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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL TEST METHODS FOR ELECTRIC CABLES -

Part 3: Test methods for partial discharge measurements
on lengths of extruded power cables

2015

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comj
alll national electrotechnical committees (IEC National Committees). The object of IEC{sis to pr
infernational co-operation on all questions concerning standardization in the electrical and eleetronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in|the subject dealt with may participate in this preparatory work. Internatiopal,)governmental and
golvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin|
agreement between the two organizations.

Thee formal decisions or agreements of IEC on technical matters express; as/hearly as possible, an intern
copsensus of opinion on the relevant subjects since each technicalkéommittee has representation fr
inferested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsibl€_for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation.@fsconformity. Independent certification bodies provide conf
aspessment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nq liability shall attach to IEC/ornts directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of\the publication, use of, or reliance upon, this IEC Publication or any othq
Pyblications.

Atiention is drawnyto-the Normative references cited in this publication. Use of the referenced publicati
indispensable fofithe correct application of this publication.

Attention is/drawn to the possibility that some of the elements of this IEC Publication may be the sub
paftent rights*-IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60885-3 has been prepared by IEC technical committee 20:
Electric cables.

This second edition of IEC 60885-3 cancels and replaces the first edition, published in 1988
and constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
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tability date indicated“~en the IEC website under "http://webstore.iec.ch" in the
related to the specific publication. At this date, the publication will be

confirmed,

ithdrawn,

The definition of sensitivity as twice the background noise level has been removed and

replaced—b 5 essment—o based—on A A

fi
[

—

€

W

—

q

a

tectable discharge.

st edition (Application guide) has been removed as it is considéred that backgr
formation is better obtained from the original references as listed'in the bibliography

ext of this standard is based on the following documents:
FDIS Report on woting
20/1560/FDIS 20/1582/RVD

nformation on the voting for the approval of this standard can be found in the repg
h indicated in the above table.

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

of all parts in the IEC 60885 series, published under the general title Electrica
ods for electric cables, can be found on the IEC website.

committee has decided that the contents of this publication will remain unchanged

placed by a revised edition, or
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IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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ELECTRICAL TEST METHODS FOR ELECTRIC CABLES -

Part 3: Test methods for partial discharge measurements
on lengths of extruded power cables

1+—SEGHON-ONE—GENERAL

1 $cope

This part of IEC 60885 specifies the-essential-requirements test methods for partial discharge
(PD)[measurements on lengths of extruded power cable, but does not includé~measurements
made¢ on installed cable systems.

Refefence is made to IEC 60270 which gives the techniques and considerations applicable to

partial discharge measurements in general.-The-first-editionof 1EG-80270-appeared-in—1968-
All-references in this standard apply to the second edition (1981)-

2 Normative references

The following documents, in whole or in part, are nornatively referenced in this document and
are indispensable for its application. For dated refefences, only the edition cited applieg. For
undafed references, the Ilatest edition of ({he referenced document (including| any
amendments) applies.

IEC ¢0270:2000, High-voltage test technitues — Partial discharge measurements

2—SECHONTWO —PARTHAL DISCHARGE TESTS

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes.of this document, the terms and definitions given in IEC 60270 apply.

3.2 | Symbols used in Figures 1 to 14

a dischiarge magnitude measured with the calibrator at the end near to the detector

a, discharge magnitude measured with the calibrator at the end remote from the detector
Ccal calibrator

CK  coupling capacitor

Cx  power cable

D detector

I double pulse generator

[ length of the power cable

M coaxial signal cable

Q discharge magnitude

R1R2 matching resistors
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RS reflection suppressor

1% propagation velocity of partial discharge

\% voltage indicator

W power supply

Z impedance/filter

Zp  input unit

Zy  terminal impedance

4 (@verview

4.1 General

Partigl discharge measurements shall be carried out using the test technigUes specifi
IEC ¢0270.

4.2 | Object

The ¢bject of the test is to determine the discharge magnitude, ofto check that the disch
magnitude does not exceed a specified value, at a specified voltage-with and a-given dec
minium sensitivity.

4.3 | Problem of superposition of travelling waves_for long lengths

Short lengths of cable behave in the same way as{a single capacitor in that the disch
magnitude can be measured directly by considering the cable as a single capacitor. Hov
longgr cables behave like a transmission line and PD pulses travel away from their sour
both [directions along the cable, in the fornp\©f'a wave. On reaching the remote end fron
meaguring equipment, the pulse will be reflected with the same polarity if the end is
circult. The reflected pulse will then travel back along the length of cable and arrive g
detegtor at a time after the directly received pulse. If the time between the arrival of th¢ two
pulsgs is short (the time difference\depending on the length of the cable) then the dete
instryment may give a false résponse, indicating either a larger or smaller magnitug
discharge than was actually-the case. The methods detailed in this standard allow cd

meas

Figures 1 to 4 illustrafe the behaviour of travelling waves and possible superposition effeq

urement of partial discharges under these conditions.

rrect

Ck Void

IEC

Figure 1 — Discharge site exactly at the cable end remote from the detector (x = /)
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| o
b) after reflection |L”" Q/2 l <V= Q/2 I
l
| J
() _ _ }__o
l - 9
Ck I
Void |
X = X

IEC

Figure 2 — Discharge site at a distance x = x; — Travelling waves

A |
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0,1 T T T !
) 500 1000 1500 2 0100 x (m)
|
| l
x=0 x=1

IEC

Figure 3 — Attenuation of PD pulses along the cable
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a)

I =190 m
| —»II | 1;=220 m

| I, =600 m |

Figure 4 — Superposition and attenuation of PD pulses

A
C
& 0.
¢ 2,0
= Positive superposition
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© a1
©
1
|
| i’
o= end open l | I
0.2 x= end with characteristic impedance i | I
0,1 T T i T ! ! >
0 500 1000 1500 2000 x (m)
1 |
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@ | =640 m I
o
o
g 2,0
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©
@
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) Sy O
0.8 \x~\\3~\ (i) < 30% ,J, 1,04y
T .\‘x(')“\ ’
\\\-)?\\
0,6 \‘)?\ 0,7a,
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o= end open
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0,1 T T L
0 500 1000 | x (m)

IEC
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5 Partial discharge tests

5.1 Test apparatus
511 Equipment

The equipment consists of a high-voltage-pewer alternating voltage supply having a-kilovel-
ampere—capability rating adequate-for to energise the length of cable under test, a voltmeter
for high voltages, a measuring circuit, a discharge calibrator, a double pulse generator and,-if
necessary where applicable, a terminal impedance or reflection suppressor. All components
of the test equipment shall have a suffrcrently low noise level to achieve the required

el

PR ‘ o
SeNS[VIly. HHe HegqueHoy O tHe teot oulurll‘y rSgssumedtobethe SASAUASE: ||\4\.1uulluy FT49- Hz
]

o b1 Hz o nr\rr\vw\nai‘ol\l sine-wave 'Fnr'm the ratio neak vah alr m ¢ heing egqual telith 3
to—oi—+Z0O+ PP pear—ardeAh-S: g HeH—0<Y +—
olardnce o 0/, ha main hie onsidarad in thi nd d h on nd ehulation
o= o 3 U0 O a a ahaara—eaHbrato SHee—= H
a ay: Yadl di h aa n a a Nnn a ad h ina diffaran anian a a he—power
S eH—- = = —a ot—3a s g—- = O B
sunnlv_Howevaer the nartial discharae charactaristics are affacted by the tast Frdouency the
SUppry—"roweverrtmepariar—GisScnarge- CnaaCteAsSHECS afe ae cte G DYy the eSS Hequency;the

pximating to a sinusoid with the ratio of peak to r.m.s. values beifrg equal to V2 with a

e
The frequency of the test supply shall be in the range 45 Hz to 65 HZwith a waveshape
appr

maximum tolerance of 5 %.

