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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 Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.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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122 INTERNATIONAL ELECTROTECHNICAL COMMISSION

123

124

125 HIGH VOLTAGE TEST TECHNIQUES - CAPACITANCE AND DIELECTRIC
126 LOSS MEASUREMENTS

127

128 FOREWORD

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

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

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

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

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

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

159 9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
160 patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
161 respect thereof. As of the date of publication of this document, IEC had not received notice of patents, which may
162 be required to implement this document. However, implementers are cautioned that this may not represent the
163 latest information, which may be obtained from the patent database available at https://patents.iec.ch or
164 www.iso.org/patents. IEC shall not be held responsible for identifying any or all such patent rights.

165 IEC 63405 has been prepared by subcommittee WG24: High-voltage test techniques - Dielectric
166 loss measurements, of |IEC technical committee 42: High-voltage and high-current test
167 techniques. It is an International Standard.

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

Draft Report on voting
XXIXX/FDIS XXIXX/RVD

169
170 Full information on the voting for its approval can be found in the report on voting indicated in
171 the above table.

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

173 This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
174 accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, [and the
175 ISO/IEC Directives, JTC 1 Supplement] available at www.iec.ch/members_experts/refdocs. The
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www.iec.ch/publications.

detail at

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

specific document. At this date, the document will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.
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186 INTRODUCTION

187 The electric power industry requires standardized tools to provide confidence in the
188 measurement of capacitance and dielectric loss, and to prove equivalence between tests
189 performed in different test facilities.

190 The measurement of capacitance and dielectric loss are effective methods to determine the
191 insulation status of electrical equipment. Capacitance and dielectric loss measurement are
192 widely used in electrical equipment manufacturers, power grid companies, colleges and
193 universities, testing and inspection institutions and other units. IEC 63405 specifies the general
194 principles and requirements for the measurement of capacitance and dielectric loss.

195
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196 HIGH-VOLTAGE TEST TECHNIQUES — CAPACITANCE AND DIELECTRIC
197 LOSS MEASUREMENTS

198

199

200

201

22 1 Scope

203 This document of IEC 63405 is applicable to the measurement of capacitance and dielectric
204 loss at power frequency for electrical apparatus, components, or systems, with the highest
205 voltage for equipment U, above 1 kV.

206 This document

207 - defines the terms used

208 - suggests methods of test

209 - suggests test object connections

210 - provides possible test procedures

211 - provides guidance on requirements of calibration

212 This document is primarily concerned with capacitance and dielectric loss measurements for
213 electrical equipment, such as capacitors, cables, power transformers, bushings, switches,
214 circuit breakers, and instrument transformers. The tests of insulation materials (solid, liquid,
215 gas, etc.) or power electronics components are NOT included in this standard.

216 2 Normative references

217 The following documents are referred to in the text in such a way that some or all of their content
218 constitutes requirements of this document. For dated references, only the edition cited applies.
219 For undated references, the latest edition of the referenced document (including any
220 amendments) applies.

221 EC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements
222 EC 60060-4, High-voltage test techniques — Part 2: Measuring systems

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

225 3 Terms and definitions
226 For the purposes of this document, the following terms and definitions apply.

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

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

230 e ISO Online browsing platform: available at https://www.iso.org/obp

231 3.1 Definitions for dielectric measuring systems

232 3.1.1
233  dielectric measuring system
234  complete set of devices suitable for performing a dielectric measurement

235 Note 1 to entry: A dielectric measuring system usually comprises the following components:
236 — a converting device with the leads required for connecting this device to the test object or into the circuit and the
237 connections to earth;
o Documents
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238 — a transmission system connecting the output terminals of the converting device to the measuring instruments with
239 its attenuating, terminating and adapting impedances or networks;

240 — a measuring instrument together with any connection to the power supply;

241 — software, used to obtain or calculate measuring results.

242 3.1.2

243 record of performance
244  detailed record, established and maintained by the user, describing the dielectric measuring
245  system and containing evidence that the requirements given in this standard have been met

246 Note 1 to entry:  This evidence includes the results of the initial performance test and the schedule and results of
247 each subsequent performance test and performance check.

