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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 145 
____________ 146 

 147 

HIGH-VOLTAGE TEST TECHNIQUES – 148 

CHARGE-BASED MEASUREMENT OF PARTIAL DISCHARGES  149 

 150 

FOREWORD 151 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 152 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 153 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 154 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 155 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 156 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 157 
in the subject dealt with may participate in this preparatory work. International, governmental and non-158 
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 159 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 160 
agreement between the two organizations. 161 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 162 
consensus of opinion on the relevant subjects since each technical committee has representation from all 163 
interested IEC National Committees.  164 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 165 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 166 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 167 
misinterpretation by any end user. 168 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 169 
transparently to the maximum extent possible in their national and regional publications. Any divergence 170 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 171 
the latter. 172 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 173 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 174 
services carried out by independent certification bodies. 175 

6) All users should ensure that they have the latest edition of this publication. 176 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 177 
members of its technical committees and IEC National Committees for any personal injury, property damage or 178 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 179 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 180 
Publications.  181 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 182 
indispensable for the correct application of this publication. 183 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 184 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 185 

 186 

International Standard IEC 60270 has been prepared by IEC technical committee 42: High-187 
Voltage and High-Current Measurement Techniques. 188 

This fourth edition cancels and replaces the third edition published in 2000, and Amendment 189 
1:2015. This edition constitutes a technical revision.  190 

This edition includes the following significant technical changes with respect to the previous 191 
edition: 192 

a) Use with alternating voltages up to 500 Hz or with direct voltage 193 

b) Clear focus on charge-based Partial Discharge measurements 194 

c) Streamlined performance checks for Partial discharge measurement system components 195 

d) Improved normative Annex for Performance tests on calibrators 196 
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e) Revised and new informative Annexes 197 

The text of this International Standard is based on the following documents: 198 

Draft Report on voting 

42/XX/FDIS 42/XX/RVD 

 199 
Full information on the voting for its approval can be found in the report on voting indicated in 200 
the above table. 201 

The language used for the development of this International Standard is English. 202 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 203 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, 204 
available at www.iec.ch/members_experts/refdocs. The main document types developed by 205 
IEC are described in greater detail at www.iec.ch/standardsdev/publications. 206 

The committee has decided that the contents of this document will remain unchanged until the 207 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 208 
specific document. At this date, the document will be  209 

• reconfirmed, 210 

• withdrawn, 211 

• replaced by a revised edition, or 212 

• amended.  213 

 214 

 215 

 216 

 217 

 218 

 219 

DISCLAIMER 
This Consolidated version is not an official IEC Standard and has been prepared for user 
convenience. Only the current versions of the standard and its amendment(s) are to be 
considered the official documents. 

This Consolidated version of IEC 60270 bears the edition number 3.1. It consists of the 220 
third edition (2000-12) [documents 42/162/FDIS and 42/165/RVD] and its corrigendum 1 221 
(2001-10), and its amendment 1 (2015-11) [documents 42/338/FDIS and 42/340/RVD]. The 222 
technical content is identical to the base edition and its amendment. 223 

This Final version does not show where the technical content is modified by  224 
amendment 1. A separate Redline version with all changes highlighted is available in 225 
this publication. 226 

 227 

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 document using a colour printer. 

228 
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HIGH-VOLTAGE TEST TECHNIQUES – 229 

CHARGE-BASED MEASUREMENT OF PARTIAL DISCHARGES  230 

1 Scope 231 

This International Standard is applicable to the measurement of partial discharges which 232 
occur in electrical apparatus, components or systems when tested with alternating voltages up 233 
to 500 Hz or with direct voltage. 234 

This standard 235 

– defines the terms used; 236 

– defines the quantities to be measured; 237 

– describes test and measuring circuits which may be used; 238 

– defines analogue and digital measuring methods required for common applications; 239 

– specifies methods for calibration and requirements of instruments used for calibration;  240 

– gives guidance on test procedures;  241 

– gives some assistance concerning the discrimination of partial discharges from external 242 
interference. 243 

The provisions of this standard should be used in the drafting of specifications relating to 244 
partial discharge measurements for specific power apparatus. It deals with electrical 245 
measurements of impulsive (short-duration) partial discharges, but reference is also made to 246 
non-electrical methods primarily used for partial discharge location (see annex F). It has the 247 
status of a horizontal standard in accordance with IEC Guide 108. 248 

This horizontal standard is primarily intended for use by technical committees in the 249 
preparation of standards in accordance with the principle laid down in IEC Guide 108. One of 250 
the responsibilities of a technical committee is, wherever applicable, to make use of horizontal 251 
standards in the preparation of its publications. The contents of this horizontal standard will 252 
not apply unless specifically referred to our included in the relevant publications. Diagnosis of 253 
the behaviour of specific power apparatus can be aided by digital processing of partial 254 
discharge data (see annex E) and also by non-electrical methods that are primarily used for 255 
partial discharge location (see annex F). 256 

This standard is primarily concerned with electrical measurements of partial discharges made 257 
during tests with alternating voltage, but specific problems which arise when tests are made 258 
with direct voltage are considered in clause 11. 259 

The terminology, definitions, basic test circuits and procedures often also apply to tests with 260 
other frequencies, but special test procedures and measuring system characteristics, which 261 
are not considered in this standard, may be required. 262 

Annex A provides normative requirements for performance tests on calibrators. 263 

