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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent 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. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.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 beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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188 Introduction relevant for CD only

189 A sweeping review has been made on usage of “may” incorrectly being used as indication of

190 possibility: The review is based on ISO/IEC Directives Part 2: 2018, which in Table 5 states "May"
191 signifies permission expressed by the document, whereas "can" refers to the ability of a user of the
192 document or to a possibility open to him/her.

193 All internal clause references etc. in the document have been changed from pure text into active
194 Hyperlinks. This makes it possible to look up references by simply clicking the reference. This feature
195 can be carried over into pdf versions.

196 A review of definitions has been made in order to align, where applicable, to IEC 60050 as published
197 in electropedia.org

198  The requirement that “Note to entry” (in definitions) shall always be numbered even if only one, has
199 been implemented

200
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201 INTERNATIONAL ELECTROTECHNICAL COMMISSION

202

203

204 HIGH-VOLTAGE TEST TECHNIQUES -

205

206 Part 2: Measuring systems

207

208

209 FOREWORD

210 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
211 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
212 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
213 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
214 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
215 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
216 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
217 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
218 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
219 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
220 consensus of opinion on the relevant subjects since each technical committee has representation from all
221 interested IEC National Committees.

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

226 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
227 transparently to the maximum extent possible in their national and regional publications. Any divergence between
228 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
229 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
230 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
231 services carried out by independent certification bodies.

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

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

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

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

242 IEC 60060-2 has been prepared by IEC technical committee 42: High-voltage test techniques.
243 It is an International Standard.

244 This fourth edition of IEC 60060-2 cancels and replaces the third edition, published in 2010,
245 and constitutes a technical revision.

246  The significant technical changes with respect to the previous edition are as follows:

247 a) The general layout and text were updated and improved to make the standard easier to use.
248 b) The standard was revised to align it with IEC 60060-1 Edition 4.
249  c) The treatment of measurement uncertainty estimation has been expanded.
250 d) This document is now applicable to measuring systems used in testing at all standard
251 insulation levels specified in [IEC 60071-1.
252 e) The measurement uncertainty requirement for the front time of the standard lighting impulse
253 voltage has been changed from 10% to 15%, for testing at all standard insulation levels
254 specified in IEC 60071-1.
Documents

Document Sharing Hub

Full document details: 22/30396253 DC


http://www.avadocuments.com/doc/22-30396253-dc
http://www.avadocuments.com/doc/22-30396253-dc

IEC CD 60060-2/Ed4 © IEC:2022 -8- 42/401/CD

255 f) Parameter “time-to-peak” of the switching impulse defined in IEC 60060-1 Ed.3 has now

256 been replaced by “front time” in IEC 60060-1 Ed.4. Necessary changes have been made in
257 this document to accommodate this change in IEC 60060-1.

258 g) Annex B.1 has been significantly revised to align more closely with the provisions of Clause
259 5, including using the same nomenclature.

260

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

Draft Report on voting

XXIXX/FDIS XXIXX/IRVD

262
263 Full information on the voting for the approval of this standard can be found in the report on
264 voting indicated in the above table.

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

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

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

273 e reconfirmed,

274 e withdrawn,

275 e replaced by a revised edition, or

276 e amended.

277
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.

278

279

280
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281 HIGH-VOLTAGE TEST TECHNIQUES -
282

283 Part 2: Measuring systems

284

285

286

287 1 Scope

288  This part of IEC 60060 is applicable to complete measuring systems, and to their components,
289 used for the measurement of high voltages during laboratory and factory tests with direct
290  voltage, alternating voltage and lightning and switching impulse voltages as specified in
291 IEC 60060-1. For measurements during on-site tests see IEC 60060-3.

292 The limits on uncertainties of measurements stated in this standard apply to test levels stated
293 in IEC 60071-1. The principles of this standard apply also to higher levels but the uncertainty
294 can be greater.

295 This standard:

296 e defines the terms used,;

297 e describes methods to estimate the uncertainties of high-voltage measurements;

298 o states the requirements which the measuring systems shall meet;

299 e describes the methods for approving a measuring system and checking its components;

300 e describes the procedures by which the user shall show that a measuring system meets the
301 requirements of this standard, including the limits set for the uncertainty of measurement.

