a value at which no partial disCharges can be detected. Frther
explgdnation is mentioned in 8.

3.5
RPDEV

repetitive partial discharge extinction voltage
maximum peak-to-peak impulse voltage at which less than five PD pulses occur on ten volfage
implilses of the same polarity

Note|1 to entry: The RPDEV is a mean value for a specified test time and a test arrangement where the voltage
applipd to the test object gradually decreases from awoltage at which PDs have been detected. Further explanfation
is mgntioned in Clause 8.

3.6
impulse voltage polarity
poldrity of the applied impulse voltage with respect to earth

3.7
unigolar impulse
repqtitive voltage impulse, the polarity of which is either positive or negative

[SOURCE: IEC 62068:2013, 3.11, modified — “repetitive” has been added.]

3.8
bipglar impulse
repgtitive voltage impulse, the polarity of which changes from positive to negative or vice versa

3.9

impulse voltage repetition rate

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

3.10
impulse rise time
time for the voltage to rise from 10 % to 90 %

3.1

impulse decay time

time interval between the instants at which the instantaneous value of an impulse decreases
from a specified upper value to a specified lower value
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1 to entry: Unless otherwise specified, the upper and lower values are fixed at 90 % and 10 % of the impulse
magnitude.

impulse width
interval of time between the first and last instants at which the instantaneous value of an impulse
reaches a specified fraction of impulse magnitude or a specified threshold

3.13

impulse duty cycle
ratio, for a given time interval, of the impulse width to the total time

3.14

peak partial discharge magnitude
largest magnitude of any quantity related to PD pulses observed in a test object,atya spec
voltage following a specified conditioning and test

Note
PD n

agnitude.

fied

1 to entry: For impulse voltage tests, the peak magnitude of the PD pulse is the largest repeatedly occyrring

[SOURCE: IEC 60270, 3.4, modified — In the term “largest repeatedly occurring” has RQeen
replaced with “peak”, the definition has been revised and the Noté.to’entry has been adde

4

4.1

IEC
PD
medg

Measurement of partial discharge pulses during repetitive, short rise-time
voltage impulses and comparison with power frequency

Measurement frequency

60270 describes the methods employed tosmeasure the electrical pulses associated

sure PD pulses when the test object“is subjected to supply voltage impulses shal

modified from the standard narrow-band and wide-band frequency methods describe
IEC|60270.
To measure the PD during repetitive short rise time voltage impulses, it is necessary to a

the

megsurement at ultra-high frequency, that is, higher than the frequency components associ

with

suppression of the refatively lower frequency components of the impulse voltage. In princ

narr,
effe
in th

NOT
so a

pw-band measUrement in the ultra-high frequency (UHF: 300 MHz to 3 GHz) region is

is frequency-range are described in IEC TS 62478.

F  Measurements in accordance with IEC TS 62478 cannot be calibrated in relation to apparent charge i
Hirgctwalue-based comparison to measurements in accordance with IEC 60270 is not possible.

.1

with

n test objects excited by DC and alternating voltages up to 400 Hz. The methods usgd to

I be
d in

void

nduced current of the impulse voltage. One technique is current or electromagnetic wave

ated

the impulse. Ultra-wide band (UWB) detection is often used with a high-pass filter for the

ple,
also

ctive for the _Suppression of the impulse voltage. Partial discharge measurement methods

h pC,

4.2

Measurement quantities

Measured quantities concern the RPDIV, the RPDEV, the peak partial discharge magnitude and
partial discharge pulse repetition rate.

The RPDIV and RPDEV can depend on PD measurement sensitivity and measurement circuit
noise, therefore normalization, as indicated in Clause 7, is necessary. Moreover, they depend
on the test object and the pulse deformation from the discharge site to the measurement point.