NOTE 1 IEC 60270 defines and provides guidance for charge-based direct electrical PD measurements at the 264 
terminals of the equipment under test in differentiating from other PD measurement and detection methods, e.g. 265 
acoustic PD techniques or electromagnetic methods in elevated frequency ranges as e.g. ultra-high frequency band 266 
(UHF). 267 

2 Normative references 268 

The following normative documents contain provisions which, through reference in this text, 269 
constitute provisions of this International Standard. For dated references, subsequent 270 
amendments to, or revisions of, any of these publications do not apply. However, parties to 271 
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agreements based on this International Standard are encouraged to investigate the possibility 272 
of applying the most recent editions of the normative documents indicated below. For undated 273 
references, the latest edition of the normative document referred to applies. Members of IEC 274 
and ISO maintain registers of currently valid International Standards. 275 

IEC 60060-1, High-voltage test techniques – Part 1: General definitions and test 276 
requirements. 277 

IEC 60060-2, High-voltage test techniques – Part 2: Measuring systems 278 

IEC TS 62478, High voltage test techniques – Measurement of partial discharges by 279 
electromagnetic and acoustic methods 280 

 281 

3 Terms and definitions 282 

For the purposes of this document, the following terms and definitions apply. 283 

3.1 284 
partial discharge (PD) 285 
localized electrical discharge that only partially bridges the insulation between conductors and 286 
which may or may not occur adjacent to a conductor 287 

NOTE 1 Partial discharges are in general a consequence of local electrical stress concentrations in the insulation 288 
or on the surface of the insulation. Generally, such discharges appear as pulses having a duration of much less 289 
than 1 µs. More continuous forms can, however, occur, such as the so-called pulse-less discharges in gaseous 290 
dielectrics. This kind of discharge will normally not be detected by the measurement methods described in this 291 
standard. 292 

NOTE 2 "Corona" is a form of partial discharge that occurs in gaseous media around conductors which are remote 293 
from solid or liquid insulation. "Corona" should not be used as a general term for all forms of PD. 294 

NOTE 3 Partial discharges are accompanied by emission of acoustic transients (sound), electromagnetic waves, 295 
optical signals (light), heat, and associated chemical reactions. For further information, see annex F. 296 

3.2 297 
partial discharge pulse (PD pulse) 298 
produced by a partial discharge occurring within the object under test, measured using 299 
suitable detector circuits introduced into the test circuit. 300 

NOTE A partial discharge which occurs in the test object produces a current pulse at its origin. A detector in 301 
accordance with the provisions of this standard produces a current or a voltage signal at its output proportional to 302 
the charge of the PD pulse. 303 

3.3 304 
quantities related to partial discharge pulses 305 

3.3.1 306 
apparent charge q  307 
of a PD pulse is that charge which, if injected between the terminals of the test object in a 308 
specified test circuit, would result in the same reading on the measuring instrument as the PD 309 
pulse itself, typically expressed in units of picoCoulombs (pC) or nanoCoulombs (nC). 310 

NOTE The apparent charge is not equal to the amount of charge locally involved at the site of the discharge, which 311 
cannot be measured directly. 312 

3.3.2 313 
pulse repetition rate n 314 
ratio between the total number of PD pulses recorded in a selected time interval and the 315 
duration of this time interval 316 
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NOTE In practice, only pulses above a specified magnitude or within a specified range of magnitudes are 317 
considered. 318 

3.3.3 319 
pulse repetition frequency N 320 
number of partial discharge pulses per second, in the case of equidistant pulses 321 

3.3.4 322 
phase angle φi and time ti of occurrence of a PD pulse 323 
is given by 324 

φi = 360 (ti/T) 325 

where ti is the time measured between the preceding positive going zero crossing of the test 326 
voltage and the partial discharge pulse and T is the period of the test voltage, with the phase 327 
angle being expressed in degrees (°). 328 

3.3.5 329 
apparent average discharge current I 330 
is a derived quantity consisting of the sum of the absolute values of individual apparent 331 
charge magnitudes q i during a chosen reference time interval Tref divided by this time 332 
interval: 333 

( )i2
ref

...1
1

qqq
T

I +++=  334 

and is generally expressed in coulombs per second (C/s) or in amperes (A).  335 

 336 

3.3.6 337 
apparent discharge power P 338 
is a derived quantity, generally expressed in watts (W), consisting of the average pulse power 339 
fed into the terminals of the test object due to apparent charge magnitudes qi during a chosen 340 
reference time interval Tref: 341 

( )ii2211
ref

...1 uququq
T

P +++=  342 

where u1, u2... ui are the instantaneous values of the test voltage at the instants of 343 
occurrence ti of the individual apparent charge magnitudes q i.; the sign of the individual 344 
values must be observed. 345 

3.3.7 346 
radio interference or radio disturbance meter 347 
is a specialized measurement receiver utilizing weighted quasi-peak RF measurements on 348 
frequency B in accordance with CISPR 16-1. 349 

NOTE This type of instrument was commonly known as ‘RIV’ or ‘radio interference voltage’ or ‘radio influence 350 
voltage’ meter in earlier times, having been applied to search for HV equipment producing high levels of corona 351 
which in turn would interfere with LW and MW broadcast transmission.  352 

3.3.8 353 
radio disturbance voltage URDV 354 
the output reading of a radio interference meter, generally expressed in µV.  355 
For further information, see 4.6 and Annex D. 356 
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3.4 357 

largest repeatedly occurring PD magnitude QIEC 358 
the value recorded by a measuring system which has the pulse train response as specified in 359 
4.3.3, commonly realized by a quasi-peak detector or a digital emulation of such a circuit, 360 
applicable for AC voltages. 361 
 362 