302 2 Normative references

303  The following referenced documents are indispensable for the application of this standard. For
304 dated references, only the edition cited applies. For undated references, the latest edition of
305 the referenced document (including any amendments) applies.

306 IEC 60052, Voltage measurement by means of standard air gaps
307 IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements
308 IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules

309 IEC 61083-1, Instruments and software used for measurement in high-voltage impulse tests —
310 Part 1: Requirements for instruments

311 IEC 61083-2, Digital recorders for measurement in high-voltage impulse tests — Part 2:
312 Evaluation of software used for the determination of the parameters of impulse waveforms

313 ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
314 uncertainty in measurements (GUM: 1995)

315 NOTE Further related standards, guides, etc. on subjects included in this International Standard are given in the
316 bibliography.

317 3 Terms and definitions

318 For the purposes of this document, the following terms and definitions apply. Documents
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319 3.1 Measuring systems

320 3.141

321 measuring system

322  complete set of devices suitable for performing a high-voltage measurement; software, used to
323 obtain or calculate measuring results, also forms a part of the measuring system

324 NOTE 1 to entry A measuring system usually comprises the following components:

325 — a converting device with the leads required for connecting this device to the test object or into the circuit and the
326 connections to earth;

327 — a transmission system connecting the output terminals of the converting device to the measuring instruments with
328 its attenuating, terminating and adapting impedances or networks;

329 — a measuring instrument together with any connection to the power supply. Measuring systems which comprise only
330 some of the above components or which are based on non-conventional principles are acceptable if they meet the
331 uncertainty requirements specified in this document.

332 NOTE 2 to entry The environment in which a measuring system functions, its clearances to live and earthed
333 structures and the presence of electric or magnetic fields

334 significantly affect the measurement result and its uncertainty.

335 3.1.2

336 record of performance
337 detailed record, established and maintained by the user, describing the measuring system and
338 containing evidence that the requirements given in this standard have been met

339 NOTE 1 to entry This evidence includes the results of the initial performance test and the schedule and results of
340 each subsequent performance test and performance check.
341 3.1.3

342 approved measuring system
343 measuring system that is shown to comply with one or more of the sets of requirements set out
344 in this document

345 3.1.4

346 reference measuring system

347 measuring system with its calibration traceable to relevant national and/or international
348  standards, and having sufficient accuracy and stability for use in the approval of other systems
349 by making simultaneous comparative measurements with specific types of waveform and
350 ranges of voltage

351 NOTE 1 to entry A reference measuring system (maintained according to the requirements of this standard) may
352 be used as an approved measuring system but the converse is not true.

353 3.2 Components of a measuring system

34 3.2.1

355 converting device

356  device for converting the quantity to be measured (measurand) into a quantity, compatible with
357  the measuring instrument

358 3.2.2

359  voltage divider

360 device comprising resistors, inductors, capacitors, transformer(s) or a combination of these
361 components such that, between two points of the device, a desired fraction of the voltage
362 applied to the device as a whole can be obtained

363 [SOURCE: IEC 60050-312:2001, 312-02-32]
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364 3.2.3

365  voltage transformer

366 an instrument transformer consisting of a transformer in which the secondary voltage, in normal
367 conditions of use, is substantially proportional to the primary voltage and differs in phase from
368 it by an angle which is approximately zero for an appropriate direction of the connections

369 [SOURCE: IEC 60050-321:1986, 321-03-01]

370 3.24

371 voltage converting impedance

372 converting device which carries a current proportional to the applied voltage to be measured
373 with a current measuring instrument

374  3.2.5
375 electric-field probe
376  converting device for the measurement of the amplitude and waveform of an electric field

377 NOTE 1 to entry An electric-field probe can be used to measure the waveform of the voltage producing the field
378 provided that the measurement is not affected by corona or space charges.
379 3.2.6

380 transmission system
381 set of devices that transfers the output signal of a converting device to a measuring instrument

382 NOTE 1 to entry A transmission system usually consists of a coaxial cable with its terminating impedance, but it
383 can include attenuators, amplifiers, or other devices connected between the converting device and the measuring
384 instrument. For example, an optical link includes a transmitter, an optical cable and a receiver as well as related

385 amplifiers.