5.1.2 Test circuit and instruments

The {est circuit includes the high voltage power supply, test.object, the coupling capacitof and
the HV and PD measuring-cireuit equipment. The measuring circuit consists of the measpring
impefdance (input impedance of the measuring instrument and the input unit which is selg¢cted
tch the cable impedance) the connecting lead and the measuring instrument The

, or other instrument to indicate the existence of partial dischargeg and
tom asure the apparent charge. The measurifg system shall comply with I[EC 60270.

5.1.3 Double pulse generator

The properties—of the partial-discharge-test circuit shall- be checked by -means—of- A double

pulsg generator is an instrument producing two equal pulses (with the same apparent charge)
following each other within a-cdatinuousty time interval which can be varied between 0,2 us to
100 gs. The rise time of the\pulses shall not exceed 20 ns (10 % to 90 % of peak value}; the
time between 10 % values of the front and the tail shall not exceed 150 ns. The pulses| may
be synchronized with the-power frequency.

5.1.4 Terminalimpedance-{(characteristic-impedance)

A terminal inipedance is an impedance, equal in value to the characteristic impedance qf the
test ¢bject=may-be, which is connected to the open end of the cable remote from the detgctor.
Fhisjwilsuppress-the-reflection-of pulses—at-thisend- It may be a combination of resisfance
and [capacitance (R & C) or resistance, capacitance and inductance (R, C & L).[ The
components shall be suitable for operation at the test voltage to be applied to the cable under
test. Additional requirements are specified in section 5.6.

5.1.5 Reflection suppressor

Thrs is an electronrc swrtch whrchwmespeasesrean |s desrgned to
block the input of theeeteeter measuring mstrument from pulses reflected from the open end

of the cable.

SGFFPG—BGSFH#S—SH—BGFPGS&I—GH—FS—W%#@@&M—G— Thls is achleved by blocklng the mput for a fixed

time after the first pulse is received.
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5.2

5.2.1

-11 =

Setting up the test circuit

Determination of characteristic properties of the test circuit

The characteristic properties of the test circuit should be determined under the conditions to
be used. The test circuits normally used for connections to a single cable end are those
shown in Figures 5, 6, 7, 8 and 9. Similar test circuits are also applicable when both ends of
the cable conductor are connected together; in this case the two ends of the metal cable
screen-must shall also be connected together.

5.2.2

Terminal impedance

E

-

o ¢
- O Q
a &

]

If a

impe
as if
termi
comy
shou
out W

5.2.3

If a ferminal impedance is not used,
circu

test ¢

5.2.4

The
corre
refle
when
pulsq
wher

5.2.5

es 11, 12 and 13) Thls check should be carned outaHeasteeneeeaeyeaeandﬂs&

||||||

Hance value equal to the characteristic impedance of the cable thefirthe cable will be
it is of infinite length and there will be no reflected wave. The cjrsuit for connection
nal impedance is shown in Figure 8. The values (RC andA\Where applicable)
onents of the terminal impedance and its suitability forthe’ type of cable under
d be demonstrated using the procedure described in 5&6.>This check should be ca
hen the test circuit is set up and also when any changesi\are made to the circuit.

Superposition Determination of superposition of travelling waves

it is necessary to determine the properties of thg
t with respect to superposition of traveling waves. A double pulse generat
bcted according to Figure 10 and a_deuble pulse diagram is plotted (see 5.5

|rCU|t is set up and also when any changes are made to the CII’CUIt

Reflection suppressor

purpose of using a reflection suppressor is to obtain a double pulse diagram of Ty
sponding to Figure 1. Using the arrangement shown in Figure 14, the efficiency ¢
tion suppressor should be checked—at—least—eawe—pe#year—med—a%e—eeen—#eqees
—any-sighificant-circuit-component-has-been-repaired-or-changed by plotting a d

diagram (see 5.5 and Figures 11, 12 and 13), when the test circuit is set up and
any changes*are made to the circuit.

Catibration-charge of the measuring system in the complete test circuit

erminal impedance is connected to the remote end of the cable ‘Under test, with an

have
of a

of the

test
rried

test
Dr is
and

h the

pe 1
f the

buble
also
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citanca ic cmall caomnarad wwith thg canacitancg nf tha tact
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Calibration of the measuring system in the complete test circ(ébshall be carried out in
accofdance with Clause 5 of IEC 60270:2000. The calibrator used shall comply | with
IEC ¢0270. For long lengths of cable (> 100 m) there is a@%itional requirement thgt the
calibfating capacitance shall be not greater than 150 pF. ‘\

5.2.6 Sensitivity QO<<

a) The sensitivity of the
meaguring system is defined as the min

o
®
o
®
o
~—
O
=2
©
Q
@
o
>0
O
=
Q
®
e]
=3
®
o
<
3
=
—
5

N
Valug of ¢, shall be detengiﬁed by evaluation of the background noise level and shall e no
more| than twice the @arent noise level, &, (h, is the noise reading on the measpring
instryment). O

Thergfore: :
IO

G = X
LTI n

where k is the scale factor and x is the ratio of the minimum detectable discharge to the
background noise. The maximum allowed value of x is 2. Typically values of x of between 1,25
and 1,5 should be achievable.

b} The maximum values of sensitivity shall be determined according to 5.4.

5.3 Measurement procedures
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5.3.1 General

The selection of the test circuit depends on whether the cable sample may be considered as a

short length (see 5.3.2) or a long length (see 5.3.3, 5.3.4 and 5.3.5)-depending-on-the-double
pulse—diagram—{subelause-2.6). The test circuit-has—te shall be discharge free in order to

achieve the required sensitivity (see 5.2.6). Calibration does not necessarily have to be done
with the HV supply on (see 5.2.5). During the partial discharge measurement, individual
pulses clearly identifiable as interference may be disregarded.

5.3.2 Short cable lengths including type test lengths

For ghort lengths the cable may be considered similar to a lumped capacitance. The,limiffation
on lehgth where this is not acceptable depends upon the test circuit used, howeyerit may be
assumed that cable lengths of up to 50 m (or 100 m, if both ends of the cable lare conngcted
together) behave as a lumped capacitance and therefore superposition ofyreflected waves
need| not be taken into account. The-actual-value-would-be-determined-using-the-double pulse
diagHam-described-in2-6-and-defired-as.- For longer lengths whether they can be treatgd as
a lumped capacitance shall be determined using the double pulse diagram as describgd in
5.5. The maximum length which can be considered as a lumped cdpgcitance is defined gs /.
This Imay be as low as 100 m or even greater than 1 000 m,. depending on the particular
meaguring system in use.

The fest circuits normally used are those in Figures'§, 6 and 7.

5.3.2.2 Verification of sensitivity

h,—ig-the-deflection-tmm)-from-background-interference

The gletermination _of“the scale factor k for the measurement of the apparent charge shall be
carrigd out in afcoerdance with Clause 5 of IEC 60270:2000. Therefore the partial discharge
calibrator shathbe connected in parallel with the cable at the end remote from the detectof.

5.3.2.3 Test procedure

The measurement shall be made only at one end of the cable.

The test parameters shall be selected according to 5.4.



https://iecnorm.com/api/?name=f313174a8b44b287d03eb934f6021241

-14 - IEC 60885-3:2015 RLV © IEC 2015

5.3.3 Long cable lengths tested without a terminal impedance
5.3.3.1 General

For long cable lengths (>50 m or >100 m with ends connected), tested without a terminal
impedance, it is necessary to plot a double pulse diagram.

5.3.3.2 Requirements

For cable lengths in excess of /, it may still be possible to test without a terminal impedance
provided superposition and attenuation phenomena are taken into account. Atest-without

terminal |mpol’lanr\n s pnr’mlH‘nrl where-the-double plllco Hlagram (suclaucg 2 R\ is—either:

A dopible pulse generator is connected according to Figure 10 and a double pulseddiagram is
plotteéd (see 5.5 and Figures 11, 12 and 13). This shall be carried out when thedest circuit is
set up and also when any changes are made to the circuit.