3.5. peak apparent charge Qpk 363 
the largest value recorded by a PD measuring system, commonly realized by a peak detector 364 
or a digital emulation of such circuit, applicable for DC voltages.  365 
 366 

3.6 367 
specified partial discharge magnitude  368 
is the largest magnitude of any quantity related to PD pulses permitted in a test object at a 369 
specified voltage following a specified conditioning and test procedure; for alternating voltage 370 
tests, this is the largest repeatedly occurring apparent charge q. 371 

NOTE The magnitude of any PD pulse quantity can vary stochastically in successive cycles and also show a 372 
general increase or decrease with time of voltage application. The specified PD magnitude, the test procedure and 373 
also the test circuit and instrumentation should therefore be appropriately defined by the relevant technical 374 
committees. 375 

3.7 376 
background noise and interference/disturbances 377 
are extraneous signals detected during PD tests, which are not PD and do not originate in the 378 
test object. 379 

NOTE 1 Background or electrical noise is defined as originating in the PD measurement equipment itself, i.e. 380 
thermal/Shot/1/f noise in resistors and amplifiers. 381 

NOTE 2 Interference or disturbances may originate from external sources such as motor drives, thyristor control 382 
circuits, terrestrial broadcast stations, etc. Moreover, external interference can also arise from corona or surface 383 
discharges external to the test object; such PD-like interference can be extremely challenging to differentiate from 384 
PD signals within the test object. Refer to Annex G for further information. 385 

3.8 386 
test voltages related to partial discharge pulse quantities 387 

NOTE Voltages as defined in e.g. IEC 60060-1. 388 

3.8.1 389 
partial discharge inception voltage Ui 390 
the applied voltage at which repetitive partial discharges are first observed in the test object, 391 
after being gradually increased from a lower value at which no partial discharges are 392 
observed; in practice, the lowest applied voltage at which the magnitude of a PD pulse 393 
quantity becomes equal to or exceeds a specified minimum value. 394 

NOTE For tests with direct voltage, the determination of U i needs special considerations. See clause 11. 395 

3.8.2 396 
partial discharge extinction voltage Ue 397 
the applied voltage at which repetitive partial discharges cease to occur in the test object, 398 
after being gradually decreased from a higher value at which PD pulse quantities are 399 
observed; in practice, the lowest applied voltage at which the magnitude of a chosen PD 400 
pulse quantity becomes equal to, or less than, a specified low value. 401 

NOTE For tests with direct voltage, the determination of Ue needs special considerations. See clause 11. 402 

3.8.3 403 
partial discharge test voltage 404 
the specified voltage, applied in a specified partial discharge test procedure, during which the 405 
test object should not produce PD exceeding a specified partial discharge magnitude 406 
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NOTE Partial discharges are usually measured at AC sinusoidal waveform. In real conditions, the test voltage also 407 
contains harmonics that modify the shape of the voltage waveform and can thus be considered as a disturbance 408 
affecting the PD pulse parameters and PD phase-resolved patterns. Such disturbances should be taken into 409 
account and documented during PD measurements. See Annex G for further information.  410 

3.9 411 
partial discharge measuring system 412 
consists of a coupling device, a transmission system and a partial discharge measuring 413 
instrument 414 

3.10 415 
measuring system characteristics  416 

3.10.1 417 
transfer impedance Z(f) 418 
ratio of the output voltage amplitude to a constant input current amplitude as a function of 419 
frequency f when the input is sinusoidal 420 

3.10.2 421 
lower and upper limit frequencies f1 and f2 422 
are the frequencies at which the transfer impedance Z(f) has fallen by 6 dB from the peak 423 
pass-band value 424 

3.10.3 425 
midband frequency fm and bandwidth ∆f 426 
for all kinds of measuring systems, the midband frequency is defined by: 427 

2
21

m
ff

f
+

=  428 

and the bandwidth is defined by: 429 

∆f = f2 – f1 430 

3.10.4 431 
superposition error  432 
is caused when successive PD pulses overlap one another because the time interval between 433 
successive pulses is less than the duration (settling time) of a single pulse response; it is also 434 
known as 'pulse pile-up'. 435 

NOTE 1 Superposition errors can be additive or subtractive depending on the pulse repetition rate of the incoming 436 
pulses in combination with the transient response of the detector circuit elements. In practical circuits, both types 437 
will occur due to the random nature of the pulse repetition rate. However, since measurements are based on the 438 
largest repeatedly occurring PD magnitude, usually only the additive superposition errors will be measured 439 

NOTE 2 Superposition errors can attain levels of 100 % or more depending on the pulse repetition rate and the 440 
characteristics of the measuring system. 441 

3.10.5 442 
pulse resolution time tres  443 
is the shortest time interval between two consecutive PD pulses within which the PD 444 
measurement instrument is still able to resolve two separate pulses and for which the peak 445 
value of the resulting response does not change by more than 10% of the value for a single 446 
pulse 447 

NOTE 1 The pulse resolution time is an indication of the PD measuring system's ability to resolve successive PD 448 
pulses and is inversely proportional to the lower frequency cut-off of the PD measurement bandwidth fL. 449 

NOTE 2 It is recommended that the pulse resolution time be measured for the whole test circuit, as well as for the 450 
measuring system, as superposition errors can be caused by the test object, for example reflections from cable 451 
ends. The relevant technical committees should specify the procedure for handling superposition errors and 452 
particularly, the allowable tolerances including their signs. 453 
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3.10.6  454 

dead time 455 
is defined as the time period following successful digital acquisition of a PD pulse during 456 
which the instrument does not accept or acquire signals or neglect detected pulses  457 