386 NOTE 2 to entry A transmission system can be partially or completely included in the converting device or in the
387 measuring instrument.
388 3.2.7

389 measuring instrument
390 device intended to make measurements, alone or in conjunction with supplementary devices

391 [SOURCE IEC 60050-311:2001, 311-03-01]

392 3.3 Scale factors

393 3.3.1

394  scale factor of a measuring system

395  factor by which the value of the measuring-instrument reading is multiplied to obtain the value
396 of the input quantity of the complete measuring system

397 NOTE 1 to entry A measuring system can have multiple scale factors for different assigned measurement ranges,
398 frequency ranges or waveforms.

399 NOTE 2 to entry For measuring systems that display the value of the input quantity directly, the nominal scale factor
400 of the measuring system is unity.

401 3.3.2

402  scale factor of a converting device
403 factor by which the output of the converting device is multiplied to obtain its input quantity

404 NOTE 1 to entry The scale factor of a converting device can be dimensionless (for example, the ratio of a divider)
405 or can have dimensions (for example, the impedance of a voltage converting impedance).
406 3.3.3

407  scale factor of a transmission system
408 factor by which the output of a transmission system is multiplied to obtain its input quantity
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409 3.3.4
410  scale factor of a measuring instrument
411 factor by which the instrument reading is multiplied to obtain its input quantity

412 3.3.5
413 assigned scale factor
414  F

415 scale factor of a measuring system determined at the most recent performance test

416 NOTE 1 to entry A measuring system can have more than one assigned scale factor; for example, it can have
417 several ranges and/or nominal epochs, each with a different scale factor.

418 3.4 Rated values

419  3.41

420 operating conditions

421 specified ranges of conditions under which a measuring system will operate within the specified
422 uncertainty limits

423  3.4.2

424 rated operating voltage

425 maximum level of voltage of specified frequency or waveform at which a measuring system is
426 designed to be used

427 NOTE 1 to entry The rated operating voltage can be higher than the upper limit of the assigned measurement range.

428  3.4.3

429  assigned measurement range

430 range of voltage of specified frequency or waveform, characterized by a single scale factor, in
431 which a measuring system can be used

432 NOTE 1 to entry The limits of the assigned measurement range are chosen by the user and verified by the
433 performance tests specified in this standard.
434 NOTE 2 to entry A measuring system can have more than one assigned measurement range with different scale

435 factors.

436 3.4.4

437 assigned operating time

438 longest time during which a measuring system for direct or alternating voltages can operate at
439 the upper limit of the assigned measurement range

440  3.4.5

441 assigned rate of application

442 highest rate of specified voltage impulses for a specified time interval, at which the measuring
443 system can operate at its upper limit of the assigned measurement range

444 NOTE 1 to entry The rate is usually given as applications per minute and the time interval in minutes or hours.

445 3.5 Definitions related to dynamic behaviour

446 3.51
447  response of a measuring system,
448 G

449  output, as a function of time or frequency, when a specified voltage is applied to the input of
450 the system

451 3.5.2
452 amplitude-frequency response,
453  G(f)

454 ratio of the output to the input of a measuring system as a function of frequency
455 input is sinusoidal (see Figure 1) b\ﬂl&i’lments
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456
457 NOTE 1 to entry Lower and upper limit frequencies are shown on curve A. Curve B shows a constant response
458 down to direct voltage.
459 Figure 1 — Amplitude-frequency response with examples for limit frequencies (f;; f3)
460  3.5.3
461 step response,
462 G(t)

463  output of a measuring system as a function of time when the input is a step function

464 NOTE 1 to entry For more information on step response and step-response parameters see Annex C.
465 3.54

466 nominal epoch (impulse voltage only),

467 TN1

468  range of values between the minimum (f,,;,) and the maximum ({,,,.) of the relevant time
469 parameter of impulse voltage for which the measuring system is to be approved

470 NOTE 1 to entry The relevant time parameter is:

471 - the front time 7, for full and tail-chopped lightning impulses and for switching impulses

472 - the time to chopping T, for front-chopped impulses

473 NOTE 2 to entry A measuring system can have one, two or more nominal epochs for different waveforms. For
474 example, a particular measuring system might be approved:

475 - for full and tail-chopped lightning impulses with an assigned scale factor 7, over a nominal epoch zp¢ from

476 T, = 0,8 us to T, = 1,8 us, even though the tolerance is 0,84 us to 1,56 ps;

477 - or front-chopped lightning impulses with an assigned scale factor F, over a nominal epoch zy, from 7, = 0,5
478 ps to 7, = 0,9 ps;

479 - for switching impulses with an assigned scale factor F, over a nominal epoch 1y, from 7, = 100 ps to
480 T, =340 ps.