A tegt without terminal impedance is permitted where the double pulse diagram is either

— type 1 (Figure 11) or

— type 2 and type 3 (Figures 12 and 13) but where the cable length, /, lies outside the [imits
2, <1< 21,.

(See|5.5 for the determination of /; and /,.)

For lengths inside these limits an alternative test eircuit should be used or the procedqures
descfibed in 5.3.4 or 5.3.5 should be adopted.

The fest circuits normally used are those shown in Figures 5, 6, 7 and 9.

5.3.313 Verification of sensitivity

As shown in laures— 1 2 32 or 5 Aha ecalibrator shall be connected-to-each-end - in tiudn_—in
AS—SHOWRHR—F1gureSs——=—<ofF oy {tite—CcaHbator—ShaH—oB e cohRhRecteato—each—ena—h—tdtih—h
parallel with the cahla gt firet to4hed end remote from the detector and then with tha dama
paraiet tH—tRe-Gabie,atHSsttefthieeRafremoteHomtheGetectoranRa e wW—thRe—$ahe
settifg P 2 } io A g e 2 A e

g D O g

The gletermination of thetscale factor £ for the measurement of the apparent charge shall be
carrigd out in accordanse with Clause 5 of IEC 60270:2000. Therefore the partial discharge
calibfator shall be confected in parallel with the cable at the end near to the detector.

For the deternfifration of the attenuation correction factor, the partial discharge calibrator|shall
be cpnnectedto each end in turn in parallel with the cable with the same setting of the
ampl|fier@nd calibration charge. The following values shall be recorded:

— al-teim) the deflection discharge magnitude measured with the calibrator at the endlnear
to the detector;

— a,—{mm)—the—deflection discharge magnitude measured with the calibrator at the end

remote from the detector. «,and-the—calibration-charge—¢,,, {(pC)are-used-to-determine-the
scaltefactori {pClmm):

k4=t calty
a4 and a, are used to determine a correction factor F to allow for attenuation. It is given by:

F=1 Ifa2 aq
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5.3.3

a

~
I
|

|f Clz < a1
az

4 Test procedure

The measurement shall be made twice by connecting the high voltage end of the coupling
capacitor to each end of the cable in turn. The measured-deflections discharge magnitudes 4,
and 4, shall be determined and the higher value 4, ,, (mm pC) selected. With-the-scalefactor
k4-pClmm)-and the correction factor F, the discharge magnitude ¢(pC) is:

The
shall

NOTE
suffici
The d

G=Fhq——Apay—F

q = Amax * F

voltage levels used when measuring the highest-deflection discharge’)ragnitude
be selected according to 5.4.

Only if the double pulse diagram is of type 1 (see Figure 11) and a, > a,,.a/measurement of 4(mm
ent when both cable ends are connected together (see 5.3.2).
scharge magnitude is then:¢=+%4—+4 ¢ = 4

5.3.4]

For
impe

5.3.4.2 Requirements

To €
termi
cablg
suita

procg¢dure described in 5.6.

5.3.4.3 Verification of sensitivity

5.3.j Long cable lengths tested with a terminal impedance
1

General

ong cable lengths (>50 m or >100 m with_@nds connected), tested with a ter
Hance, it is not necessary to plot a double pulse diagram.

liminate superposition errors, cahles of length greater than /, may be tested w

A

max

pC) is

minal

ith a

nal impedance as shown in Figure*8. This method may be used with all detectors and all

lengths provided that the impédance Z,, meets the requirements specified in 5.6
bility of the impedance for.the cable under test shall be demonstrated using

The
the

The
cabld

bartidldischarge calibrator shall be connected to each end in turn in parallel wit
with the same setting of the amplifier and calibration charge. The following values

n the
shall

be ré

cardad-

A\=A~AR~a~a~

— a4 (mm pC) the-deflection discharge magnitude measured with the calibrator at the end
near to the detector. This need not be measured if the procedure in 5.3.4.4 b) is sufficient;

— a, (mm pC) the—deflection discharge magnitude measured with the calibrator at the end
remote from the detector.

ko=—tcaittts

Gmin—2 Ko—Hp
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For the determination of the scale factor & for the measurement of the apparent charge in
accordance with Clause 5 of IEC 60270:2000, the value a, (pC) with the partial discharge
calibrator connected in parallel with the cable at the end remote from the detector shall be
used.

5.3.4.4 Test procedure
The test procedure is as follows.

a) When it is required to determine the value of the partial discharge magnitude as closely as
possible, the high voltage end of the coupling capacitor shall be connected to each end of

tl— Ll HIZGE TR0 ad-bathb—ra el fl ' NH 2N HTP=| VAN all aal—d
L OUTC T TUT T AT U Ut T e a S UT T UG e o oo To UTo LTTaTr g U TITaygTmuu C S (P o ) arTa—71 7)) mn

plC) determined. The discharge magnitude ¢ (pC) is given by:

A1 XA2

9 = qcal ¥
aq ><a2

here ¢, is the calibration discharge magnitude (pC).

b) hen it is sufficient to check that the discharge magnitude does not exceed a spetified
blue, the measurement may be made with the high voltage efrd-of the coupling capacitor
bnnected to one end of the cable only. In this case the calibration pulse is injected| only
the end of the cable connected to the terminal impedaneg -remote from the detector|(a5).
ith the measured—deflestion discharge magnitude A4,<(mm pC) and the scale factpr ,

C/lmm)-the discharge magnitude ¢ (pC) is given by;

TS0 O < S =

q:k2><A1

The poltage levels used when measuring the—deflections discharge magnitudes 44 and if
necepsary 4, shall be selected according tQ:5:4.

5.3.5 Long cable lengths tested with a reflection suppressor
5.3.5/1 General

For long cable lengths (>50\m~or >100 m with ends connected), tested with a refldction
suppfressor, it is necessary te-plot a double pulse diagram.

The ¢onnection of the(reflection suppressor is shown in Figure 9.

A dopble pulse-generator is connected according to Figure 10 and a double pulse diagram is
plotted (see 55.and Figures 11, 12 and 13). This shall be carried out when the test circuit is
set up and.also when any changes are made to the circuit.

5.3.5,.2 Requirements

When using a reflection suppressor the double pulse diagram-must shall be type 1 (see
Figure 11).

5.3.5.3 Verification of sensitivity

See 5.3.2.2.

5.3.5.4 Test procedure
See 5.3.2.3.
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5.4

Voltage levels/partial discharge limits

The test voltages, partial discharge sensitivity and partial discharge limits shall be determined
in accordance with the requirements in the standard for the type of cable.

5.5

Double pulse behaviour and plotting the double pulse diagram

The double pulse plot is affected by variations in each circuit component. It is important that
the double pulse plof be obtained for the precise conditions o be used In the high voltage

test.

NOTE| The test cable is not connected whilst the double pulse plot is being plotted, the double pulsé plot dejpends

solely|on the measuring system and test circuit, excluding the cable.

The power cable is replaced by a resistive load having the maximum charaeteristic impedance
for extruded cables (R=50-Q-t6-60-Q generally R, = 40 Q). The doubte pulses are injgcted
in the same position as the calibration pulses for the various test circuits shown in Figures 5,
6 angl 7. Figure 10 shows, as an example, the double pulse gengrator connected to thg test

circult of Figure 5.

The following conditions should apply:

Reing
, some
cpses the dials of the double pulse generator may have numeric (e g.- 0 to 9) markmcs for
pulse separation, in which case it will be*hecessary to use a suitable oscilloscope to
cplibrate these scales in terms of us; the rfequired accuracy is + 3 % or 50 ns whicheyer is
the greater. The overall output impedance should—be—in—therangeof 50Q to60-Q
approximately match the characteristiC impedance of the cable, which is typically ip the
range of 20 Q to 40 Q. To achieve this it may be necessary to add external resistqrs in
parallel to or in series with the output.