NOTE 1 Dead time is closely related to pulse resolution time  458 

NOTE 2 Especially for strongly oscillatory input signals, a dead time is introduced in order to avoid false or repeat 459 
triggering on successive oscillatory remnants of the same pulse. 460 

 461 

3.10.7 462 
noise modulation 463 
results from superimposition of an actual PD pulse with a simultaneously occurring noise 464 
signal leading to an incorrect registering of the peak amplitude of the PD signal. 465 

NOTE Such noise modulation occurs when calibrating and measuring low amplitude PD pulses close to the noise 466 
floor and can cause apparent non-linearities in such cases. 467 

3.10.8 468 
integration error (of apparent charge measurement) 469 
occurs when the upper frequency limit of the PD current pulse amplitude-spectrum is lower 470 
than  471 

• the upper cut-off frequency of a wideband measuring system; or 472 

• the mid-band frequency of a narrow-band measuring system. 473 

See figure 5. 474 

NOTE If required for a special type of apparatus, the relevant technical committees are urged to specify more 475 
restrictive values for f1 and f2 to minimize the integration error. 476 

3.11 477 
digital partial discharge instruments 478 
perform digital acquisition and evaluation of the PD data as described in Annex E 479 

3.12 480 
scale factor k 481 
is the factor by which the value of the instrument reading is to be multiplied to obtain the 482 
value of the input quantity  483 

NOTE In modern digital PD measurement instruments, the scale factor is automatically calculated internally and 484 
therefore usually not accessible to the user. After calibration, the instruments display the result of the multiplication 485 
with the internal scale factor k. 486 

3.13 487 
accumulated apparent charge qa 488 
sum of the apparent charge q of all individual pulses exceeding a specified threshold level, 489 
and occurring during a specified time interval ∆t 490 

3.13 491 
PD pulse count m 492 
total number of PD pulses which exceed a specified threshold level within a specified time 493 
interval ∆t 494 

3.14 495 
Phase resolved PD pattern (PRPD) 496 

display of the apparent charge q versus the phase angle φi of the PD pulses recorded during 497 
a specified time interval ∆t 498 
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NOTE See Annex E Figure E.4 Conceptual diagram of phase-resolved PD pattern (PRPD) diagram.  499 

4 Test circuits and measuring systems 500 

4.1 General requirements 501 

In this clause, basic test circuits and measuring systems for partial discharge quantities are 502 
described, and information on the operating principle of these circuits and systems is 503 
provided. The test circuit and measuring system shall be calibrated as specified in clause 5 504 
and shall meet the requirements specified in clause 7.  505 

The relevant technical committee may also recommend a particular test circuit to be used for 506 
particular test objects. It is recommended that the technical committees use apparent charge 507 
as the quantity to be measured wherever possible, but other derived quantities may be used 508 
in particular specific situations. 509 

A number of derived quantities such as ‘PD pulse repetition rate n’, ‘average apparent 510 
discharge current’, ‘apparent discharge power’, etc. may be derived using appropriate 511 
algorithms employed by the charge-based PD measurement instrument, either in real-time or 512 
via post-processing. These derived quantities may be desirable for characterizing or 513 
quantifying certain aspects of the test object’s PD behaviour, i.e. assessing risk or fulfilling 514 
acceptance criteria, and may be specified by the relevant equipment committees. 515 

If not otherwise specified by the relevant technical committee, any of the test circuits 516 
mentioned in 4.2 and any of the measuring systems as specified in 4.3 are acceptable. In 517 
each case, the most significant characteristics of the measuring system (f1, f2, Tr, see 3.9.2 518 
and 3.10.5) as applied, shall be recorded.  519 

For tests with direct voltage, see clause 11. 520 

4.2 Test circuits for alternating voltages 521 

Most circuits in use for partial discharge measurements can be derived from one or other of 522 
the basic circuits, which are shown in figures 1a to 1d. Some variations of these circuits are 523 
shown in figures 2 and 3. Each of these circuits consists mainly of 524 

– a test object, which can usually be regarded as a capacitor Ca (see, however, annex C); 525 

– a coupling capacitor Cc, which shall be of low inductance design, or a second test object 526 
Ca1, which shall be similar to the test object Ca. Cc or Ca1 should exhibit a sufficiently low 527 
level of partial discharges at the specified test voltage to allow the measurement of the 528 
specified partial discharge magnitude. A higher level of partial discharges can be tolerated 529 
if the measuring system is capable of distinguishing the discharges from the test object 530 
and the coupling capacitor and measuring them separately; 531 

– a measuring system with its input impedance (and sometimes, for balanced circuit 532 
arrangements, a second input impedance); 533 

– a high-voltage supply, with sufficiently low level of background noise (see also clauses 9 534 
and 10) to allow the specified partial discharge magnitude to be measured at the specified 535 
test voltage; 536 

– high-voltage connections, with sufficiently low level of background noise (see also 537 
clauses 9 and 10) to allow the specified partial discharge magnitude to be measured at the 538 
specified test voltage; 539 

– A ‘blocking impedance’ (filter) may be introduced at the high voltage supply input 540 
connection to the PD measurement circuit whose purpose is to reduce or eliminate 541 
interference originating in the HV power supply itself. 542 

NOTE For each of the basic PD test circuits shown in figures 1 and 3, the coupling device of the measuring system 543 
can also be placed at the high-voltage terminal side, so that the positions of the coupling device with Ca or Cc are 544 
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exchanged; then, optical links are used for the interconnection of the coupling device with the instrument, as 545 
indicated in figure 1a. 546 