248  [SOURCE: IEC 60060-2:2025, term 3.1.2]

249 3.1.3

250 approved dielectric measuring system

251 dielectric measuring system that is shown to comply with one or more of the sets of
252 requirements set out in this document

253  3.1.4

254 reference dielectric measuring system

255 dielectric measuring system with its calibration traceable to relevant national or international
256 standards of measurement, and having sufficient accuracy and stability for use in the approval
257 of other systems by making simultaneous comparative measurements with specific types of
258  waveform and ranges of voltage

259 Note 1 to entry: A reference dielectric measuring system (maintained according to the requirements of this
260 standard) can be used as an approved dielectric measuring system but the converse is not true.

261 3.1.5

262  scale factor

263 <of a dielectric measuring system> factor by which the value of the measuring-instrument
264 reading is multiplied to obtain the value of the input quantity of the complete dielectric
265 measuring system

266 Note 1 to entry: A dielectric measuring system can have multiple scale factors for different assigned measurement
267 ranges, frequency ranges or waveforms.

268 Note 2 to entry:  For dielectric measuring systems that display the value of the input quantity directly, the nominal
269 scale factor of the dielectric measuring system is unity.

270  [SOURCE: IEC 60060-2:2025, term 3.3.1]

271 3.2 Definitions for dielectric properties

272 3.21
273 electric constant
274 permittivity of vacuum

&
275 0
276 scalar constant linking the electric quantities and the mechanical quantities, obtained from the
277 relation

_ 1040
Yo T qaF 2 (1)

278 based on Coulomb's law in a vacuum, where F is the magnitude of the force between two
279 particles with electric charges Q; and O, respectively, placed at a distance r apart.

280 Note 1 to entry: In a vacuum, the product of the electric constant ¢, and the electric field strength E is equal to

281 the electric flux density D: D=¢&E .

282 Note 2 to entry: The electric constant &, is related to the magnetic constant 4, and to the speed of light in

283  vacuum ¢, by the relation g uc,” =1.
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12 A-s
284 Note 3 to entry:  The value of the electric constant ¢, is equal to 8,8541878128(13)-10 12
V-m

285 [SOURCE: IEC 60050-121:2021, 121-11-03]

286  3.2.2

287  absolute permittivity

288 permittivity

289 DEPRECATED: absolute dielectric constant

290 DEPRECATED: dielectric constant

291 3

292 scalar quantity or tensor quantity, the product of which by the electric field strength E in a
293 medium is equal to the electric flux density D:

D=¢E (2)

294 Note 1 to entry:  For an isotropic medium, the absolute permittivity is a scalar quantity; for an anisotropic medium,
295 it is a tensor quantity.

296 [SOURCE: IEC 60050-121:2021, 121-12-12]

297 3.23

298 relative permittivity

299 DEPRECATED: relative dielectric constant
300 DEPRECATED: dielectric constant

301 DEPRECATED: permittivity

302 &

303  scalar quantity or tensor quantity equal to the absolute permittivity divided by the electric
304 constant

305 Note 1 to entry: For an isotropic medium, the relative permittivity is a scalar quantity; for an anisotropic medium, it
306 is a tensor quantity.

307 Note 2 to entry: In the case of constant fields and alternating fields of sufficiently low frequency, the relative
308 permittivity of an isotropic or quasi-isotropic dielectric is equal to the ratio of the capacitance of a capacitor, in which
309 the space between and around the electrodes is entirely and exclusively filled with the dielectric medium, to the
310 capacitance of the same configuration of electrodes in vacuum. However, this use is not recommended.

311 Note 3 to entry: In practical engineering, it is usual to employ the term "permittivity" when referring to relative

312 permittivity, but this use is deprecated since "permittivity" is a synonym for "absolute permittivity".
313 [SOURCE: IEC 60050-121:2021, 121-12-13]

314 3.2.4
315 complex relative permittivity
316 DEPRECATED: relative complex dielectric constant

317 &

318 under sinusoidal conditions in a medium where the phasors D and E representing respectively
319 the electric flux density and the electric field strength are linearly related, complex quantity ¢,
320 defined by the relation

D=5,5E (3)
321 where

322 £, is the electric constant

323 Note 1 to entry: The complex relative permittivity is generally frequency dependent. For an isotropic medium, the
324 complex relative permittivity is a scalar quantity; for an anisotropic medium, it is a tensor quantity.