Experience has shown that the double pulse plot may be reliably obtained in the follqwing
ways:
—-| The simplest method is to connect the double pulse generator across the high voJtage
capacitor Cx andithe measuring impedance Z, with wires not longer than 3 m.

—| For longer connections a coaxial cable should be used (see Figure 10). In this |case
two adapter reS|stors R1 and R2 are necessary to ensure that the—matehed—ssystem
istanee system
apprOX|mater matches the Characterlstlc |mpedance of the Cable WhICh is typicdlly in
the-rahge of 20 Q to 40 Q.

Thecapacitor Cx and the other high voltage components of the test circuit should bg the
sameand-tave thesame conmections as those usedimthe highvottage test:

The matching unit or detector impedance Z, to be used in the high voltage test should be
used to obtain the double pulse plot.

The detector amplifier D should be used with the gain setting and amplifier frequency
response selected for the high voltage test. For accurate measurement of the changes in
pulse magnitude caused by superposition distortions, the output of the detector amplifier D
should be displayed on an external oscilloscope (for example the oscilloscope used in 5.5
a)).

The time interval of the double pulse generator should be set to 100 us and the-deflections
discharge magnitude of the partial discharge detector to the two pulses 4,4, should be
measured. The time interval should then be reduced from 100 us to 0,2 us; for different
values of an interval t measured between maximum peaks of the two pulses, the maximum
deflection discharge magnitude 4; should be measured. Particular attention should be
given to areas of positive and negative superposition. Values of 4;/44¢¢ should then be
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plotted as a function of ¢ to obtain the double pulse diagram. Examples of diagrams are in
Figures 11 to 13.

The value #, where 4,/44¢9 = 1,4 on the initial positive superposition should be determined
from the plot. Times ¢4, and t, where 4;/4,99 < 1,0 at all areas of negative superposition
should be determined. Taking into account the errors of measurement, areas of negative
superposition with a maximum magnitude up to —10 %-eanr may be ignored.

The cable lengths /, /, and /, corresponding to ¢,, ¢4 and ¢, should be calculated using the
formula / = 0,5 x ¢t x v. The mean propagation velocity is v and typical values for most
extruded cable lie between 150 m/us and 170 m/us. On request the propagation rate shall
be measured by injecting a calibration pulse into a cable not having a terminal impedance

a-.nl PA-O-AG I HA-CL thao 1 dala bhaf dant anrl raflactad ~ulea
A=) llluuoullllv tAe—HhRe uvluy petweertHhetaehRtahRafrereetea PoTSTT

The cable lengths / < [, can be considered as short lengths. These may be as’low as
DO m and even higher than 1 000 m.

engths between 2/, and 2/,-are—consideredforbiddentengths—Theselengths’ have fo be

sted with a terminal impedance (see 5.3.4.2) or under modified conditions of thg test
rcuit (for example D, Z,, Ck) to alter /; and /, to more suitable values. Alternatively} it is
pssible to effectively double the value of [, by connecting bothsénds of the g¢able
gether.

—_

,‘T\"'OO,",.,"I_

5.6 | Requirements for the terminal impedance
5.6.1 General

The ferminal impedance Z,, shown in Figure 8 comprises-either RC or RLC elements which
are selected on the basis of experimental evaluation.

5.6.2 RC element

The following measurement shall be used toprove the suitability of the terminal capacitor|C,,.
The RC element shall be connected in.parallel with the cable across the end remote from the
detegtor. The capacitive component shall be short-circuited and the ohmic component shall be
adjudted to correspond to the ¢haracteristic impedance of the cable. Subsequently the
calibfator shall also be connected to the end remote from the detector and the measured
defleption discharge magnitude a, shall be determined.

With [the same amplifier.setting, the short circuit of the capacitive component of the terminal
impefance shall be removed.

The femoval of-the short circuit of the capacitor (C,,) shall not change the-deflection discharge
magritude ag by more than 15 %.

For FD/detectors having a cut-off frequency lower than 2 MHz, a reasonable estimate fdr the
valug of*the-eapaciter capacitance C,, (high voltage coupling capacitor of Z,) may be obtgined
using the following formula:

1

Cy=>205————
v Ry % fm

where

R, is the ohmic component of the terminal impedance (corresponding approximately to the

characteristic impedance of the cable);

JIm is the mean measuring frequency of the detector (arithmetic mean of the upper and
lower limiting frequencies of the detector).
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For PD measuring instruments having a wide-band amplifier with an upper cut-off frequency
more than 2 MHz in connection with an electronic integrator unit, C,, can be estimated on the
basis of the relation:

T)is
5.6.3

The
ther

With
impe

the ciable. Furthermore the calibrator shall be connected to the end remote-from the detsg
and the measured-deflection discharge magnitude a, shall be determined-

Then| the ohmic resistor shall be removed — with the setting of-the’amplifier kept constq
and feplaced by the terminal impedance, consisting of RLC.

At th

to the resistance R,,,.

The reasured—deﬂeeﬁen discharge magnitude ayshall not change by more than +15 %
r

the t

Reagonable estimates of the values of the capacitance C,, and the inductance L,, mg

obtai

c, >~
RW

the time duration of the original PD pulse (in general smaller than 0,2 us).

RLC element series resonance circuit

pspective measuring frequency.

the terminal impedance removed an ohmic resistor corresponding to the characte
Hance of the cable shall be connected to the end remote from the detectof in paralle

e measuring frequency the ohmic component of the terminal impedance shall corres

minal impedance is connected.

hed by using the following formulas:

27 % f X Ry

(Zﬂxfm) xCy

ollowing measurement shall be used for proving the suitability of the resonant.circpit at

ristic
with
ctor,

pond

when

y be

wherg

Ry is the ohmic component of the terminal impedance (corresponding approximatgly to
thescharacteristic impedance of the cable);

Jm is,the mean measuring frequency of the detector (arithmetic mean of the upper and
lavwar hmitina franiinnnine Af tha Aatactar)-
lowerlimiting-frequencies—ef-the-detestor);

Af is the bandwidth of the detector (upper limiting frequency minus the lower limiting

frequency of the detector).
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IEC

Figure 5 — Input unit Z, connected in series with the coupling capacitor, Cx

Ccal Ccal
VA Cy ]
—t ~ \Wi . - J
C
L
W \ T

C 5

Figure 6 — Input unit.Z, connected in series with the cable, C,

Ccal Ccal
Z 1— 7 Cx
P ! o~ \7 ]
CK_L

IEC

r
p—{"]
-

]

IEC

Figure 7 — Bridge circuit
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Ceal Ceal
z [ Cx
/1 ® -~ — - y
—
QO
ol L
W \%
Zn D Zw H
IEC
Figure 8 — Connection of the terminal impedance Z
Ceal Ceal
7z Y Ck |
{1 o—=/ - - - )
Ck
w Vv
Zp RS D
- IEC
Figure 9 — Connection of the reflection suppressor, RS
Z
) pumaa—|
" eed
R2 CK
M
[N \Y W
|
R1 ZA D
T
—_
IEC

Key

R, matching resistor with a value corresponding to the characteristic impedance of the coaxial signal cable M

R, matching resistor with a value Ry =R ,R71 (load resistance R is typically 20 Q to 40 Q)

Figure 10 — Connection of the double pulse generator
into the measuring circuit in Figure 5
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4100

<~ 2,01

1,41
1,0[——-}— -7
I
| |

Ik 1100 t
IEG
Figure 11 — Double pulse diagram type 1
without negative superposition
t
IEC
NOTE| The influence of the positive superpositian between ¢, and 4 is negligible.
Figure 12 — Double pulse diagram type 2 with negative
superposition between ¢; and 1,
S A
I
< 2,0
t
IEC

Figure 13 — Double pulse diagram type 3 with negative
and positive superpositions between 7, and 7,
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL TEST METHODS FOR ELECTRIC CABLES -

Part 3: Test methods for partial discharge measurements
on lengths of extruded power cables

2015

FOREWORD

Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioan-comyj
alll national electrotechnical committees (IEC National Committees). The object of IEC{is to prf
infernational co-operation on all questions concerning standardization in the electrical and eleetronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter  referred to as]
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natjonal Committee inte
in |[the subject dealt with may participate in this preparatory work. Internatiopal;)governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordance with conditions determin
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters expresss as/nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technicah€ommittee has representation fr
inerested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsibl€_for the way in which they are used or fq
mipinterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
betfween any IEC Publication and the corresponding national or regional publication shall be clearly indica
th¢ latter.

