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tional electrotechnical committees (IEC National Committees). The object of IEC is to promote_inte
eration on all questions concerning standardization in the electrical and electronic fields. Tq this
Hition to other activities, IEC publishes International Standards, Technical Specifications, Technical
cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)
ration is entrusted to technical committees; any IEC National Committee interested incthe subject d
barticipate in this preparatory work. International, governmental and non-governmentalorganization
he IEC also participate in this preparation. IEC collaborates closely with the International Organiz
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lormal decisions or agreements of IEC on technical matters express, as nearly-as possible, an inte
bnsus of opinion on the relevant subjects since each technical commitiee has representation
sted IEC National Committees.

Publications have the form of recommendations for international {use and are accepted by IEC
nittees in that sense. While all reasonable efforts are made to €nsure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National.Committees undertake to apply IEC Puj
parently to the maximum extent possible in their national’and regional publications. Any divergence
FC Publication and the corresponding national or regienal publication shall be clearly indicated in t

tself does not provide any attestation of conformity. Independent certification bodies provide cd
Esment services and, in some areas, access tovIEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification_bodies.

ers should ensure that they have the latést edition of this publication.
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bers of its technical committees and IEC National Committees for any personal injury, property d3
damage of any nature whatsgeyer, whether direct or indirect, or for costs (including legal fg
hses arising out of the puplication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the Nermative references cited in this publication. Use of the referenced public]
bensable for the correct application of this publication.

tion is drawn to the.possibility that some of the elements of this IEC Publication may be the subject
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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
including the introduction of wide band gap semiconductor devices has been added to the
Introduction;

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

The lan

This dg

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

cument was drafted in accordance with ISO/IEC Directives, Part 2, @nd develgped in

accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ayailable
at wwy.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.
The committee has decided that the contents of this document will-remain unchanged until the
stability date indicated on the IEC website under webstore.ie¢.th in the data related| to the
specifi¢ document. At this date, the document will be
e recopnfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.

IMPORTANT - The “colour inside*:logo on the cover page of this document indicates |that it

conte

contains colours which are considered to be useful for the correct understanding

hts. Users should therefore print this document using a colour printer.

of its
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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 pulse width modulation (PWM). Since PD can cause degradation
of electrical insulation parts in the system, it is one of the most important parameters to be
measufed.

The firgt edition of IEC TS 61934 was issued in April 2006. Because of rapid deyelopment in
this field, the revision activity for the latest information was approved by TC 412 at theif Berlin
meeting in September 2006. The second edition of IEC TS 61934 was published in 2011 Owing
to further advances in this area, a revision of the second edition was commenced formally in
2019 apd 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

1 Scope

This document is applicable to the off-line electrical measurement of partial discharges (PDs)

%mewwhﬂnﬂwmmWmeulses
ed from power electronics devices.

that oc
genera

Typica
motors

NOTE

Exclud

- meLhods based on optical or ultrasonic PD detection,

— fiel

such as lightning impulse or switching impulses fromiswitchgear.

2 Ndrmative references

The fol

constitlites requirements of this documentsFor dated references, only the edition cited &
For un

amend

IEC 60

3 Te

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

ISO ar
addres

e |E

applications are EISs belonging to apparatus driven by power electronics, s

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

bd from the scope of this document are

s of application for PD measurements when stresséd by non-repetitive impulse v

owing documents are referred to in the text in such a way that some or all of their

ments) applies.

D70, High-voltage test techniques — Partial discharge measurements

rms and definitions

d IEC:maintain terminology databases for use in standardization at the fo
5es!

uch as

inductive reactors, wind turbine generators and the power electronics modules
themsglves.

bltages

content
pplies.

dated references, the latest edition of the referenced document (including any

llowing

=1 L el ot LL ‘ : L
EIUbiIUPUUId. dvdllidlIT di ilLLpb.IIVVVVVV.UiUbLIUpUU‘Id.UIy/

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

3.1
repetit

ive voltage impulse

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

electro

3.2
partial
PD

nics devices with a carrier or driven frequency

discharge

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
definition has been included in Note 1 to entry and Note 2 to entry has been revised.]

3.4

RPDIV
repetitjve partial discharge inception voltage
minimum peak-to-peak impulse voltage at which more than five PD pulses occur on ten yoltage
impuls¢s of the same polarity

Note 1 t¢ entry: The RPDIV is a mean value for the specified test time and a test arrangement where the voltage
applied tp the test object is gradually increased from a value at which no partial discharges can be detected| Further
explanatjon is mentioned in 8.