In this document, and consistent with IEC TS 62478, PD readings are reported in units of mV.
In all cases, a sensitivity evaluation of the measuring system is necessary and shall be carried
out according to Clause 7.
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4.3 Test objects
4.3.1 General

Test objects behave predominantly as inductive, capacitive or distributed equivalent
impedances according to the voltage supply frequency content. For some test objects, whether
they are predominantly inductive, capacitive or distributed, impedances can depend on the PD
detection frequency range (not only on the voltage supply frequency). Test objects with
distributed behaviour have transmission line characteristics which can cause attenuation and
distortion of the PD pulses as the pulses propagate through the test object. The following
classification is effective only for low-frequency, narrow-band measurements.

4.3.2 Inductive test objects
Types of inductive test objects can include:

— gtator and rotor windings

— inhductive reactors
— ftransformer windings
- otorettes and formettes: see IEC 60034-18-1

4.3.3 Capacitive test objects
Typés of capacitive test objects can include:

— 1fwisted pairs of winding wire
— ¢apacitors
— packaging of switching devices
1ower electronics modules and substrates

— isolated heat sinks

- ain wall insulation models in stator’'coils and bars
rinted circuit boards

— ¢ptocouplers
4.3.4 Distributed impedance test objects
Thelfollowing test objetts can have distributed equivalent impedance properties:

- ables
— lusbars

— gtatorand rotor windings

- qransformer windings

— turn insulation of stator and rotor windings
— bushings with capacitive voltage stress control.

4.4 Voltage impulse generators
4.4.1 General

Voltage impulse generators used in this document shall generate short rise time and repetitive
voltage impulses with a low noise level. For a short rise time of impulses, semiconductor devices
can be used for switching in addition to conventional sphere electrode gaps. For repetitive
impulses, the main capacitor shall be charged from a DC power supply in a short period of time.
The ranges of rise time, repetition frequency and other parameters are described in 4.4.2.
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The polarity of successive voltage impulses is important for PD behaviour. To simulate the turn-
to-turn voltage of a motor driven by a PWM phase voltage, a bipolar repetitive voltage impulse
voltage is preferable. When a bipolar generator is hard to obtain, a unipolar repetitive voltage
impulse generator can be used.

For PD measurements, voltage impulse generators shall suppress noise emission by means of
sufficient electromagnetic shielding.

4.4.2 Voltage impulse waveforms

z|osrc arge measurements can be performed using appropriate voltage supply waveforms, 'rl'tfl1aeI
spegification of the voltage impulse generator shall include amongst other factors:
— impulse voltage rise time

— impulse voltage polarity

— impulse voltage repetition rate

— impulse voltage width

— impulse duty cycle

Examples are given in Table 1. Rise times as short as 20 ns are(exhibited by devices employing
wide band gap semiconductor materials, e.g. SiC or GaN.

Fable 1 — Example of parameter values of impulse voltage waveform without load

Characteristic Range
Rise time 0,02'us to 1 s
Repetition rate 1Hz to 10 000 Hz
Voltage impulse width 0,08 ps to 25 us
Shape Square or triangular (preferred)
Polarity Unipolar or bipolar (preferred)

Thelvoltage impulse waveform depends not only on the voltage impulse generator specificgtion
but plso on sample impedance. The voltage impulse waveform will change significantly jwith
load. The voltage impulse generator shall be designed to deliver the required wave shape to
the Joad. As the capacitance of the sample increases, the rise time of the voltage imppulse
incr¢ases in generdl. The inductive test object, or distributed equivalent impedance mentigned
in 4[3.4, can_cause damped oscillation after the voltage impulse waveform in addition tg| the
chanpge of rise'time. Examples of these distortions to the waveform, due to variations in sample
cord
ject
'ved
with a wide band oscilloscope with at least 100 MHz bandwidth. It is noted that PD can occur
during the voltage oscillation following the first impulse.

