Draft for Public Comment

bsi.

BSI Group Headquarters

Form 36

DPC: 24/ 30500155 DC

Date: 16 September 2024
389 Chiswick High Road London W4 4AL Origin: International
Tel: +44 (0)20 8996 9000

Fax: +44 (0)20 8996 7400
www.bsigroup.com

Latest datefor receipt of comments. 2 October 2024 Project No. 2024/02590
Responsible committee: GEL/10 Fluids for electrotechnical applications

Interested committees:

Title: BS EN IEC 63585 Interpretation of Dissolved Gas Analysisin natural and synthetic esters

Please notify the secretary if you are aware of any keywords that might assist in classifying or identifying the standard or if the
content of this standard

i) hasany issuesrelated to 3rd party IPR, patent or copyright

ii) affectsother national standard(s)

iii) requires additional national guidance or information

WARNING: THISISA DRAFT AND MUST NOT BE REGARDED OR USED ASA BRITISH STANDARD.
THISDRAFT ISNOT CURRENT BEYOND 2 October 2024

This draft isissued to allow comments from interested parties; all comments will be given consideration prior to publication. No
acknowledgement will normally be sent. See overleaf for information on the submission of comments.

No copying is allowed, in any form, without prior written permission from BSI except as permitted under the Copyright, Designs
and Patent Act 1988 or for circulation within a nominating organization for briefing purposes. Electronic circulation islimited to
dissemination by e-mail within such an organization by committee members.

Further copies of this draft may be purchased from BSI Shop http://shop.bsigroup.com
or from BSI Customer Services, Tel: +44(0) 20 8996 9001 or email cservices@bsigroup.com.
British, International and foreign standards are also available from BSI Customer Services.

Information on the co-operating organizations represented on the committees referenced above may be obtained from
http://standar dsdevelopment.bsigroup.com

Responsible Committee Secretary: Committee Service Centre (BSl) DOCU ments
Direct tel: 020 8996 7009 Document Sharing Hub
E-mail: csc@bsigroup.com

Full document details: 24/30500155 DC


http://www.avadocuments.com/doc/24-30500155-dc
http://www.avadocuments.com/doc/24-30500155-dc

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

Template for comments and secr etariat observations
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order to comment.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Interpretation of Dissolved Gas Analysis in natural and synthetic esters

FOREWORD

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

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

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

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

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

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

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

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

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

IEC 63585 ED 1 has been prepared by IEC technical committee 10: Fluids for electrotechnical
applications. It is an International Standard.

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

Draft Report on voting

10/XXXX/FDIS 10/XXXX/RVD

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

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

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.
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1 INTRODUCTION

Dissolved gas analysis (DGA) is one of the most widely used diagnostic tools for detecting and
evaluating faults in electrical equipment filled with insulating liquid, independent whether this is
mineral oil, ester or silicone insulating liquid. However, interpretation of DGA results is often
complex and should always be done with care, involving experienced personnel. The standards
for gas-in-oil interpretation are to be understood as a guideline tool. For although there is a
scientific basis for explaining the formation of gases, the interpretation of the data in terms of
cause of failure(s) is not an exact science but derived from empirical evidence from which rules
of interpretation have been deduced.

© 0o ~NO O~ WN

10 There are several evaluation schemes for mineral oils in transformers and similar equipment,
1 such as key gases, quotient formation, Duval's triangle/pentagons which are anchored in
12 numerous national and international standards, e.g. IEC 60599 or IEEE C57.104. The IEEE
13 standard C57.155 describes the evaluation of the dissolved gas analysis of esters (mainly
14 natural esters) based on absolute values.

15 Ester insulating liquids have been used in electrical equipment since the 70ies. The
16 regenerative energy demand is growing and with it the demand for synthetic and natural esters.
17 Synthetic and natural esters are used in susceptible environmental areas, they have high flash
18 and fire points and therefore are preferred insulating liquids at stringent fire requirements.
19 There are a some standards for the maintenance of the liquid itself but few for the interpretation
20 of the dissolved gas analysis. This document gives a guidance for the interpretation of dissolved
21 gas analysis in ester filled equipment.
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Interpretation of Dissolved Gas Analysis in natural and synthetic esters

1 Scope

The purpose of this guide is to assist the transformer operator in evaluating dissolved gas analysis
(DGA) data obtained from natural ester acc. IEC 62770 and synthetic ester acc. to IEC 61099-filled
transformers and similar equipment. Due to limited information on equipment filled with mono- and
blended esters (IEC 63012) at present they are included in the informative Annex H.

Ester liquids are present in the whole range of applications including transport and distribution
networks, industrial, traction, wind and solar transformers as reflected in the database. Nowadays their
use has been extended to power transformers.