3.5
RPDEV
repetitjve partial discharge extinction voltage
maximlim peak-to-peak impulse voltage at which less than five PD pulses occur on ten yoltage
impuls¢s of the same polarity

Note 1 t¢ entry: The RPDEV is a mean value for a specified test time and a test arrangement where the voltage
applied tp the test object gradually decreases from a voltage at which PDs have been detected. Further explanation
is mentigned in Clause 8.

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

3.7
unipolar impulse
repetitive voltage impdlse, the polarity of which is either positive or negative

[SOURE: IEC_62068:2013, 3.11, modified — “repetitive” has been added.]

3.8
bipolar impulse
repetitivevottageimputse, the potarity of whichtiranges fronTr positive tomegative 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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Note 1 to entry: Unless otherwise specified, the upper and lower values are fixed at 90 % and 10 % of the impulse
magnitude.

3.12

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 ertiaI discharge magnitude
largest|magnitude of any quantity related to PD pulses observed in a test object at ‘a’specified
voltagd following a specified conditioning and test

Note 1 t¢ entry: For impulse voltage tests, the peak magnitude of the PD pulse is the largest repeatedly gccurring
PD magnitude.

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

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

4.1 Measurement frequency

IEC 60R70 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 lsed to
measufe PD pulses when the test object;is subjected to supply voltage impulses shall be
modifigd from the standard narrow-band and wide-band frequency methods descr|bed in
IEC 60p70.

To measure the PD during repetitive short rise time voltage impulses, it is necessary tp avoid
the induced current of the impulse voltage. One technique is current or electromagnetic wave
measufement at ultra-high.frequency, that is, higher than the frequency components asspciated
with thé impulse. Ultra-wide band (UWB) detection is often used with a high-pass filter|for the
supprepsion of the relatively lower frequency components of the impulse voltage. In prjnciple,
narrowtband measurement in the ultra-high frequency (UHF: 300 MHz to 3 GHz) region|is also
effectivie for the_suppression of the impulse voltage. Partial discharge measurement nethods
in this frequencgy. 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 direlct value-hased r‘nm'ns\ricnn to measurements in accordance with IEC 60270 is not 'nnccihln

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 r—inductivetestobjects

Types of inductive test objects can include:

- stalor and rotor windings
— indlictive reactors
— trarsformer windings

— moforettes and formettes: see IEC 60034-18-1
4.3.3 Capacitive test objects
Types of capacitive test objects can include:

— twidted pairs of winding wire
— caplacitors
— padkaging of switching devices

— power electronics modules and substrates

- isollated heat sinks
n

— main wall insulation models in stator coils and bars

— printed circuit boards
— optpcouplers

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

— cables

— buspars

— staforland rotor windings

— transformer windmgs
— 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

For the purpose of comparison between different insulating materials or design solutions, partial
discharge_ measurements can be performed using appropriate voltage supply waveforms. The
specifi¢ation of the voltage impulse generator shall include amongst other factors:

— implulse voltage rise time

— impulse voltage polarity

— impulse voltage repetition rate
— impjulse voltage width

— implulse duty cycle

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

Table 1 — Example of parameter values of impulsewvoltage waveform without Igad

Characteristic Range
Rise time 0,02 08 to 1 ps
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 alsp on sample impedance. The voltage impulse waveform will change significantly with
load. Tlhe voltage impulse generator 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
increades in genetal. The inductive test object, or distributed equivalent impedance mentioned
in 4.3.4, can_cause damped oscillation after the voltage impulse waveform in addition to the
changq of rise time. Examples of these distortions to the waveform, due to variations in pample
impedgngé€, can be found in IEC TS 60034-27-5:2021, 4.2.2. It is important to check and|record
the waveform—ofthe hupuloc vu:tauc across—the—tested—etectrical ;IIOU:Gt;UII, at-the—tes 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 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 pressure.

4.5.3 Effect of testing conditions and ageing
PD-asdociated quantities can be affected by

- voljage distribution
— posjition of PD occurrence
— preyious voltage applications as well as the time between voltagé.applications

— opdration time or time under stress of the test object

In addiion, they can vary as ageing of the electrical insulationoccurs, that is, during operation
of the EIS.