IEC itself does not provide any attestation.af’conformity. Independent certification bodies provide conf]
aspessment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nd liability shall attach to IEC orNts directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out ofSthe publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawnyto~the Normative references cited in this publication. Use of the referenced publicati
indispensable forthe correct application of this publication.

Atfention isdrawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights®™{EC shall not be held responsible for identifying any or all such patent rights.
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This second edition of IEC 60885-3 cancels and replaces the first edition, published in 1988
and constitutes a technical revision.

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

The definition of sensitivity as twice the background noise level has been removed and
replaced by a practical assessment of sensitivity based on the minimum level of

detectable discharge.

References to measurements of pulse heights in mm on an oscilloscope have
replaced by measurements of partial discharge magnitude in pC.

been
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e The order of the clauses has been revised in line with the general numbering scheme of
IEC standards and to provide clarity in order to facilitate its practical use. Section 3 of the
first edition (Application guide) has been removed as it is considered that background
information is better obtained from the original references as listed in the bibliography.

The t

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

A lis
meth|

The
the {

related to the specific publication. At this date, the publicationwill be

-

€

e W

-

q

ext of this standard is based on the following documents:
FDIS Report on voting
20/1560/FDIS 20/1587/RVD

votinpg indicated in the above table.

of all parts in the IEC 60885 series, published under the general.title Electrica
ods for electric cables, can be found on the IEC website.

committee has decided that the contents of this publication will-remain unchanged
tability date indicated on the IEC website under "http://webstore.iec.ch" in the

confirmed,

ithdrawn,

placed by a revised edition, or
mended.
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ELECTRICAL TEST METHODS FOR ELECTRIC CABLES -

Part 3: Test methods for partial discharge measurements
on lengths of extruded power cables

1 Scope

2015

This part of IEC 60885 specifies the test methods for partial discharge (PD) measuremenits on

lengths of extruded power cable, but does not include measurements made on installed
systgms.

Refefrence is made to IEC 60270 which gives the techniques and considerations applical
partial discharge measurements in general.

2 ormative references

cable

le to

The {ollowing documents, in whole or in part, are normativelyseferenced in this documenf and

are indispensable for its application. For dated referencesy only the edition cited applies
undafed references, the latest edition of the refefenced document (including
amendments) applies.

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

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, ‘the terms and definitions given in IEC 60270 apply.

3.2 | Symbols used in Figures 1 to 14

a discharge magnitade measured with the calibrator at the end near to the detector
a, discharge magnitude measured with the calibrator at the end remote from the detec
Ccal | calibrator

CK | coupling capacitor

Cx | power cable

. For
any

tor

D detector

I double pulse generator

/ length of the power cable
M coaxial signal cable

Q discharge magnitude
R1R2 matching resistors

RS reflection suppressor

v propagation velocity of partial discharge

<

voltage indicator

W power supply
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Z
Zp
Zy

impedancef/filter
input unit

terminal impedance

4 Overview

4.1 General

Partial discharge measurements shall be carried out using the test techniques specified in
IEC 60270.

4.2 | Object

The object of the test is to determine the discharge magnitude, or to check that.the discharge
magnitude does not exceed a specified value, at a specified voltage and a declared minimum
sensftivity.

4.3 | Problem of superposition of travelling waves for long lengths

Short lengths of cable behave in the same way as a single capacitor in that the discharge
magnitude can be measured directly by considering the cable,as a single capacitor. However
longer cables behave like a transmission line and PD pulses.fravel away from their source in
both |directions along the cable, in the form of a wave. On-reaching the remote end from the

meas
circu
deteq
pulse

instrdment may give a false response, indicating either a larger or smaller magnitu

disch
meag

Figunes 1 to 4 illustrate the behaviour of travelling waves and possible superposition effeq

uring equipment, the pulse will be reflected with{the same polarity if the end is
t. The reflected pulse will then travel back alofg) the length of cable and arrive g

open
t the

s is short (the time difference depending on the length of the cable) then the det

arge than was actually the case. The(methods detailed in this standard allow cd
urement of partial discharges under these conditions.

=

=

tor at a time after the directly received pulse.™f the time between the arrival of th{ two

ction
e of
rrect

Ck j‘ Void
——— X
1

IEC

Figure 1 — Discharge site exactly at the cable end remote from the detector (x = /)
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Figure 2 — Discharge site at a distance x = x4 — Travelling waves
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Figure 3 — Attenuation of PD pulses along the cable
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Figure 4 — Superposition and attenuation of PD pulses
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5 Partial discharge tests

5.1 Test apparatus
51.1 Equipment

The equipment consists of a high-voltage alternating voltage supply having a rating adequate
to energise the length of cable under test, a voltmeter for high voltages, a measuring circuit, a
discharge calibrator, a double pulse generator and, where applicable, a terminal impedance or
reflection suppressor. All components of the test equipment shall have a sufficiently low noise
level to achieve the required sensitivity. The frequency of the test supply shall be in the range
45 H_ tU 65 HL Wlt;l d decbilapc dpplU)\illldiilly tU d DiIIuDUiUI VVitiI tilc IdtiU Uf pt:a'r\ tU nN.Mm.s.
valugs being equal to V2 with a maximum tolerance of 5 %.

5.1.2 Test circuit and instruments

The {est circuit includes the high voltage power supply, test object, the coupling capacitof and
the HV and PD measuring equipment. The measuring circuit consists”of the measyuring
impefdance (input impedance of the measuring instrument and the inpuf‘lnit which is selg¢cted
to mptch the cable impedance), the connecting lead and the measuring instrument.| The
meaguring instrument or detector includes a suitable amplifyingcdevice, an oscilloscople, or
othell instrument to indicate the existence of partial discharges~and to measure the appprent
charge. The measuring system shall comply with IEC 60270.

5.1.3 Double pulse generator

A dquble pulse generator is an instrument producing two equal pulses (with the same
apparent charge) following each other within a time interval which can be varied betiveen
0,2 to 100 ps. The rise time of the pulses shall not exceed 20 ns (10 % to 90 % of |peak
valug); the time between 10 % values of theffont and the tail shall not exceed 150 ns| The
pulsgs may be synchronized with the powerfrequency.

5.1.4 Terminal impedance

A terfminal impedance is an impedance, equal in value to the characteristic impedance qf the
test object, which is connected.to the open end of the cable remote from the detector. |f may
be al combination of resistance and capacitance (R & C) or resistance, capacitancel and
indugtance (R, C & L). Tthercomponents shall be suitable for operation at the test voltage to
be applied to the cable~under test. Additional requirements are specified in section 5.6.

5.1.5 Reflection 'suppressor

This fis an electronic switch which is designed to block the input of the measuring instrument
from|[pulses reflected from the open end of the cable. This is achieved by blocking the finput
for alfixed-time after the first pulse is received.

5.2 Setting up the test circuit
5.21 Determination of characteristic properties of the test circuit

The characteristic properties of the test circuit should be determined under the conditions to
be used. The test circuits normally used for connections to a single cable end are those
shown in Figures 5, 6, 7, 8 and 9. Similar test circuits are also applicable when both ends of
the cable conductor are connected together; in this case the two ends of the metal cable
screen shall also be connected together.