4.5 Effect of testing conditions
4.5.1 General

In general, PD-associated quantities can depend upon specific features of the impulse
waveform, for example the impulse rise time, the impulse decay time, the impulse repetition
rate, the polarity and the number of oscillations in the impulse.
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4.5.2 Effect of environmental factors
In general, PD-associated quantities can be affected by the following factors:

— temperature

— humidity

— atmospheric pressure

— type of environment gas

— degree of contamination of the test object

NOTE PD phenomena can change and exhibit longer rise times in the case of high altitude, i.e., lower pressufe.

4.5.3 Effect of testing conditions and ageing

PD-gssociated quantities can be affected by

— vyoltage distribution

— position of PD occurrence
— previous voltage applications as well as the time between voltage ‘applications
— ¢peration time or time under stress of the test object

In agldition, they can vary as ageing of the electrical insulation’eccurs, that is, during opergtion
of the EIS.

5 [|PD detection methods

5.1 General

Any|PD pulse detection system where the test object is excited by voltage impulses reqyires
strohg 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 procesging
by the detection system that is greater than the residual transmitted voltage impulse. |The
amgunt of impulse voltage suppression required will be dependent on the test voltage and the
rise(time of the impulse.

As fhe impulse voltagetincreases in amplitude, greater suppression is required in ordgr to
enslire that important~"PD pulse magnitudes are higher than the residual transmitted voliage
implilse on the outputof the detector. Similarly, as the rise time of the applied impulse volfage
becomes shorter\the suppression shall be greater, due to the increased overlap of frequgncy
spe¢tra of supply impulse and PD pulse (see Annex A). PD pulse coupling devices shall be
designed tolensure that important PD pulse magnitudes are higher than the residual transmitted
voltage inmipulse on the output of the detector, or that the residual is clearly distinguishable from
the PD’pulses.

Annex A provides indications of the voltage impulse suppression action required by the coupling
device. Suggestions for the amount of supply voltage impulse suppression necessary as a
function of impulse magnitude and rise time are given.

Examples of PD pulses extracted from a supply voltage impulse through filtering techniques are
reported in Annex B.

5.2 PD pulse coupling and detection devices
5.2.1 Introductory remarks

PD current or voltage pulses in a test object can be detected either by means of high-voltage
capacitors, high-frequency current transformers (HFCTs) or electromagnetic couplers (e.g.
antennae). The detectors, in conjunction with the rest of the measuring system, shall be able
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to suppress the impulse voltage to a magnitude less than that expected from the PD pulse (e.g.
using appropriate filters).

Short low-inductance connections between the supply, the test object and the PD detector are
required, since the voltage impulses and PD pulses contain high-frequency components. The
impulse supply shall 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. Since the PD is measured with a UWB detection system,
earthing of the test object shall be made directly to the impulse voltage supply, with leads as
short as possible and with low inductance. It is recommended that lead lengths should not

exc

ed 1 m.

The

5.2.
Ac

voltage together with a filter that strongly attenuates the test voltage impulses can be used.

filte

cou
sho
freq

filter.

com,

signfl to the output. The filter can be designed using passive or actjve filtering technology.

following circuits are applicable for PD pulse detection.

p Coupling capacitor with multipole filter

bupling capacitor with a voltage rating exceeding that of the expected -applied imp
shall have at least three poles and special measures to inhibit cress=coupling of the i
ling capacitor is connected to the test object high-voltage Aerminal (Figure 1). Ann
vs a schematic example of filter behaviour. Figure 2 reports an example of the i

lency spectra of PD pulse and impulse voltage before.and after filtering for an 8th g

ponents.