This guide includes the following:
e Gas generation in a natural and synthetic ester-filled transformer

e DGA Interpretation methods (fault type identification and gas levels and comparison with
those for mineral oils)

e Gas concentration guide values valid for the use of DGA interpretation tools
e Interpretation of the dissolved gas analysis results.
e Recommended actions based on the interpretation of dissolved gas analysis results.

e Examples of faulty equipment

The indications obtained should be viewed only as a guidance and any resulting action should be
taken with a proper engineering judgement.

2 Normative references
IEC 60072, Power transformers — Part 2: Temperature rise for liquid-immersed transformers

IEC 60072, Power transformers — Part 3: Insulation levels, dielectric tests and external
clearances in ai

IEC 60296, Fluids for electrotechnical application — Mineral insulating oils for electrical
equipment

IEC 60475, Method of sampling insulating liquids

IEC 60567, Oil-filled electrical equipment — Sampling of gases and analysis of free and dissolved
gases — Guidance

IEC 60599, Mineral oil-filled electrical equipment in service — Guidance on the interpretation of
dissolved and free gases analysis

IEC 61039, Classification of insulating liquids

IEC 61099, Insulating liquids — Specifications for unused synthetic organic esters for electrical
purposes

IEC 61203, Synthetic organic esters for electrical purposes — Guide for maintenance of transformer
esters in equipment
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67 IEC 62770, Fluids for electrotechnical applications — Unused natural esters for transformers and
68 similar electrical equipment

69 IEC 62975, Natural esters — Guidelines for maintenance and use in electrical equipment
70 IEC 63012, Insulating liquids — Unused modified or blended esters for electrotechnical applications

71 IEEE Std C57.104-2008, IEEE Guide for the Interpretation of Gases Generated in Mineral Oil -
72 Immersed Transformers

73 IEEE Std C57.104-2019, IEEE Guide for the Interpretation of Gases Generated in Mineral Oil -
74 Immersed Transformers

75 IEEE C57.155, IEEE Guide for Interpretation of Gases Generated in Natural Ester and Synthetic
76 Ester-lmmersed Transformers

77 1 Terms, definitions and abbreviations

78 1.1  Terms and definitions
79 For the purposes of this document, the following terms and definitions, some of which are based on:

80 e Electropedia (www.electropedia.org - also available in the standard series IEC 60050), apply
81 when appropriate.

82 e Terms more specific to the interpretation of DGA and validated by TC10 experts are also

83 used.

84 1.1.1 Insulating liquids considered in this document

85  The term Natural Ester is used for insulating liquids fulfilling definition and requirements of
86  standard IEC 62770.

87  The term Synthetic Ester is used for insulating liquids fulfilling definition and requirements of
88  standard IEC 61099 (Transformer ester — Type T1).

89 1.1.2 Fault

90 Unplanned occurrence or defect in an item which may result in one or more failures of the item
91 itself or of other associated equipment.

92 [SOURCE: IEC 60599:2022]

93 1.1.3 Failure

94 Loss of ability to perform as required.

95 Note 1 to entry: In electrical equipment, failure will result from a damage fault or incident necessitating outage, repair
96 or replacement of the equipment, such as internal breakdown, rupture of tank, fire or explosion.

97 [SOURCE: Electropedia, 192-03-01 modified and IEC 60599:2022]

98 1.1.4 Electrical fault
99 Partial or disruptive discharge through the insulation

100 1.1.5 Partial discharge
101 Electric discharge that only partially bridges gaseous, liquid or solid insulation

102 Note 1 to entry: Corona partial discharges may form in gaseous voids in solid insulation badly impregnated with oil,

103 or in bubbles of air trapped. Corona partial discharges produce very specific gases - mostly hydroigoeu

104 abbreviated by convention in IEC 60599 as “PD or “corona PD”. ments
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105 As a result of very large numbers of corona PDs, X-wax (polymerized solid from the insulating liquid) may sometimes
106 be formed. It is often difficult to find by visual inspection.

107 Note 2 to entry: Scintillations of low energy and “tracking” on the surface of insulating materials, detected during
108 electrical tests, are often described as partial discharges but should rather be considered as disruptive discharges
109 of low energy, since they are the result of local dielectric breakdowns of high ionization density, or small arcs
110 according to the conventions of physics. They are characterized by the formation of acetylene.

111 [SOURCE: IEC 60599 2022, modified]
112 1.1.6 Disruptive discharge
113 Passage of an electric arc following electric breakdown

114 Note — Depending on the amount of energy contained in the discharge, it will be described as a discharge of low or
115 high energy based on the maximum current, and the amount of damage to the insulating material.