481 NOTE 3 to entry In Note 2, time to peak has been replaced by front time. Numerical values have been adjusted
482 accordingly.

483 NOTE 4 to entry "Front-chopped impulse" is used to designate a chopped impulse with a time to chopping that falls
484 in the range 0,5 pus to the time of the extreme value. This is to be distinguished from a "tail-chopped impulse" which
485 has a time to chopping greater than the time of the extreme value. 60cuments
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486  3.5.5
487 limit frequencies,
488 fy and f,

489 lower and upper limits of the range within which the amplitude-frequency response is nearly
490  constant (Figure 1)

491 NOTE 1 to entry These limits are where the response first deviates by a certain amount (e.g. £ 15 %) from the
492 constant value. The permissible deviation should be related to acceptable uncertainties of a measuring system.

493 3.6 Definitions related to uncertainty

494  3.6.1
495 tolerance
496 permitted difference between the measured value and the specified value

497 NOTE 1 to entry This difference should be distinguished from the uncertainty of measurement.

498 NOTE 2 to entry The measured test voltage is required to lie within the stated tolerance of the specified test level.
499 3.6.2

500 error

501 measured quantity value minus a reference quantity value
502 [SOURCE: ISO/IEC Guide 99:2007 2.16]

503  3.6.3

504 uncertainty (of measurement)

505 parameter, associated with the result of a measurement, that characterises the dispersion of
506 the values that could reasonably be attributed to the measurand

507 [SOURCE: IEC 60050-311:2001, 311-01-02, modified — Notes 1-3 have been replaced.]

508 NOTE 1 to entry Uncertainty is positive and given without sign.

509 NOTE 2 to entry Uncertainty of voltage measurement should not be confused with the tolerance of a specified test
510 voltage.

511 NOTE 3 to entry For more information see Annex A and Annex B.
512 3.6.4

513 standard uncertainty,

514 u

515 uncertainty of the result of a measurement expressed as a standard deviation

516  [SOURCE: ISO/IEC Guide 98-3:2008, 2.3.1]

517 NOTE 1 to entry The standard uncertainty associated with an estimate of a measurand has the same dimension as
518 the measurand.

519 NOTE 2 to entry In some cases, the relative standard uncertainty of a measurement can be appropriate. The relative
520 standard uncertainty of measurement is the standard uncertainty divided by the measurand and is therefore
521 dimensionless.

522  3.6.5

523 combined standard uncertainty,

524 Ug

525 standard uncertainty of the result of a measurement when that result is obtained from the values
526  of a number of other quantities, equal to the positive square root of a sum of terms, the terms
527 being the variances or covariances of these other quantities weighted according to how the
528 measurement result varies with changes in these quantities

520 [SOURCE: ISO/IEC Guide 98-3:2008, 2.3.4] Documents
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530 3.6.6
531 expanded uncertainty,
532 U

533  quantity defining an interval about the result of a measurement that may be expected to
534  encompass a large fraction of the distribution of values that could reasonably be attributed to
535  the measurand

536 [SOURCE: ISO/IEC Guide 98-3:2008 2.3.5, modified — Notes 1 and 2 have been replaced.]

537 NOTE 1 to entry Expanded uncertainty is the closest match to the term “overall uncertainty” used in earlier editions
538 of this standard.

539 NOTE 2 to entry The true, but unknown test-voltage value can lie outside the limits given by the uncertainty because
540 the coverage probability is < 100 %.

541 3.6.7
542 coverage factor,
543  k

544 numerical factor used as multiplier of the combined standard uncertainty in order to obtain an
545 expanded uncertainty

546  [SOURCE: ISO/IEC Guide 98-3,2008 GUM 2.3.6, modified — Note 1 has been modified.]

547 NOTE 1 to entry For 95 % coverage probability and normal (Gaussian) probability distribution the coverage factor
548 is approximately k = 2.