Test

Supply J object

N
Z |::| Filter TPD Signa|

IEC

Figure 1 — Coupling capacitor with multipole filter

ulse
The
nput
The
eX A
deal
rder

Note that real filters distort the PD pulse shape ‘and can introduce extra frequency
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a) Example of voltage impulse and ideal PD pulse b) Example of voltage impulse and.ideal PD pulse

NOT
frequ

5.2.
An H

voltage. Note that HFCTs can have a very widesrange of upper cut-off frequencies that

affe
HFQ

have at least three poles and special measures to inhibit cross-coupling of the input sign

the
can

(Fig
bres

conpected between the test object and earth (Figure 4). Only low-voltage insulation is

frequency spectra before filtering frequency spectra after filtering

E The impulse voltage rise time is 50 ns, the PD pulse rise time is 2 ns, the 8"harder filter with filter ¢
lency is equal to 500 MHz.
Figure 2 — Example of voltage impulse and ideal PD pulse frequency spectra
before and after filtering

B HFCT with multipole filter

IFCT, together with a filter, can be used to deteet'\PD pulses while suppressing the imp

ct the performance of this method, especially ' with impulse voltage rise times < 100 ns.
T shall have a higher cut-off frequency than'the voltage impulse frequency. The filter §

butput. The filter can be implementedWsing passive or active filtering technology. The H
be placed over the high-voltage:..Gable between the impulse supply and the test ol
re 3). In this case, the HFCT ‘shall have sufficient electrical insulation to ensure
kdown between the cable and:the HFCT does not occur. Alternatively, the HFCT ca

reqyired. The latter arrangement is effective, in general, only if the metallic enclosure of
test|object can be isolated from earth. Annex A shows a schematic example of filter behav
HFCT
Suppl u Test
PRl I object
Voltage Filter TPD signal
impulse
with PD

Lit-off

ulse
can
The
hall
bl to
FCT
ject
that
N be
hen
the
our.

IEC

Figure 3 — HFCT between supply and test object with multipole filter
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1 Electromagnetic couplers

nna-type couplers can be used to separate impulses from the supply from-PD origing
e test object (Figure 5).

bus antenna-type couplers can be used to detect an electromagnetic'signal from the p3

couplers shall have suitable frequency characteristics.

imp
the

Exa

5.2.

Alte
prog

Itra-wide band (UWB) coupler can detect a PD signal with 'impulse noise. To suppresg
Ise voltage, an electromagnetic coupler with a fixed coupling impedance to the lead |
mpulse supply to the test object can be effective (Figare 5).

mples of noise levels of electromagnetic PD coUplérs are provided in Annex D.
Test
Supply o | object
Antenna
Acquisition
system

IEC

Figure 5 — Circuit using an electromagnetic coupler (e.g. an antenna)
to suppress impulses from the test supply

b Electromagnetic UHF antennae

rnatively, an electromagnetic UHF antenna can detect the radiated electromagnetic sig
agating through free space from the PD site in the test object (Figure 6). If the antenna

ting

rtial

harge site in the test object. For the separation of the PD signal from the impulse voltage,

the
rom

hals
has

uw

B\Characteristics including lower frequency component of voltage impulses, a filtg

ring

function is necessary 1o suppress the residual signal inside the acquisition sysiem. Some
double-ridged guide antennae (horn antennae) have a cut-off frequency above 0,5 GHz which
do not require filters. UHF antennae with narrow-band characteristics, the centre frequency of
which is higher than those of voltage impulse also do not require a filter for the same reason.
Note that the coupling efficiency will depend on the distance between the PD site and the
antenna as well as the presence of any metallic shielding between the PD site and the antenna.
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Figure 6 — Circuit using an electromagnetic UHF antenna
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voltage is recorded on another channel (Annex B). The magnitudes of the PD pulses as we

the
that

voltage repetition rate.

Eled
and

Typ

7.1

The
syst]
orn
PD

Measuring instruments

results of a PD test are the RPDIV and RPDEV. The PD pulse repetition rate; the lar

PD pulse magnitude at a specified test voltage and the test conditions ¢an'be meas
ell. It should be pointed out that PD magnitude is only a relative measure of PD acti
n that PD pulses are attenuated and distorted when they travel from’the source to

PD signal output from the coupler and detection system_can be recorded on a di
loscope or pulse magnitude analyser. When using an- escilloscope, the PD outpt
hally displayed on one channel while a reduced magnijtude version of the applied imp

emporal position in which they occur with respect tg the impulse voltage are recorded. |
the retrigger rate of the oscilloscope is recommended to be higher than that of the imp

tronic pulse magnitude analysers can be used to measure the magnitude of the PD pu
their repetition rate.

cal test circuits are shown in Figure”1 to Figure 6.