5 PD detection methods

5.1 General

Any PD pulse detection system where thertest object is excited by voltage impulses requires
strong puppression of the residual voltage impulse, measured by the PD detection circliit, and
negligilble suppression of the PD pulsée) The PD pulse shall have a magnitude after pro¢essing
by the|detection system that is gteater than the residual transmitted voltage impulge. 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 ofrder to
ensure|that important.PD pulse magnitudes are higher than the residual transmitted yoltage
impuls¢ on the output of the detector. Similarly, as the rise time of the applied impulse yoltage
becomes shorteri¢the suppression shall be greater, due to the increased overlap of fregquency
spectrgd of supply impulse and PD pulse (see Annex A). PD pulse coupling devices shhall be
design¢d toensure that important PD pulse magnitudes are higher than the residual trangmitted
voltagd implulse on the output of the detector, or that the residual is clearly distinguishablle from
the PDlpulses

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
exceed 1 m.

The following circuits are applicable for PD pulse detection.

5.2.2 Coupling capacitor with multipole filter

A cougling capacitor with a voltage rating exceeding that of the expectéd,-applied impulse
voltagd together with a filter that strongly attenuates the test voltage impulses can be us¢d. The
filter shall have at least three poles and special measures to inhibit crass-coupling of thHe input
signal fo the output. The filter can be designed using passive or active filtering technology. The
coupling capacitor is connected to the test object high-voltage, fesminal (Figure 1). Annex A
shows |a schematic example of filter behaviour. Figure 2 reparts an example of the ideal
frequency spectra of PD pulse and impulse voltage before ahd after filtering for an 8t order
filter. |[Note that real filters distort the PD pulse shapedand can introduce extra frefguency
components.

Test

Supply i object

“E
Z |:| Filter TPD Signa|

IEC

Figure 1 — Coupling capacitor with multipole filter
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The impulse voltage rise time is 50 ns, the PD pulse rise time is 2 ns, the 8" order filter with filtg

y is equal to 500 MHz.
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HFCT with multipole filter

LT, together with a filter, can be used to detect\PD pulses while suppressing the i

he performance of this method, especiallyywith impulse voltage rise times < 100
hall have a higher cut-off frequency than'the voltage impulse frequency. The filt
least three poles and special measures to inhibit cross-coupling of the input s

placed over the high-voltage, cable between the impulse supply and the test
3). In this case, the HFCT ‘shall have sufficient electrical insulation to ensu
bwn between the cable and;the HFCT does not occur. Alternatively, the HFCT
ted between the test gbject and earth (Figure 4). Only low-voltage insulation
d. The latter arrangement is effective, in general, only if the metallic enclosursg
ect can be isolated.from earth. Annex A shows a schematic example of filter beh
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Figure 2 — Example of voltage impulse and ideal PD pulse frequency spectra
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Figure 3 — HFCT between supply and test object with multipole filter
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Figure 4 — HFCT between test object and earth with multipole filter

5.24

Antennja-type couplers can be used to separate impulses from the supply from .PD orig
in the tpst object (Figure 5).

Varioug
dischai
the cod

An ultr
impuls
the img

Examp

5.2.5

Electromagnetic couplers

antenna-type couplers can be used to detect an electromagnetic'signal from the
ge site in the test object. For the separation of the PD signalfrom the impulse v
plers shall have suitable frequency characteristics.

-wide band (UWB) coupler can detect a PD signal with_impulse noise. To suppr
voltage, an electromagnetic coupler with a fixed coupling impedance to the le3
ulse supply to the test object can be effective (Figure 5).

es of noise levels of electromagnetic PD couplers are provided in Annex D.

Test
Supply 7 | object
Antenha
Acquisition
system

IEC

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

Electromagnetic UHF antennae

Altern

propagpting through free space from the PD site in the test object (Figure 6). If the anten

ivelyy an electromagnetic UHF antenna can detect the radiated electromagnetic

inating

partial
oltage,

pss the
d from

signals

na has

UWB characteristics including lower frequency component of voltage impulses, a 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
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

6 Magasuring instruments

The results of a PD test are the RPDIV and RPDEV. The PD pulse repetition rate; the [largest
peak PD pulse magnitude at a specified test voltage and the test conditionscan be megasured
as welll. It should be pointed out that PD magnitude is only a relative measure of PD activity,
given that PD pulses are attenuated and distorted when they travel from' the source to the
measufement point.

The PD signal output from the coupler and detection system/can be recorded on g digital
oscillogcope or pulse magnitude analyser. When using an¢oscilloscope, the PD odtput is
normally displayed on one channel while a reduced magnijtude version of the applied impulse
voltagq is recorded on another channel (Annex B). The magnitudes of the PD pulses as |well as
the tenporal position in which they occur with respect toythe impulse voltage are recordef. Note
that the retrigger rate of the oscilloscope is recommended to be higher than that of the impulse
voltagd repetition rate.

Electropic pulse magnitude analysers can be Used to measure the magnitude of the PD|pulses
and thgir repetition rate.