325 Note 2 to entry:  Generally, £,. is expressed as &, :gr' —jgr" where Fr' is the real relative permittivity and Fr" is the

326 dielectric loss index, which represents dielectric losses.

327  [SOURCE: IEC 60050-121:2021, 121-12-14]
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328 3.2.5

329  dielectric loss

330 power absorbed from a time-varying electric field by a polarised substance, excluding absorbed
331 power due to conductivity of the substance

332 Note 1 to entry:  The dielectric loss is usually dissipated as heat.

333 Note 2 to entry: In 60050-121 dielectric loss is defined as power absorbed from a time-varying electric field by a
334 polarized substance, excluding absorbed power due to the conductivity of the substance. In practice the loss due to
335 the conduction current in the dielectric is usually included in the dielectric loss.

336 [SOURCE: IEC 60050-212:2010, 212-11-27]

337 3.2.6
338 dielectric dissipation factor
339 tan o

340 loss tangent
341 absolute value of the ratio of the imaginary to the real parts of the complex relative permittivity

tan 0 = — (4)

342 Note 1 to entry:  The dielectric dissipation factor is equal to the tangent of the dielectric loss angle.

343 Note 2 to entry:  In English the abbreviation DDF is sometimes used to characterize the dielectric loss in insulating
344 materials.

345  [SOURCE: IEC 60050-212:2010, 212-11-29]

346  3.2.7
347 capacitance
348 C

349  for a capacitive two-terminal element with terminals A and B, quotient of the electric charge
350  at A by the voltage u, between the terminals

q
Cc= 5
VAD (5)

351 where the sign of the electric charge is determined by taking the electric current in the time
352 integral defining this charge as positive if its direction is from A to B and negative if its direction
353 is from B to A

354 Note 1 to entry: A capacitance cannot be negative.

355 Note 2 to entry:  The coherent Sl unit of capacitance is farad, F

356 [SOURCE: IEC 60050-131:2013, 131-12-13]

357 3.3 Definitions related to tests on dielectric measuring systems

358 3.3.1

359 calibration

360 set of operations that establishes, by reference to standards, the relationship which exists,
361 under specified conditions, between an indication and a result of a measurement

362 Note 1 to entry:  The determination of the scale factor is included in the calibration.

363 [SOURCE: IEC 60050-311:2001, 311-01-09, modified — Notes 1 and 2 replaced by Note 1.]

364  3.3.2
365 type test
366 conformity test made on one or more items representative of the production

367 Note 1 to entry:  For a dielectric measuring system, this is understood as a test performed on a component or on a
368 complete dielectric measuring system of the same design to characterise it under operating conditions.

369 [SOURCE: IEC 60050-151:2001, 151-16-16, modified — Note 1 has been added]
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370 3.3.3
371 routine test
372 conformity test made on each individual item during or after manufacture

373 Note 1 to entry:  This is understood as a test performed on each component or on each complete dielectric
374 measuring system to characterise it under operating conditions.

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

376  3.3.4

377 performance test

378 test performed on a complete dielectric measuring system to characterise it under operating
379 conditions

380 [SOURCE: |[EC 60060-2:2010, term 3.7.4]

381 3.3.5
382 performance check
383 simple procedure to ensure that the result of the most recent performance test is still valid

384 Note 1 to entry:  The determination of the scale factor is included in the calibration.

385 [SOURCE: |[EC 60060-2:2010, term 3.7.5]

386 4 Measuring system of capacitance and dielectric loss

387 4.1 General theory of capacitance and dielectric loss measurement

388  The dielectric dissipation factor is an important indicator reflecting the insulation status of high -
389  voltage electrical apparatus, components, or systems.

390 As shown in Figure 1, the test voltage u is applied across the test object, and the total current
391 i flowing through the test object can be decomposed into a current component ic (orthogonal to
392  the phase of the test voltage u ) and a current component i; (in the same direction as the test
393  voltage u). Then, the dielectric dissipation factor (DDF) can be expressed as

tan(5=li (6)

Ic

ic

=<y

394

395 Key

396 u Test voltage

397 i Test current

398 iQ Active component of test current

399 ic Reactive component of test current

400 Figure 1 — Phasor diagram for the test object showing the voltage and current vectors
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