Additional information and particular characteristics of the different test circuits are 547 
considered in annexes B and G. 548 

4.3 Measuring systems for apparent charge 549 

4.3.1 General 550 

Partial discharge measuring systems can be divided into the subsystems: coupling device, 551 
transmission system (for example, connecting cable or optical link) and measuring instrument. 552 
In general, the transmission system does not contribute to the circuit characteristics and will 553 
thus not be taken into consideration. 554 

4.3.2 Coupling device or ‘quadrupole’ 555 

The coupling device is an integral part of the measuring system and test circuit, with 556 
components specifically designed to achieve the optimum sensitivity with a specific test 557 
circuit. Different coupling devices may thus be used in conjunction with a single measuring 558 
instrument.  559 

The coupling device is an active or passive four-terminal network (‘quadrupole’) whose 560 
function is to convert the current iPD, arising from PD in the test object and circulating in the 561 
specified test circuit through coupling capacitor Cc, to an output voltage. This output voltage 562 
signal is then transmitted to the PD measuring instrument by means of a transmission system. 563 
The coupling device is normally designed so that its frequency response prevents the test 564 
voltage frequency and its harmonics from reaching the PD measuring instrument.” 565 

NOTE 1 Though the frequency response of an individual coupling device is not of general interest, the magnitude 566 
and frequency characteristics of the input impedance are of importance as this impedance interacts with Cc and 567 
CDUT and is thus an essential part of the test circuit. 568 

NOTE 2 Interconnection leads between the coupling device and the test object should be kept as short as practical 569 
so as to minimize effects on the detection bandwidth. 570 

NOTE 3 The relevant technical committee may provide recommendations concerning the withstand capability of 571 
components in the specified test circuit in the case of breakdown (flashover). 572 

4.3.3 Pulse train response of instruments for the measurement of apparent charge 573 

Provided the amplitude frequency spectrum of the input pulses is constant at least within the 574 
bandwidth ∆f of the measuring system (see figure 5), the response of the instrument is a 575 
voltage pulse with a peak value proportional to the (unipolar) charge of the input pulse. The 576 
shape, duration and the peak value of this output pulse are determined by the transfer 577 
impedance Z(f) of the measuring system. Thus, the shape and duration of the output pulse 578 
can be completely different from that of the input signal.  579 

Display of the individual output voltage pulses on the screen of an oscilloscope can assist in 580 
recognizing the origin of partial discharges and in distinguishing them from disturbances (see 581 
clause 10). The voltage pulses should be displayed either on a linear time-base which is 582 
triggered by the test voltage, or on a sinusoidal time base synchronized with the test voltage 583 
frequency or an elliptical time-base which rotates synchronously with the test voltage 584 
frequency.  585 

In addition, it is particularly recommended that an indicating instrument or recorder should be 586 
used to quantify the largest repeatedly occurring PD magnitude. The reading of such 587 
instruments, when used in testing with alternating voltage, should be based on an analogue 588 
peak detection circuit, or digital peak detection by software, with a very short electrical charge 589 
time constant and an electrical discharge time constant not larger than 0,44 s. Independent of 590 
the type of display used in such instruments, the following requirements apply:  591 
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The response of the system to a pulse train consisting of equally large equidistant pulses q0 592 
with a known pulse repetition frequency N, shall be such that the reading R of the instrument 593 
indicates magnitudes as given in the following table. The range and gain of the instrument is 594 
assumed to be adjusted to read full scale or 100 % for N = 100. The calibrator used to 595 
produce the pulses shall conform to the requirements of clause 5. 596 

597 
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 598 

Table 1 – Pulse train response of PD instruments 599 

 600 

N (1/s): 0,1 0,2 0,5 1 2 5 10 50 ≥100 

 

R (%): 

>2 >5 >17 >35 >5
5 

>76 >8
5 

>94 >95 

<8 <12 <27 <45 <6
5 

<86 <9
5 

<104 <105 

 601 

 602 

NOTE 1 This characteristic is necessary to establish compatibility of readings obtained with different types of 603 
instruments. The requirement is to be fulfilled on all ranges. Instruments already in use at the date of issue of this 604 
standard are not required to comply with these requirements; however, the actual values for R(N) should be given. 605 

NOTE 2 The measured quantity can be indicated, for example, on pointer instruments, digital displays or 606 
oscilloscopes. 607 

NOTE 3 The specified response may be obtained either by analogue or by digital signal processing. 608 

NOTE 4 The pulse train response defined in this subclause is not appropriate for direct voltage tests. 609 

NOTE 5 The relevant technical committee may specify a different response tailored to a particular apparatus. 610 

4.3.4 Wide-band PD measuring instruments 611 

In combination with the coupling device, this type of instrument constitutes a wide-band PD 612 
measuring system which is characterized by a transfer impedance Z(f) having fixed values 613 
of the lower and upper limit frequencies f1 and f2, and adequate attenuation below f1 and 614 
above f2. Recommended values for the significant frequency parameters f1, f2 and ∆f are: 615 

 30 kHz ≤ f1 ≤ 100 kHz; 616 

f2 ≤ 1 MHz; 617 

 100 kHz ≤ ∆f ≤ 900 kHz. 618 

NOTE 1 Combinations of different coupling devices with the measuring instrument can alter the transfer 619 
impedance. The overall response should, however, always fulfil the recommended values. 620 