5.2.2 Terminal impedance

If a terminal impedance is connected to the remote end of the cable under test, with an
impedance value equal to the characteristic impedance of the cable then the cable will behave
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as if it is of infinite length and there will be no reflected wave. The circuit for connection of a
terminal impedance is shown in Figure 8. The values (RC and L where applicable) of the
components of the terminal impedance and its suitability for the type of cable under test
should be demonstrated using the procedure described in 5.6. This check should be carried
out when the test circuit is set up and also when any changes are made to the circuit.

5.2.3 Determination of superposition of travelling waves

If a terminal impedance is not used, it is necessary to determine the properties of the test
circuit with respect to superposition of travelling waves. A double pulse generator is
connected according to Figure 10 and a double pulse diagram is plotted (see 5.5 and
Figumes—tt—t2anmd—+3)—Thisctheckshoutdbecarmedout-whemnm thetestTircuitis—setop and

also Wwhen any changes are made to the circuit.

5.2.4 Reflection suppressor

The purpose of using a reflection suppressor is to obtain a double pulse diagram of Type 1
corrgsponding to Figure 11. Using the arrangement shown in Figure 14, the efficiency qf the
refle¢tion suppressor should be checked by plotting a double pulse~diagram (see 5.9 and
Figures 11, 12 and 13), when the test circuit is set up and also whef~ahy changes are made
to the¢ circuit.

5.2.5 Calibration of the measuring system in the complete test circuit

Calibration of the measuring system in the completg, test circuit shall be carried ot in
accofdance with Clause 5 of IEC 60270:2000. They calibrator used shall comply | with
IEC 60270. For long lengths of cable (> 100 m) there is an additional requirement thgt the
calibrating capacitance shall be not greater than 150 pF.

5.2.6 Sensitivity

The fensitivity of the measuring system* is defined as the minimum detectable discharge
pulsg, gmin (in picocoulombs — pC) that'can be observed in the presence of background npise.

Valug¢ of ¢,,,;, shall be determined:-by evaluation of the background noise level and shall e no
morel than twice the apparentnoise level, &, (h, is the noise reading on the measuring
instrgdment).

Thergfore:

Armin = % X k x hy
wherg k is the' scale factor and x is the ratio of the minimum detectable discharge tp the
background.noise. The maximum allowed value of x is 2. Typically values of x of between| 1,25
and 1,5.should be achievable.

The maximum values of sensitivity shall be determined according to 5.4.

5.3 Measurement procedures
5.3.1 General

The selection of the test circuit depends on whether the cable sample may be considered as a
short length (see 5.3.2) or a long length (see 5.3.3, 5.3.4 and 5.3.5). The test circuit shall be
discharge free in order to achieve the required sensitivity (see 5.2.6). Calibration does not
necessarily have to be done with the HV supply on (see 5.2.5). During the partial discharge
measurement, individual pulses clearly identifiable as interference may be disregarded.
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5.3.2 Short cable lengths including type test lengths
5.3.21 Requirements

For short lengths the cable may be considered similar to a lumped capacitance. The limitation
on length where this is not acceptable depends upon the test circuit used, however it may be
assumed that cable lengths of up to 50 m (or 100 m, if both ends of the cable are connected
together) behave as a lumped capacitance and therefore superposition of reflected waves
need not be taken into account. For longer lengths whether they can be treated as a lumped
capacitance shall be determined using the double pulse diagram as described in 5.5. The
maximum length which can be considered as a lumped capacitance is defined as /. This may
be as low as 100 m or even greater than 1 000 m, depending on the particular measuring
systgm in use.

The {est circuits normally used are those in Figures 5, 6 and 7.

5.3.2.2 Verification of sensitivity

The getermination of the scale factor k for the measurement of the apparent charge shall be
carrigd out in accordance with Clause 5 of IEC 60270:2000. Therefore’ the partial discharge
calibrator shall be connected in parallel with the cable at the end remote from the detector.

5.3.2.3 Test procedure

The measurement shall be made only at one end of the cable.
The fest parameters shall be selected according to 54.

5.3.3 Long cable lengths tested without a terminal impedance
5.3.311 General

For long cable lengths (>50 m or >400 m with ends connected), tested without a terminal
impefdance, it is necessary to plot aldouble pulse diagram.

5.3.3.2 Requirements

For dable lengths in excess of /, it may still be possible to test without a terminal impedance
provided superpositionand attenuation phenomena are taken into account.

A dopble pulse _generator is connected according to Figure 10 and a double pulse diagram is
plotted (see 5.5 and Figures 11, 12 and 13). This shall be carried out when the test cirduit is
set up and alse when any changes are made to the circuit.

A teqt\without terminal impedance is permitted where the double pulse diagram is either

— type 1 (Figure 11), or

— type 2 and type 3 (Figures 12 and 13) but where the cable length, /, lies outside the limits
214 1< 21,

(See 5.5 for the determination of /; and /,.)

For lengths inside these limits an alternative test circuit should be used or the procedures
described in 5.3.4 or 5.3.5 should be adopted.

The test circuits normally used are those shown in Figures 5, 6, 7 and 9.
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5.3.3.3 Verification of sensitivity

The determination of the scale factor k& for the measurement of the apparent charge shall be
carried out in accordance with Clause 5 of IEC 60270:2000. Therefore the partial discharge
calibrator shall be connected in parallel with the cable at the end near to the detector.

For the determination of the attenuation correction factor, the partial discharge calibrator shall
be connected to each end in turn in parallel with the cable with the same setting of the
amplifier and calibration charge. The following values shall be recorded:

— a4 discharge magnitude measured with the calibrator at the end near to the detector;

— ajp discharge magnitude measured with the calibrator at the end remote from the detegtor.

a4 arld a, are used to determine a correction factor F' to allow for attenuation. It is given bjy:

F=1 ifa22a1

az if a2<a1

5.3.3.4 Test procedure

The measurement shall be made twice by connecting the<high voltage end of the coupling
capagitor to each end of the cable in turn. The measured discharge magnitudes 4,4 and 4,
shalllbe determined and the higher value 4 pC) selected. With the correction factor £, the
dischlarge magnitude ¢(pC) is:

max (

qg=A4 x F

The voltage levels used when measuring the highest discharge magnitude 4., shgll be
selegted according to 5.4.

NOTE| Only if the double pulse diagram‘is of type 1 (see Figure 11) and a, > a,, a measurement of A(pC) is
sufficipnt when both cable ends are connécted together (see 5.3.2). The discharge magnitude is then: g = 4.

5.3.:] Long cable lengths-tested with a terminal impedance
5.3.41 General

For long cable lengths (>50 m or >100 m with ends connected), tested with a terminal
impefance, it is)not necessary to plot a double pulse diagram.

5.3.:].2 Requirements

To eliminate superposition errors, cables of length greater than [/, may be tested wjith a
terminal impedance as shown in Figure 8. This method may be used with all detectors and all
cable lengths provided that the impedance Z,, meets the requirements specified in 5.6. The
suitability of the impedance for the cable under test shall be demonstrated using the
procedure described in 5.6.

5.3.4.3 Verification of sensitivity

The partial discharge calibrator shall be connected to each end in turn in parallel with the
cable with the same setting of the amplifier and calibration charge. The following values shall
be recorded:

— a4 (pC) the discharge magnitude measured with the calibrator at the end near to the
detector. This need not be measured if the procedure in 5.3.4.4 b) is sufficient;
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— a, (pC) the discharge magnitude measured with the calibrator at the end remote from the
detector.

For the determination of the scale factor k£ for the measurement of the apparent charge in
accordance with Clause 5 of IEC 60270:2000, the value a, (pC) with the partial discharge
calibrator connected in parallel with the cable at the end remote from the detector shall be
used.

5.34
The t

4 Test procedure

est procedure is as follows.

a) W

p
f

o

b)

The
shall

5.3.5

5.3.5.