549  3.6.8
550  type A evaluation
551 method of evaluation of a standard uncertainty by statistical analysis of a series of observations

552  3.6.9

553 type B evaluation

554 method of evaluation of a standard uncertainty by means other than statistical analysis of a
555 series of observations

556  3.6.10

557 traceability

558 property of the result of a measurement or the value of a standard whereby it can be related to
559 stated references, usually national or international standards, through an unbroken chain of
560 comparisons, all having stated uncertainties

561 Note 1 to entry The concept is often expressed by the adjective traceable.

562 Note 2 to entry The unbroken chain of comparisons is called a traceability chain.

563 Note 3 to entry In French, the way in which the relationship with the standards is determined is called "raccordement
564 aux étalons".

565 [SOURCE IEC 60050-311:2001, 311-01-15]

566  3.6.11

567 National Metrology Institute

568 institute designated by national decision to develop and maintain national measurement
569 standards for one or more quantities

570 3.7 Definitions related to tests on measuring systems

571 3.71

572 calibration

573  set of operations that establishes, by reference to standards, the relationship which exists,

574 under specified conditions, between an indication and a result of a measurement Documents
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[SOURCE: IEC 60050-311:2001, 311-01-09, modified — Notes 1 and 2 replaced by Note 1.]

NOTE 1 to entry The determination of the scale factor is included in the calibration.

3.7.2
type test
conformity test made on one or more items representative of the production

[SOURCE: IEC 60050-151:2001, 151-16-16, modified — Note 1 has been added.]

NOTE 1 to entry For a measuring system, this is understood as a test performed on a component or on a complete
measuring system of the same design to characterize it under operating conditions.

3.7.3
routine test
conformity test made on each individual item during or after manufacture

[SOURCE: IEC 60050-151:2001, 151-16-17, modified — Note 1 has been added.]

NOTE 1 to entry This is understood as a test performed on each component or on each complete measuring system
to characterize it under operating conditions.

3.7.4
performance test
test performed on a complete measuring system to characterize it under operating conditions

3.7.5
performance check
simple procedure to ensure that the result of the most recent performance test is still valid

3.7.6

reference record (impulse measurements only)

record taken under specified conditions in a performance test and retained for comparison with
records to be taken in future tests or checks under the same conditions

NOTE 1 to entry Reference records are often called “fingerprints” and used as characteristics of dynamic behaviour.
In impulse voltage measurements they are usually taken from step response measurements (Annex C).

4 Procedures for qualification and use of measuring systems

4.1 General principles

Every approved measuring system shall undergo initial testing, followed by performance tests
(periodic, see 4.2) and performance checks (periodic, see 4.3) throughout its service life. The
initial tests consist of type tests (performed on a component or system of the same design) and
routine tests (performed on every component or system).

The performance tests and checks shall prove that the measuring systems can measure the
intended test voltages within the uncertainties given in this standard, and that the
measurements are traceable to national and/or international standards of measurement. The
system is approved only for the arrangements and operating conditions included in its record
of performance.

A major requirement for a converting device, a transmission system, and a measuring
instrument used in a measuring system is stability within the specified range of operating
conditions so that the scale factor of the measuring system remains constant over long periods.
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615  The assigned scale factor is determined in the performance test by calibration. The user shall
616 apply tests given in this standard to qualify their measuring system(s). Any calibration shall be
617  traceable to national and/or international standards.

618 In all cases, the test results shall be kept in the record of performance.

619 NOTE Calibrations performed by a National Metrology Institute, or by a laboratory accredited for the quantities
620 calibrated and reported under the accreditation, are traceable to national and/or international standards.

621 4.2 Schedule of performance tests

622  To maintain the quality of a measuring system, its assigned scale factor(s) shall be determined
623 by periodic performance tests. The interval between performance tests shall be based on
624 evaluation of past stability of the measuring system. It is recommended that the performance
625 test should be repeated annually, but the maximum interval shall not be longer than five years.

626 NOTE Long intervals between performance tests can increase the risk of an undetected change in the measurement
627 system.

628 Performance test shall be made after major repairs to the measuring system and whenever a
629 circuit arrangement that is beyond the limits given in the record of performance is to be used.

630 When a performance test is required because a performance check shows that the assigned
631 scale factor is no longer valid, the cause of this change shall be investigated before the
632 performance test is made.