Typicall test circuits are shown in Figure 1 to Figure 6.

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

71 General

The REDIV, RPDEY 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 noisg (such-as the residual signal from the voltage impulse itself). Thus the sensitivity of the
PD megsuring 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.

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
LVPG 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 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 Subclause
PD detgction sensitivity check Closed Opened and Opened 713
Closed
Backgrpund noise check Closed Closed Opened 7(4
Detectipn system noise check Opened Closed Closed 715

7.3 |

Figure 7 — Test diagram for sensitivity check

PD detection sensitivity check

Disconpect the HVIG from thé test object and measure the output of the PD detectgr while
increading the output of the LVPG. Measure the minimum output voltage of the LVPG af which
the PD|detector shows a detectable signal. This is the sensitivity of the PD detection syjstem.

7.4 Backgroundnoise check

Conneg¢t the unenergized HVIG to the test object and measure the output of the PD detector
while increasingthe 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
detectipn 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.

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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Kigure 8 — Example of relation between the outputs of\k'VPG and PD detectof

8 Tept procedure for increasing and decreasing)the repetitive impulse vo|tage
magnitude

The bagkground noise and detection limits shall first be measured using the procedures|set out
in Clayse 7. For PDIV, PDEV, RPDIV and RPDEV measurements, the voltage amplifude of
repetitive impulse shall rise continuously oristep-by-step with a low voltage and then fgll. One
method, known as the step-by-step (SBS)~-method, for determining the PDIV, RPDIV, RPDEV
and POEV is as follows (Figure 9):

— Degide minimum and maximumrimpulse voltages, voltage step, number of impulses with
samie magnitude and repetition frequency before the test.
— Wi
— With the preliminary(test the maximum voltage shall be selected as every voltage impulse
causes PD pulses!

th the preliminary test the minimum voltage shall be selected as no PD is detectef.

— Set|a voltage impulse generator with the parameters mentioned above, if necessary|
— Staft the repetitive impulse of the minimum voltage.
— Repeat(the repetitive impulse with increased voltage steps successively.

— PDIWis"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 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.

— 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
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numbers of impulses and low increments/decrements in voltage can lead to more stable results.
At least five repeated RPDIV and RPDEV measurements are recommended. See Annex C for

practical examples.

2500
Voltage impulse PD pulse
2000 \‘ /
_RPDV_
o _ RPDEV _
1500
PDIV
O Q>
2 Y poev
: T e
q g
1000
N
{40
10
500 His
//’:-D
4 N
ML il | R
0 1 | |
Time
IEC
\\Q
N
Figure 9 — Example of increasing and dec@a sing the impulse voltage magnitude
&
9 Tepst report . ®\$
4\

The following quantities shall be repa&d:
— PD|sensitivity level (see Cl h@g 7)
— badkground noise level -
— detgction system noj vel
— RPDIV, RPDEV afdminimum PD detection level in mV
— parpmeters o lied voltage impulses reported in Clause 8

- shjpe of t @mpulse voltage with load reported in 4.4.2
in ditions reported in 4.5.2 and 4.5.3.

»\ £ 41 £fall H=Y P
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— tes
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— 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

— state of cleanliness of the test object (e.g. no cleaning, factory 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), fbeing
the frequency. The filter cut-off frequency should be selected in such a way that, after filtering,

the PD
PD det

A typic
and ris
magnit

ide and the rise time.

S

signal magnitude exceeds the voltage impulse magnitude within the bandwidih
pctor. A broadband PD detector is generally required for this purpose.

bl example of acceptable impulse voltage attenuation as a function of voltage ma
e time is reported in Figure A.3. Note that attenuation depends on the_voltage i
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Figure A.1 — Example of overlap between voltage impulse
and PD pulse spectra (dotted area)
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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
(four poles), with the cut-off frequency at 400 MHz. The filtered signal is predominantly a PD

pulse generated inside the test object where the supply voltage commutation has been
supprepsed effectively through filtering. Figure B.3 is the example of the attenuation aghieved
with an| 8t order filter with the cut-off frequency at 400 MHz.
It shou|d be noted that, in the absence of filtering, PD pulses cannot be détected as they are
hidden|by the noise produced by the voltage impulses.
800 0,15
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- 0,1
400
4 - 005 4
3 200 ; 9
[« |
[«2]
ks ; :
g 0 \‘ e L o 3
9 i =
3 | G
g -200 I §
9 | --0,05 3
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s s
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Figure B.1 — Power supply waveform and recorded signal
using an antenna during supply voltage commutation
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