NOTE 2 For test objects with windings like transformers and electrical machines the acquired frequency band may 621 
be reduced down to a few 100 kHz and even below. The upper limit frequency f2 to be accepted for such kinds of 622 
test objects should be specified by the relevant Technical Committee. 623 

NOTE 3 The pulse resolution time Tr is small and is typically 5 µs to 20 µs. 624 

The response of these instruments to a (non-oscillating) partial discharge current pulse is in 625 
general a well-damped oscillation. Both the apparent charge q and polarity of the PD current 626 
pulse can be determined from this response.  627 

4.3.5 Wide-band PD instruments with active integrator 628 

This type of instrument consists of a very wide-band amplifier followed by an electronic 629 
integrator which is characterized by the time constant of its integrating capacitor and resistor 630 
network. The response of the integrator to a PD pulse is a voltage signal increasing with the 631 
instantaneous sum of charge. The final amplitude of the signal is thus proportional to the total 632 
charge, assuming that the time constant of the integrator is much larger than the duration 633 
of the PD pulse. In practice, time constants in the range of 1 µs are typical. The pulse 634 
resolution time for consecutive PD pulses is less than 10 µs. 635 
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NOTE A corresponding upper limit frequency of some hundred kilohertz can be attributed to such instruments, 636 
calculated from the time constant of the combination of the amplifier and active integrator. 637 

4.3.6 Narrow-band PD instruments  638 

These instruments are characterized by a small bandwidth ∆f and a midband frequency fm, 639 
which can be varied over a wide frequency range, where the amplitude frequency spectrum of 640 
the PD current pulse is approximately constant. Recommended values for ∆f and fm are 641 

  9 kHz ≤ ∆f ≤ 30 kHz 642 

50 kHz ≤ fm ≤ 1 MHz. 643 

It is further recommended that the transfer impedance Z(f) at frequencies of fm ± ∆f should be 644 
20 dB below the peak pass-band value.  645 

Radio disturbance meters with quasi-peak response are not qualified under this standard for 646 
the measurement of the apparent charge q, but they can be used for detection of PD. 647 

NOTE 1 During actual apparent charge measurements, midband frequencies fm > 1 MHz should only be applied if 648 
the readings for such higher values do not differ from those as monitored for the recommended values of fm. 649 

NOTE 2 In general, such instruments are used together with coupling devices providing high-pass characteristics 650 
within the frequency range of the instrument. If resonance coupling devices are used, fm has to be tuned and fixed 651 
to the resonance frequency of the coupling device and the test circuit to provide a constant scale factor of the 652 
circuit. 653 

NOTE 3 Narrow-band instruments typically follow the superheterodyne (‘superhet’) principle, where a mixer 654 
multiplies the input signal with the signal of a local oscillator. The product is processed via an intermediate 655 
amplifier and a detector. An intermediate bandwidth of 100kHz and above offers sufficient pulse resolution time for 656 
PD pattern acquisition. 657 

The response of these instruments to a partial discharge current pulse is a transient 658 
oscillation with the positive and negative peak values of its envelope proportional to the 659 
apparent charge, independent of the polarity of this charge. The pulse resolution time Tr will 660 
be large, typically above 80 µs. 661 

4.4 Requirements for measurements with digital PD-instruments 662 

The minimum requirement for a digital PD-instrument is to: 663 

– display the value of the largest repeatedly occurring PD magnitude. The instrument shall 664 
conform to the requirements of 4.3.3. 665 

Additionally, one or more of the following quantities may be evaluated and recorded: 666 

– the apparent charge q i occurring at time instant ti; 667 

– the instantaneous value of the test voltage ui as measured at the time instant ti of 668 
occurrence of the individual apparent charge q i; 669 

– the phase angle φi of occurrence of the PD pulse occurring at time ti.  670 

4.4.1 Requirements for measurement of apparent charge q 671 

The time between successive updates of the digital display shall not exceed 1 s. 672 

The instrument response will normally include some level of continuous or base line noise. 673 
This noise can be caused by background disturbances/interference or by a large number of 674 
partial discharge pulses whose magnitude is small compared with the highest level to be 675 
measured. Thus, a bipolar sensitivity threshold may be introduced to prevent such signals 676 
from being recorded. If a threshold level is used, this level shall be recorded. 677 
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Guidelines regarding the digital acquisition of the analogue response signals are provided in 678 
annex E. 679 

4.4.2 Requirements for measurement of test voltage magnitude and phase 680 

If the digital instrument is stated to be able to record the voltage level of the power frequency 681 
test voltage, it shall comply with the requirements of IEC 60060-2, 1994. 682 

If the instrument is stated to be able to measure the phase angle of the test voltage, it shall 683 
be suitably demonstrated that the phase displacement of the reading is within 5 degrees of 684 
the true value. 685 

4.5 Measuring systems for derived quantities 686 

4.5.1 Coupling device 687 

The provisions of 4.3.2 are also valid for measuring systems for derived quantities. 688 

4.5.2 Instruments for the measurement of pulse repetition rate n 689 

An instrument for the determination of the pulse repetition rate shall have a sufficiently short 690 
pulse resolution time Tr to resolve the highest pulse repetition rate of interest. Magnitude 691 
discriminators which suppress pulses below an adjustable, predetermined magnitude, may be 692 
required to avoid counting of non-significant signals. Several discriminator levels can be 693 
suitable to characterize PD, for example, in tests with direct voltage. 694 

It is recommended that the counter input is connected to the output of a PD measuring system 695 
as described in 4.3. If a pulse counter is used with a PD measuring system with oscillatory or 696 
bi-directional response, suitable pulse processing must be performed to avoid obtaining more 697 
than one count per pulse.  698 