633 4.3 Schedule of performance checks

634 Performance checks shall be made at intervals based on the recorded stability of the measuring
635 system as shown in the record of performance. The interval from the last performance test or
636 the last performance check shall not be longer than one year.

637 For a new or repaired measuring system, performance checks shall be made at short intervals
638 to demonstrate its stability.

639 No reference method is identified for the performance checks because the required accuracy is
640 less than that required for performance tests.

641 4.4 Requirements for the record of performance
642 441 Contents of the record of performance

643 The results of all tests and checks, including the conditions under which the results were
644  obtained, shall be kept in the record of performance (stored in paper format or electronically if
645 permitted by quality systems and local laws) established and maintained by the user. The record
646  of performance shall uniquely identify the components of the measuring system and shall be
647  structured so that performance of the measuring system can be traced over time.

648 The record of performance shall comprise at least the following information:

649 e General description of the measuring system.

650 e Results of type and routine tests on the converting device, transmission system(s) and
651 measuring instrument(s) and, if performed, on the measuring system.

652 ¢ Results of subsequent performance tests on the measuring system.
653 e Results of subsequent performance checks on the measuring system.
654 NOTE The general description of the measuring system usually comprises main data and capabilities of the

655 measuring system, such as the rated operating voltage, waveform(s), range(s) of clearances, operating time, or
656 maximum rate of voltage applications. For many measuring systems, information on the transmission ﬁtértaflm
ents
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657 as high-voltage and ground-return arrangements are important. If required, a description is also given of the
658 components of the measuring system, including for example the type and identification of the measuring instrument.

659 4.4.2 Exceptions

660  For measuring systems or components manufactured before the date of issue of the second
661 edition of IEC60060-2, i.e. 1994, the required evidence can be unavailable for some part(s) of
662  the type and routine test. Then performance tests and checks made in accordance with earlier
663 versions of this standard are deemed adequate provided they show the scale factor is stable.
664  The results of these previous checks shall also be entered in the record of performance.

665  Approved measuring systems comprising several pieces of equipment used inter-changeably
666 may be covered by a single record of performance including all the combinations possible with
667 the least amount of duplication possible. Specifically, each converting device shall be covered
668 individually, but transmission systems and measuring instruments may be covered generically.

669 4.5 Operating conditions

670 A measuring system shall be connected directly to the terminals of the test object, or in such a
671 way that the voltage difference between test object terminals and the measuring system is
672 negligible. The parasitic coupling between the test and measuring circuit should be minimized.

673 NOTE 1 It is often necessary to investigate parasitic coupling.

674  An approved measuring system shall have an uncertainty within the specifications of this
675  standard throughout the ranges of operating and environmental conditions given in the record
676 of performance.

677 The assigned operating time for measuring systems for direct and alternating voltage shall be
678  specified.

679 NOTE 2 The recommended minimum value for the assigned operating time is 1 h.

680  The maximum rate of application for impulse voltages shall be specified.

681 NOTE 3 The recommended minimum value for the maximum rate of application is one or two impulses/min and to
682 be specified depending on the size of the converting device.

683 The range of environmental conditions, under which the components of the measuring system
684  fulfil the requirements of this standard, shall be stated.

685 4.6 Uncertainty

686  The uncertainty of all measurements made under this International Standard shall be evaluated
687  according to ISO/IEC Guide 98-3.

688 Procedures for evaluating uncertainties have been selected from ISO/IEC Guide 98-3 and
689 presented in this standard. These simplified procedures of clause 5 are considered sufficient
690 for the instrumentation and measurement arrangements commonly used in high-voltage testing:
691 however, users may select other appropriate procedures from ISO/IEC Guide 98-3, some of
692 which are outlined in Annex A and Annex B.

693 In general, the measurand to be considered is the scale factor of the measuring system, but in
694 some cases other quantities, such as the time parameters of an impulse voltage and their
695 associated errors, should also be considered.

696 NOTE 1 Other measurands for specific converting devices are in common use. For example, a voltage divider is

697 characterized by the voltage ratio and its uncertainty in the assigned measurement ranges used. A voltage

698 transformer is characterized by the ratio error, the phase displacement and the corresponding uncertainties.
Documents
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699  According to the ISO/IEC Guide 98-3, the uncertainty of a measurement is determined by
700 combining the uncertainty contributions of Type A and Type B (see 5.10, 5.11 and Annex A).
701 The contributions are obtained from measurement results, from manufacturers’ handbooks,
702  calibration certificates and from estimating reasonable values of the influence quantities during
703  the measurement. For example, influence quantities mentioned in clause 5 include temperature
704  and proximity effects. Others, like limited resolution of the measuring instrument, may be added
705 if necessary.