For
supp

The

A do

hen it is required to determine the value of the partial discharge magnitude as clossg
bssible, the high voltage end of the coupling capacitor shall be connected to eachre
e cable in turn and both measured discharge magnitudes A4,(pC) and- 4,
ptermined. The discharge magnitude ¢ (pC) is given by:

A x A
CIZQCa|X¢‘ ! 2
aq Xday

here g, is the calibration discharge magnitude (pC).
hen it is sufficient to check that the discharge magnitude-doees not exceed a spe

bnnected to one end of the cable only. In this case the“calibration pulse is injected
the end of the cable connected to the terminal impedance remote from the detector|
ith the measured discharge magnitude A1 (pC).and the scale factor k, the disch
agnitude ¢ (pC) is given by:

q = kyx Ay

voltage levels used when measuring the discharge magnitudes 4, and if necessa
be selected according to 5.4.

Long cable lengths tested)with a reflection suppressor
1 General

ong cable lengths (>50 m or >100 m with ends connected), tested with a reflg
Fessor, it is necessary to plot a double pulse diagram.

tonnection ofithe reflection suppressor is shown in Figure 9.

plotted (see 5.5 and Figures 11, 12 and 13). This shall be carried out when the test cirg
set UT) and“also when any changes are made to the circuit.

ly as
nd of
(pC)

cified

blue, the measurement may be made with the high voltage-end of the coupling capacitor

only

(az)-
arge

ry A2

ction

ible pulse generator is connected according to Figure 10 and a double pulse diagram is

uit is

5.3.5

.2 Requirements

When using a reflection suppressor the double pulse diagram shall be type 1 (see Figure 11).

5.3.5.3 Verification of sensitivity
See 5.3.2.2.
5.3.54 Test procedure

See 5.3.2.3.
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54

Voltage levels/partial discharge limits

The test voltages, partial discharge sensitivity and partial discharge limits shall be determined
in accordance with the requirements in the standard for the type of cable.

5.5

Double pulse behaviour and plotting the double pulse diagram

The double pulse plot is affected by variations in each circuit component. It is important that
the double pulse plot be obtained for the precise conditions to be used in the high voltage
test.

NOTE L 7 AT TWr Ne double | [
solely|on the measuring system and test circuit, excluding the cable.

Telpends

The power cable is replaced by a resistive load having the maximum characteristic impedance

for extruded cables (generally R

max = 40 Q). The double pulses are injected. in the game

positjon as the calibration pulses for the various test circuits shown in Figures 5, 6 apd 7.

The following conditions should apply:

a)

b)

d)

Figu:le 10 shows, as an example, the double pulse generator connected to the test circpit of
Figu

e 5.

he double pulse generator should satisfy the requirements/of 5.1.3. In some casep the
dials of the double pulse generator may have numeric (e7g. 0 to 9) markings for pulse
separation, in which case it will be necessary to use@"suitable oscilloscope to caliprate
these scales in terms of us; the required accuracy is 3 % or 50 ns whichever i$ the
greater. The overall output impedance shouldyapproximately match the charactdristic
impedance of the cable, which is typically in the range of 20 Q to 40 Q. To achieve this it

ay be necessary to add external resistors in.parallel to or in series with the output.

Experience has shown that the double pulsé plot may be reliably obtained in the follgwing
ways:

The simplest method is to connéct the double pulse generator across the high voltage
capacitor Cx and the measuring*impedance Z, with wires not longer than 3 m.

—| For longer connections a coaxial cable should be used (see Figure 10). In this |case
two adapter resistors R4 (@nd R, are necessary to ensure that the system approximately
matches the characterjstic impedance of the cable, which is typically in the range of
20 Qto 40 Q.

he capacitor Cy @nd the other high voltage components of the test circuit should be the
bme and have the same connections as those used in the high voltage test.

T
S

The matchingiunit or detector impedance Z, to be used in the high voltage test should be
uped to obtain the double pulse plot.

T

he detector amplifier D should be used with the gain setting and amplifier freqyency
rgsponse selected for the high voltage test. For accurate measurement of the changes in
plls€” magnitude caused by superposition distortions, the output of the detector ampliriaer D
should be displayed on an external oscilloscope (for example the oscilloscope used in 5.5

a)).

The time interval of the double pulse generator should be set to 100 us and the discharge
magnitude of the partial discharge detector to the two pulses 444y should be measured.
The time interval should then be reduced from 100 us to 0,2 us; for different values of an
interval ¢+ measured between maximum peaks of the two pulses, the maximum discharge
magnitude 4; should be measured. Particular attention should be given to areas of positive
and negative superposition. Values of 4,/4,4¢ should then be plotted as a function of ¢ to
obtain the double pulse diagram. Examples of diagrams are in Figures 11 to 13.

The value 1, where 44499 = 1,4 on the initial positive superposition should be determined
from the plot. Times ¢4, and ¢, where 4,/4,99 < 1,0 at all areas of negative superposition
should be determined. Taking into account the errors of measurement, areas of negative
superposition with a maximum magnitude up to —10 % may be ignored.
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The cable lengths /,, I, and /, corresponding to ¢, 1 and ¢, should be calculated using the
formula / = 0,5 x r x v. The mean propagation velocity is v and typical values for most
extruded cable lie between 150 m/us and 170 m/us. On request the propagation rate shall
be measured by injecting a calibration pulse into a cable not having a terminal impedance
and measuring the time delay between incident and reflected pulse.

The cable lengths / < [, can be considered as short lengths. These may be as low as
100 m and even higher than 1 000 m.

Lengths between 2/, and 2/, have to be tested with a terminal impedance (see 5.3.4.2) or
under modified conditions of the test circuit (for example D, Z,, Ck) to alter /; and I, to
more suitable values. Alternatively, it is possible to effectively double the value of /, by

corhesting-both-endsoi-thecabletogether
5.6 | Requirements for the terminal impedance
5.6.1 General

The ferminal impedance Z,, shown in Figure 8 comprises either RC or RLCLelements
are selected on the basis of experimental evaluation.

5.6.2 RC element

The following measurement shall be used to prove the suitability of the terminal capacitor

The RC element shall be connected in parallel with the cable across the end remote fror

vhich

C

w*

n the

detegtor. The capacitive component shall be short-circuited and the ohmic component shall be

adjugted to correspond to the characteristic impedahce of the cable. Subsequently
calibrator shall also be connected to the end remote from the detector and the meag
discharge magnitude a, shall be determined.

With [the same amplifier setting, the short_¢ircuit of the capacitive component of the ter
impefance shall be removed.

The [removal of the short circuit(of the capacitor (C,) shall not change the disch
magnitude a, by more than +15 %.

For D detectors having a, cut-off frequency lower than 2 MHz, a reasonable estimate fg
valug of the capacitancg'c,, (high voltage coupling capacitor of Z,) may be obtained usin
following formula:

1

Cy>205——m
v Ry X fm

where

the
ured

minal

arge

r the
g the

R

istthe ohmic comnonent of the tarminal imnadance (correspondin roximataely t
SR RpeRehRt—oi—HReteHHhRa+—tHpeaan 'y H PeRa X HRSHE+—+

the

w Hg—appH
characteristic impedance of the cable);

Jm is the mean measuring frequency of the detector (arithmetic mean of the upper and

lower limiting frequencies of the detector).

For PD measuring instruments having a wide-band amplifier with an upper cut-off frequency
more than 2 MHz in connection with an electronic integrator unit, C,, can be estimated on the

basis of the relation:

L 31,

C
w Ry,

T, is the time duration of the original PD pulse (in general smaller than 0,2 ps).
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5.6.3 RLC element series resonance circuit

The following measurement shall be used for proving the suitability of the resonant circuit at

the respective measuring frequency.

With the terminal impedance removed an ohmic resistor corresponding to the characteristic
impedance of the cable shall be connected to the end remote from the detector in parallel with
the cable. Furthermore the calibrator shall be connected to the end remote from the detector,
and the measured discharge magnitude a, shall be determined.

Then the ohmic resistor shall be removed — with the setting of the amplifier kept constant —

and fleplaced by the terminal impedance, consisting of RLC.