4.5.3 Instruments for the measurement of average discharge current I 699 

In principle, instruments which measure the average value of the discharge current pulses 700 
after linear amplification and rectification will indicate, when suitably calibrated, the average 701 
discharge current I. Errors can be introduced into this measurement due to  702 

• amplifier saturation at low pulse repetition rate n; 703 

• pulses occurring with separation times less than the pulse resolution time Tr of the system; 704 

• low-level partial discharges being below the detection threshold of the digital acquisition 705 
equipment.  706 

NOTE Such sources of error should be taken into account when evaluating such measurements and documented in 707 
the resulting report. 708 

The apparent average discharge current may also be calculated by digital processing. 709 

NOTE Saturation can occur when the repetition rate n is so low that the apparent average discharge current I is 710 
difficult to detect. In such cases, the temptation can be to increase substantially the gain of the PD instrument 711 
amplifier (thereby increasing the scale factor) until this current is detectable. This can result in the situation where 712 
the amplifier’s dynamic range is such that it is unable to respond linearly to the infrequent PD pulses. To prevent 713 
this situation, the PD instrument can be equipped with alarm circuits to detect non-linear operation, or the output of 714 
the PD instrument can be visually monitored (for example, on an oscilloscope) during the measurement of average 715 
discharge current. 716 

4.5.4 Instruments for the measurement of discharge power P 717 

Different types of test circuits and analogue instruments may be used for the measurement of 718 
apparent discharge power. They are usually based on the evaluation of ∑q iui, a quantity 719 
which can be measured by the area of an oscilloscope display if the x-y-axes are used to 720 
quantify ∫qi and u(t) respectively, or by more sophisticated techniques. The calibration of such 721 
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test circuits and instruments relies on the determination of the scale factors for applied 722 
voltage and apparent charge. 723 

The apparent discharge power may also be calculated by digital processing. 724 

4.6 Instruments for the measurement of the radio disturbance voltage 725 

Radio disturbance meters are frequency selective voltmeters. The instruments are primarily 726 
intended for measuring interference or disturbances to AM broadcast radio signals. Though 727 
radio disturbance meters do not indicate directly any of the quantities defined in this standard, 728 
they can give a reasonable indication of apparent charge magnitude q, when used with a 729 
coupling device having an adequate high-pass characteristic and when calibrated according 730 
to clause 5. 731 

Due to the quasi-peak measuring circuit within this instrument, the reading is, however, 732 
sensitive to the pulse repetition rate n of the discharge pulses.  733 

For further information, see annex D. 734 

4.7 Ultra-wide-band instruments for PD detection 735 

Partial discharges can also be detected by oscilloscopes or other instruments ( e.g. transient 736 
recorders, spectrum  analysers) together with appropriate coupling devices. The aim of 737 
application is to measure and to quantify the shape or the frequency spectrum of partial 738 
discharge current or voltage pulses in equipment with distributed parameters, for example 739 
cables, rotating machines or gas insulated switchgear, or to provide information about the 740 
physics or origin of the discharge phenomena. 741 

No recommendations are given in this standard for either measuring methods or bandwidth/ 742 
frequencies of instruments to be used in such investigations, as these methods or 743 
instruments, in general, do not directly quantify the apparent charge of PD current pulses. 744 

For more information about such methods, see IEC TS 62478, High voltage test techniques – 745 
Measurement of partial discharges by electromagnetic and acoustic methods. 746 

5 Calibration of a measuring system in the complete test circuit 747 

5.1 General 748 

The object of calibration is to verify that the measuring system will be able to measure the 749 
specified PD magnitude correctly. 750 

The calibration of a measuring system in the complete test circuit is done to determine the 751 
scale factor k for the measurement of the apparent charge; in modern instruments, k is 752 
usually automatically calculated internally. As the capacitance Ca of the test object affects the 753 
circuit characteristics, calibration shall be made with each new test object, unless tests are 754 
made on a series of similar objects with capacitance values within ±10 % of the mean values. 755 

Calibration of the PD measurement system, consisting of the PD measuring instrument(s) and 756 
the complete test circuit including the test object, is carried out by injecting short-duration 757 
current pulses of known charge magnitude q0, into the terminals of the test object (see figure 758 
4). The value of q0 shall be taken as the result of the performance test on the calibrator (see 759 
7.2.3).  760 

The calibration process is only valid if the test object is predominantly capacitive in nature 761 
(see Annex C). 762 
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5.2 Calibration procedure 763 

Calibration of measuring systems intended for the measurement of apparent charge q, should 764 
be made by injecting current pulses by means of a calibrator, as defined in clause 6.2, across 765 
the terminals of the test object, as shown in figure 4. The calibration shall be performed at a 766 
level within the relevant range of the specified PD magnitude to assure as high a level of 767 
accuracy as practically possible.  768 

The relevant range of magnitude should, in lieu of other specifications, be understood to be 769 
from 50 % to 200 % of the specified PD magnitude. 770 

As the capacitor C0 of a calibrator is often a low-voltage capacitor, calibration of the complete 771 
test arrangement is performed with the test object de-energized, with the PD measurement 772 
instrument set to the frequency range at which the PD measurement will be performed (see 773 
4.3.3-5). For the calibration to remain valid, the calibration capacitor C0 should not be larger 774 
than 0,1 CDUT, and the PD measurement must be performed with the same frequency-range 775 
settings used for the calibration. If the requirements for the calibrator are met, the calibration 776 
pulse is then equivalent to a single-event discharge magnitude q0 = U0C0. 777 