706 NOTE 2 The resolution of a measuring instrument, e.g. one with few significant digits, can be a significant source
707 of uncertainty.

708 During the actual voltage test, it is usually necessary to consider additional influencing
709 quantities, apart from the calibration uncertainty of the scale factor stated in the calibration
710 certificate, in order to obtain the uncertainty of measurement of the test voltage value.

711 Some guidance on determining uncertainty contributions, that need to be considered, and on their
712 combination is given in Clause 5 and Annex A and Annex B. The uncertainty shall be given as the
713 expanded uncertainty for a coverage probability of approximately 95 % corresponding to a coverage
714 factor k=2 under the assumption of a normal distribution.

715 NOTE 3 In this International Standard, the uncertainties of the scale factor and of voltage measurement (5.2 to 5.10)
716 are expressed by the relative uncertainties instead of the absolute uncertainty normally considered in the ISO/IEC
77 Guide 98-3. The direct application of the ISO/IEC Guide 98-3 and consideration of the absolute uncertainties are
718 shown in 5.11 for time parameters as well as in Annex A and Annex B.

719 5 Tests and test requirements for an approved measuring system and its
720 components

721 5.1 General requirements

722 The assigned scale factor of the measuring system shall be determined by calibration according
723 to the specified performance tests. The assigned scale factor is a single value for the assigned
724  measurement range. If necessary, several assigned measurement ranges with different scale
725  factors may be defined.

726 For an impulse measuring system, the performance tests also show that its dynamic
727 performance is adequate for the specified measurements and that the level of any interference
728 is less than the specified limits.

729 Due to the large size of the equipment and the real environmental conditions, the calibration
730  should preferably be performed on site by comparison with a reference measuring system.

731 Smaller size measuring systems or their components may be transported to another laboratory
732 for calibration in an arrangement that simulates the operating conditions, provided that the
733 interference test, when specified, is performed in the test facility of the user.

734 If a converting device is sensitive to proximity effects, the range of clearances where the
735  assigned scale factor is valid shall be determined and entered in the record of performance.
736 One or more ranges of clearances and respective scale factors may be assigned.

737 The scale factor of a measuring system shall be determined in the assigned measurement
738 range, preferably by comparison with a reference measuring system. However, as reference
739 measuring systems are not always available at higher voltages, the comparison may be made
740 at voltages as low as 20 % of the assigned measurement range, provided that linearity has
741 been determined from this point up to the limit of the assigned measurement range. One of the
742 methods given in 5.3 shall be used for this extension.

743 All equipment used in establishing the scale factors of measuring systems shall have
744 calibrations traceable to national and/or international standards.
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745 NOTE Calibrations performed by a National Metrology Institute, or by a laboratory accredited for the quantities
746 calibrated and reported under the accreditation, are considered traceable to national and/or international standards.

747 Conditions significant for the result of the calibration of the approved measuring system shall
748 be included in the record of performance.

749 5.2 Calibration — Determination of the scale factor

750 5.21 Calibration of measuring systems by comparison with a reference measuring
751 system (preferred method)

752 5.21.1 Comparison measurement

753  Scale factor(s) is (are) determined for a complete measuring system by comparison with a
754  reference measuring system.

755  The input voltage used for calibration should be of the same type, frequency or waveform as
756  voltages to be measured. If this condition is not fulfilled, the related uncertainty contributions
757  shall be estimated.