Sensitivity check of the PD measuring equipment and high voltage source
generator

General

RPDIV, RPDEV and PD-associated quantities depend on the sensitivity of the measy
em to PD and*how well the PD pulses can be distinguished from other electrical interferg
bise (suchyas the residual signal from the voltage impulse itself). Thus the sensitivity o
measuring system shall be assessed and recorded. The sensitivity is measured in mV.

NOT

F \Fhe PD is not measured in pC, since the procedure of IEC 60270 cannot be used for UWB PD det¢g

gest
ired
vity,
the

gital
tis
ulse
Il as
Note
ulse

Ises

ring
nce
the

ction

systems (integration of the pulse currentio yield the apparent charge cannoi be performed as indicated in [EC ©

7.2

Test diagram for sensitivity check

270).

A sensitivity check of a PD measuring system is performed using the test diagram shown in
Figure 7. The output of the PD detector is measured step by step with different combinations of
the low-voltage pulse generator (LVPG) and high-voltage impulse generator (HVIG) connected

to a

test object.

Pulse waveform from the LVPG shall be selected with respect to both the original PD pulses
and the frequency limit of the detecting system. The rise time of the pulse waveform can be
selected around 1/f, where f is the upper frequency limit of the PD detection system. For
example, if the upper cut-off frequency of the PD detection system is 100 MHz, the rise time of

LVP

G can be less than 10 ns.
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The location where the LVPG is connected to the circuit of the test object can be used as
injection point. For test objects having distributed equivalent impedance, such as motor and
transformer windings, the propagation effects of PD pulses can cause strong attenuation of the
high-frequency components, thus only PD close to the measurement point can be observed.

PD sensitivity and the effect of noise can be assessed in steps, as addressed in Figure 7 and
7.3t0 7.5:

Low-voltage Test object Sensors
pulse generator ﬁﬁ:k — and
(LVPG) A (injection point) PD detector

B %{
Output

P High-voltage
owelr o—— impulse generator
SUPPY c (HVIG)
IEC
A B Cc Subclauge
PD [detection sensitivity check Closed Opefed and Opened 7.3
Closed

Badkground noise check Closed Closed Opened 7.4
Detpction system noise check Opened Closed Closed 7.5

Figure 7 — Test diagram for sensitivity check

7.3 | PD detection sensitivity check

Disdonnect the HVIG from the-test object and measure the output of the PD detector while
increasing the output of the'LVPG. Measure the minimum output voltage of the LVPG at which
the PD detector shows a detectable signal. This is the sensitivity of the PD detection system.

7.4 | Background-noise check

Conpect the unenergized HVIG to the test object and measure the output of the PD detdctor
while increasing the output of the LVPG. Measure the minimum output voltage of the LVP[G at
whigh the PP’ detector shows a detectable signal. This is the background noise of the| PD
detdction gircuit.

7.5 Detection system and HVIG noise check

Disconnect the LVPG and apply the voltage impulse of the HVIG to the test object. Measure
the output of the PD detector under PD-free conditions. For example, replace the test object
with a PD-free capacitance that has about the same high-frequency capacitance as the test
object. Record the output of the PD detector with voltage impulse used for the PD measurement.
This is the detection system noise, or residual of the HVIG.

NOTE It is possible that the test described in 7.5 will not be feasible if appropriate capacitors are not available. In
such cases, reference can be made to the results of 7.3.

7.6  Sensitivity report

PD sensitivity is presented as the relation between the outputs of the LVPG and HVIG. An
example of the possible behaviour of PD sensitivity is shown in Figure 8.
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