Consequently, C0 must be removed before energizing the test circuit. If, however, C0 is of 778 
high-voltage type, and there is a sufficiently low level of background interference (see also 779 
clauses 9 and 10) to allow the specified PD level to be measured at the specified test voltage, 780 
it can remain connected in the test circuit. 781 

NOTE 1 The requirement that the capacitor C0 should be less than 0,1 CDUT is not required if C0 is of high-voltage 782 
type and if it is left in the test circuit. 783 

In case of tall objects of several metres in height, the injection capacitor C0 should be located 784 
close to the high-voltage terminal of the test object as the stray capacitance Cs (indicated in 785 
figures 4a and 4b) could cause unacceptable errors. If pulse generator G and injection 786 
capacitor C0 are grouped in a combined unit, then it should be positioned on the high voltage 787 
terminal. In addition, the ground-return conductor shall have sufficiently low inductance (e.g. 788 
flat copper band) to avoid distortion of the calibration pulse and guarantee the specified rise-789 
time of the voltage step. 790 

The connection cable between the step voltage generator and capacitor C0 should be shielded and be equipped 791 
with appropriate termination to avoid distortion of the voltage step.  792 

NOTE 2 For tall test objects, the connection leads between calibrator and terminals of the test object might exceed 793 
several meters. Thus the transfer of the charge from the calibrator to the test object may be reduced due to 794 
inevitable stray capacitances. The measurement uncertainty acceptable under this condition should be specified by 795 
the relevant Technical Committee. 796 

6 Calibrators 797 

6.1 General 798 

The current pulses are generally derived from a calibrator that comprises a generator 799 
producing step voltage pulses of amplitude U0 in series with a capacitor C0, so that the 800 
calibration pulses are repetitive charges each of magnitude 801 

q0 = U0 C0 802 

In practice, it is not possible to produce ideal step voltage pulses. Though other wave-forms 803 
having slower rise times tr (10 % to 90 % of peak value) and finite decay times td (90 % to 10 804 
% of peak value) can inject essentially the same amount of charge, the responses of different 805 
measuring systems or test circuits can differ due to the integration error caused by the 806 
increased duration of such calibration current pulses. 807 
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The parameters characterizing unipolar step voltage of magnitude U0 shall satisfy the 808 
following conditions (see Figure 6): 809 

 Rise time:         tr ≤ 60 ns 810 

 Time to steady state:       ts ≤ 200 ns 811 

 Step voltage duration:       td ≥ 5 µs 812 

 Deviation of the step voltage magnitude U0 between ts and td:  ∆U ≤ 0,03 U0  813 

The time parameters tr, ts and td are measured from the origin t0 of the step voltage which 814 
refers to the time instant when the rising voltage equals 10 % of U0 (see Figure 6).  815 

The time to steady state ts is the shortest interval at which the deviation ∆U from U0 falls to 816 
less than 3 %. 817 

The step voltage duration td is the instant after ts at which the magnitude of the step voltage 818 
decays below 97% of U0. After td, the voltage shall decrease continuously down to 10 % of U0 819 
within a time interval ≥ 100 µs. 820 

The magnitude U0 of the step voltage is the mean value occurring within the steady state 821 
duration td − ts. 822 

For test objects represented by a lumped capacitance Ca the calibrating capacitor C0 shall 823 
satisfy the conditions C0 ≤ 200 pF and C0 ≤ 0,1 CDUT.  824 

For test objects represented by a characteristic impedance Zc, such as power cables 825 
exceeding a length of 200 m, the value of the calibrating capacitor shall satisfy the conditions 826 
C0 ≤ 1nF and C0 × Zc ≤ 30 ns. 827 

For calibrators manufactured before this document was published, whose time and voltage 828 
parameters do not comply with the above specified values, the deviation of the measured values from 829 
the specified values shall be stated in the test protocol.  830 

NOTE 1 For wide-band instruments with an upper limit frequency higher than 500 kHz, the requirement tr < 0,03/f2 831 
must be fulfilled in order to produce a nearly constant amplitude frequency spectrum as shown in Figure 5. 832 

Calibration pulses can be generated either as a series of voltage pulses (unipolar or bipolar) 833 
being characterized by a fast rise time (as defined above) and with a slow decay time, or as a 834 
rectangular pulse train which is effectively differentiated by the calibration capacitor C0. For 835 
the first case, the decay time td of the voltage pulses shall be large compared with 1/f1 of the 836 
measuring system. For the second case, the voltage U0 should not change by more than 5 % 837 
for the time interval between pulses. For both cases, the time interval between pulses should 838 
be longer than the pulse resolution time. For bipolar systems, the magnitude of both polarity 839 
pulses should have the same magnitude to within 5 %. 840 

For the injection of current pulses into test objects with distributed electrical elements, such 841 
as gas insulated switchgear, C0 may consist of a known capacitance between the high-842 
voltage conductor and the sensor electrode connected to the calibration voltage source (see 843 
figure 4c). 844 

NOTE 2 For high charge values and small values of the calibrating capacitor C0, the step voltage U0 may reach 845 
amplitudes on the order of 100 V. Such high voltages may overdrive/saturate the input amplifier of the PD 846 
measurement instrument; therefore, appropriate checks should be made to avoid inaccuracies which may result 847 
from such effects. 848 

NOTE 3 Calibrators qualified under this clause can be applied to the calibration of systems for measuring the 849 
apparent charge as well as to systems for measuring derived quantities. 850 
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