At the measuring frequency the ohmic component of the terminal impedance shall corres

to th¢ resistance R,,.

pond

The [measured discharge magnitude a, shall not change by more thany£15 % when the
terminal impedance is connected.
Reagonable estimates of the values of the capacitance C,, and(the inductance L,, mgy be
obtaihed by using the following formulas:
4
Cy>—
" Z”an% X Ry,
S \\ S
v (27r><fm)2 x Cyy
wherg
Ry is the ohmic component of the.terminal impedance (corresponding approximatgly to
the characteristic impedance-of the cable);
JSm is the mean measuring fiequency of the detector (arithmetic mean of the uppef and
lower limiting frequencies’ of the detector);
Af is the bandwidth of the detector (upper limiting frequency minus the lower limiting
frequency of thexdetector).
Ceal Ceal
z J Cx _l
[ o ) - - ——o
o
w \%
Za D

IEC

Figure 5 — Input unit Z, connected in series with the coupling capacitor, Cg
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Ccal Ccal
z \ Cx ]
| S pay v - _ - J
Ck [
=
W \% T H
Zp D
i

IEG

Figure 6 — Input unit Z, connected in series with the cable,.C;

Ccal Ccal
A ( / Cx

U ! \VJ - )—™=°
Ci
w \Y
Zn D Zn
IEC
Figure 7 — Bridge circuit
Ceal Ceal
z I Cx
| a1 _ _ _ y

- n

o]
q [T

g

o
N
Lé

IEC

Figure 8 — Connection of the terminal impedance Z,,
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Cecal Cecal
7 \ Cx |
{1 \V ' - - J

Ck
w Vv

Zp RS D

1
==
IEC

Figure 9 — Connection of the reflection suppressor, RS

IEC

Key
R, m3tching resistor with a value corresponding to the characteristic impedance of the coaxial signal cable M
R, m3tching resistor with a value Ry <R _R71 (load resistance R is typically 20 Q to 40 Q)

Figure 10 — Connection of the double pulse generator
into the measuring circuit in Figure 5

1,0ﬂ--—--i-\ T
!

~Y

T
Ik 1100
IEC

Figure 11 — Double pulse diagram type 1
without negative superposition


https://iecnorm.com/api/?name=f313174a8b44b287d03eb934f6021241

- 20 - IEC 60885-3:2015 © IEC 2015

|
|
+
Ik

I
|
[
1
I

NOTE[ The influence of the positive superposition between ¢, and 14 is negligible.

Figure 12 — Double pulse diagram type 2 with negative
superposition between ¢, and ¢,

IEC

Figure 13 — Double pulse diagram type 3 with negative
and positive superpositions between 7, and 7,

[

o] el
M
Ijt____ \Y W
I
R1 ZA RS D
L

IEC

Figure 14 — Connection of the double pulse generator for
the test circuit in Figure 9 with the reflection suppressor
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AVANT-PROPOS

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale jde. normalisation

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de ("'fEC). L'IEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les donj
de| I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités( X <publie des N
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folrnissent des services d'évaluation“de conformité et, dans certains secteurs, accédent aux marqu
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La Norme internationale IEC 60885-3 a été établie par le comité d'études 20 de I'l[EC: Cables
électriques.

Cette deuxiéme édition de I'lEC 60885-3 annule et remplace la premiére édition parue en
1988. Cette édition constitue une révision technique.
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précédente:

La définition de la sensibilité considérée comme le double du niveau de bruit de fond a été

supprimée et remplacée par une évaluation pratique de la sensibilité en fonction du ni
minimum de décharge détectable.
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Les références aux mesures des hauteurs d'impulsions en mm sur un oscilloscope ont été
remplacées par des mesures de la grandeur de la décharge partielle en pC.
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informations de meilleure qualité sur I’environnement technique.
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Partie 3: Méthodes d'essais pour la mesure des décharges
partielles sur des longueurs de cables de puissance extrudés

1 Domaine d'application

2015

La pi
déch
des 1

Il es
appli

2

Les

résente partie de I'lEC 60885 spécifie les méthodes d'essai pour les mesures
arges partielles sur des longueurs de cables de puissance extrudés, mais ne'traitg
hesures effectuées sur des systémes de cables installés.

| fait référence a I'lEC 60270 qui donne les techniques et considérations géné
cables aux mesures des décharges partielles.

Références normatives

locuments suivants sont cités en référence de maniére~normative, en intégralité g

parti¢, dans le présent document et sont indispensables pour son application. Pou

références datées, seule I'édition citée s’applique~Rour les références non datée
dernigre édition du document de référence {g'applique (y compris les éven
amendements).

IEC $0270:2000, Techniques des essais a haute tension — Mesures des décharges partie

3.1

Pour

3.2

a

[ermes, définitions et symboles

Termes et définitions

Symboles utilisés dans les Figures 1 a 14

grandeur de décharge mesurée avec le dispositif d’étalonnage a I’extrémité prock
détecteur

grandeur de décharge mesurée avec le dispositif d’étalonnage a I'extrémité éloi
du détecteur

des
e pas

rales

uen
r les
s, la
tuels

lles

les besoins du présentidocument, les termes et définitions de I'lEC 60270 s'appliquént.

e du

gnée

Cecal

dispositif d’étalonnage (calibrator)

R1R2
RS

condensateur de couplage (coupling capacitor)

cable de puissance (power cable)

détecteur (detector)

générateur a double impulsion (double pulse generator)
longueur du cable de puissance (length of the power cable)
cable de liaison coaxial (coaxial signal cable)

grandeur de décharge

résistances d’adaptation (matching resistors)

suppresseur de réflexion (reflection suppressor)

vitesse de propagation de la décharge partielle
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indicateur de tension (voltage indicator)
alimentation de puissance (power supply)
impédance/filtre (impedance/filter)

unité d'entrée (input unit)

impédance terminale (terminal impedance)

4 Vue d'ensemble

4.1

Généralités

Les
d'ess

4.2

L’obj
des
minir

4.3

De c
dans
le c3
comr
partir
son
la m
sens

mesures des décharges partielles doivent étre réalisées en utilisant les techn
ai spécifiées dans I'lEC 60270.

Objet

bt de I'essai est de déterminer la grandeur des décharges ou de vérifier que la grarn
écharges ne dépasse pas une valeur spécifiée a une tension spégifiée et une sens
hale déclarée.

burtes longueurs de cable se comportent de la méme,facon qu'un condensateur u
la mesure ou la grandeur de la décharge peut étré&- mesurée directement en consid
ble comme un seul condensateur. Cependanti des cables plus longs se compg
ne une ligne de transmission et les impulsions. de décharges partielles se déplac
de leur source dans les deux directions lelong du cable, sous la forme d'une on
rrivée a l'extrémité éloignée de I'équipement de mesure, l'impulsion sera réfléchie
me polarité, si I'extrémité est en circuijt(ouvert. Ensuite, I'impulsion réfléchie reparti

I'imp
(lad

donner une réponse fausse, indiquant une grandeur supérieure ou inférieure de la déck

par
une

Les
de si

Ilsion recue directement. Si le temps écoulé entre 'arrivée des deux impulsions est
férence de temps étant fonction-de la longueur du céble), l'instrument de détection

pport a sa valeur réelle. Lles méthodes détaillées dans la présente norme permg
esure correcte des décharges partielles dans ces conditions.

perposition.

Probléme de superposition des ondes progressives pour de grandes IongueuLs

ques

deur
bilité

ique
Brant
rtent
ent a
He. A
avec
ra en

inverse le long de la longueur du\ cable et arrivera au niveau du détecteur aprés

court
peut
arge
bttent

Figures 1 a 4 illustrent le comportement des ondes progressives et les éventuels ¢ffets

l
Ck Cavité l
|

IEC

Figure 1 — Décharge située exactement a I’extrémité du cable
éloignée du détecteur (x = /)
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Figure 2 — Décharge située a une distance x = x, — Ondes progressives
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Figure 3 — Atténuation des impulsions de décharges partielles le long du céble
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