758 For the comparison, a reference measuring system, traceable to a National Metrology Institute,
759  shall be connected in parallel with the measuring system to be calibrated. Care shall be taken
760 to avoid ground loops between the converting device(s) and measuring instrument(s).
761 Simultaneous readings shall be taken on both systems. The value of the input quantity obtained
762  for each measurement by the reference measuring system is divided by the corresponding
763  reading of the instrument in the system under test to obtain a value F; of its scale factor. The

764 procedure is repeated n times to obtain the mean value Fy of the scale factor of the system
765 under test at one voltage level Ug- The mean value is given by:

Fq =

S |~

2 Fg (1)
i=l1

766  The relative standard deviation Sg of Fy is given by:

1 1 & 2
Sg :Fg\/ﬁ ;(F;',g _Fg) (2)

767  and the Type A relative standard uncertainty Ug of the mean value Fy is given by (Annex A):

: (3)
Uy =——
¢] \/;
768 NOTE 1 Usually no more than n = 10 independent readings are necessary.
769 NOTE 2 For measurement of direct and alternating voltages, independent readings should be obtained either by
770 applying the test voltage and taking »n readings or by applying the test voltage » times and taking a reading each

771 time. For impulses, n impulses are applied.

772 A measuring system with several assigned measuring ranges (for example a voltage divider
773 with several low-voltage arms) or different transmission systems shall be calibrated for each
774 range or transmission system. Measuring systems with secondary attenuators may be
775 calibrated on one setting only, provided that the load on the output of the converting device can
776 be shown to be constant for all settings by other tests. For such cases the full range of
777 secondary attenuators shall be calibrated separately.
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778  The scale factor shall be determined over the assigned measurement range by one of the
779  following methods described in 5.2.1.2 (preferred), 5.2.1.3 or 5.2.2.

780 5.21.2 Comparison over the full assigned measurement range

781 This test includes both the determination of the assigned scale factor and the determination of
782 linearity. The scale factor determination shall be made by direct comparison with a reference
783 measuring system at the minimum and maximum levels of the assigned measurement range
784  and on at least three approximately equally spaced intermediate levels (Figure 2). The assigned
785 scale factor F is taken as the mean value of all scale factors Fy recorded at 4 voltage levels:

h
1
F :Eng forh>5 (4)
g=1

786  The standard uncertainty of the determination of the assigned scale factor F is obtained as the
787 largest of the single standard uncertainties of type A (Figure 3):

h
Uy =maxu

5
T te (5)

788  The effect of a non-linearity in F is estimated as a Type B standard uncertainty expressed by

Upy =—F=max|—— (6)

789 NOTE 1 A rounded value F  can be taken as the assigned scale factor if the difference between F_  and F is
790 introduced as an uncertainty contribution of Type B in the estimate of the expanded uncertainty of the scale factor
791 F,.

792 NOTE 2 The individual scale factors and their uncertainties at the 4 voltage levels should be given in the calibration

793 certificate.

Calibration range

| | | | | |

1 | | | >

0 Voltage

Y

794 Assigned measurement range IEC 2595/10
795 Figure 2 — Calibration by comparison over the full voltage range
796
797
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Fysuy Faug
F
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. 5 |F F.
Fs; us uBozmax—g—l =|=-1
g=1 F
5
up = max‘ Ug ‘z U3
g=1
798 IEC 2596/10
799 Figure 3 — Uncertainty contributions of the calibration
800 (example with minimum of 5 voltage levels)

801 5.2.1.3 Comparison over limited voltage range

802 In cases where the assigned measurement range exceeds the capability of the reference
803  measuring system, the scale factor shall be determined by comparison up to the maximum
804 voltage of the reference measuring system. The comparison shall always be carried out at a
805 voltage that is not lower than 20 % of the upper limit of the assigned measurement range
806 (Figure 4).

807 The comparison shall be complemented by a linearity test in accordance with 5.3. The
808  uncertainty contribution related to linearity shall be considered in the calculation of
809 measurement uncertainty when using the measuring system, see 5.10.3.

810 The comparison with the reference measuring system is carried out at a > 2 voltage levels,
811 where the highest voltage level is equal to the maximum voltage of the reference measuring
812  system. The necessary linearity test is carried out at b > 2 voltage levels, with one level equal
813  to the maximum level of comparison (see 5.3). The voltage levels shall further be chosen such
814  that they comprise at least the minimum and the maximum levels of the assigned measurement
815 range, and that a + b =6

816 The assigned scale factor F is taken as the mean value of the scale factors recorded with the
817  reference measuring system:

1 a
F=—2F (7)
g=1

818 The standard uncertainty Type A of the scale factor F,, is obtained as the largest of the single

819 standard uncertainties Ug

a
Up = max ug (8)
g=1

820 and a non-linearity contribution for the calibration values
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