116 [SOURCE: Electropedia, 212-11-46]

117 1.1.7 Thermal fault

118 Excessive temperature rise in the insulation

119 Note 1 to entry: typical causes are

120 — insufficient cooling or lack of circulation of the insulating fluid;

121 — excessive heat circulating in adjacent metal parts (e. g. as a result of bad contacts),

122 losses due to eddy currents, stray losses or leakage flux;

123 — excessive currents circulating through the insulation (as a result of high dielectric losses), leading to a thermal
124 runaway;

125 — overheating of internal winding, selector or bushing connection lead;

126 — overloading.

127 [SOURCE: IEC 60599:2022]

128

129 1.1.8 90 or 95 percentiles of gas concentrations and gassing rates

130 Upper gas concentrations found in an arbitrary percentage of equipment in service (e.g.: 90%
131 or 95% of the population) ranked in gas concentration increasing order

132 Note 1 to entry: Alternatively other values based on justified utility/user experience can be applied-

133 Note 2 to entry: Those values will differ in different types of equipment and in different networks, depending on age
134 of transformer, type and location of the fault, operating practices (load levels, climate, etc.) and will be also dependent
135 on the available number of equipment and analyses included in the evaluated databases.

136 Note 3 to entry: 90 or 95 percentiles are not to be intended as thresholds, alert or alarm limit, but are intended to
137 trigger deeper investigation diagnoses (see also Chapter 5).
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1.2 Abbreviations

1.2.1 Chemical names and formulae

Name Formula
Nitrogen N2
Oxygen 0O,
Hydrogen Ha

Carbon monoxide CO
Carbon dioxide CO,
Methane CH.

Ethane CzHs

Ethylene CoH4
Acetylene C2H2

NOTE Acetylene and ethyne are both used for C,H,; ethylene and ethene are both used for C,H,

1.2.2 General abbreviations

DGA dissolved gas analysis (ref. IEC 60567)

ppm parts per million by volume of gas in oil, equivalent to pul(of gas)/I(of oil). See
IEC 60567:2023, 9.7, note 1.

OLTC on load tap changer

PD partial discharges - see 1.1.5

D disruptive discharge — see 1.1.6

T thermal fault — see 1.1.7

Other faults - see Annex C

2 Gas generation in a natural and synthetic ester-filled transformer

2.1 General

Ester insulating liquids (synthetic and natural) exhibit lower environmental impact relative to most
mineral insulating liquids (see 61039 and 62770) . For this reason, esters are used in susceptible
environmental areas and inland and offshore wind applications. The disposal of esters, chemicals and
sample containers mentioned in this standard, however, can be subject of regulatory requirements
and every precaution should be taken to prevent their release into the environment.

They have high flash and fire points and are preferred insulating liquids at stringent fire requirements.
Nevertheless, they should not be considered as “not flammable”, but only as “less flammable”. Smoke
formation in case of fire is much less than with mineral oils.

The different properties result in different values in the maintenance procedures, e.g. acidity, DDF etc
as described in IEC 61203 and IEC 62975 and can influence the gassing behaviour of synthetic and
natural esters.

Ester liquids have been already used for many years in electrical equipment. The most common
use is with distribution and industrial (traction and offshore) transformers. Up to now the
experience with medium and power transformers is limited, due to the relative low number
esters used in those. This is reflected in the databases gathered.
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171 Fault gases generated in ester liquids under fault conditions are the same as those generated in
172 mineral oil, however, the ratios and rates may be different. This can be due to the differences in their
173 physical and chemical properties in comparison to mineral oils.

174 211 Physical and Chemical properties

175 Natural and synthetic esters exhibit different chemical and physical properties than mineral oils (see
176 IEC 62770 and IEC 61099). The higher viscosity in comparison to mineral insulating oils which may
177 result in longer arcing times with arc-breaking type OLTCs [1].

178 Esters can be hydrolized by water, which may lead to higher acidity and eventually to higher carbon
179 dioxide concentration. Oxidation in a free breathing equipment in case of synthetic esters can also

180 lead to a higher carbon dioxide concentration. Natural ester molecules are composed of long chains of
181 hydrocarbons and can have one or more doble bonds called unsaturations. Multiple unsaturated

182 double bonds will cause the development of ethane and hydrogen, especially in the presence of air.
183 Unsaturated bonds will facilitate oxidation, therefore natural esters shall be used in equipment closed
184 from the atmosphere.

185 Note: some monoesters and blends of monoesters can have lower viscosity.

186 2.1.2 Dielectrical properties

187 Esters have different properties under LI (lightning impulse) test, streaming propagation, positive and
188 negative polarities in comparison to mineral oils. Also their electrostatic charging tendency is different
189 [2, 3]. See also 2.1.

190 2.1.3 Gassing behaviour under dielectric breakdown and thermal stress

191 User experience shows that the main fault manifestations in gas-in-oil analyses is similar to
192  those of mineral oil. A lot of systematic research on gassing experience and comparison has
193  been carried out. Results of gas-in-oil behaviour under vacuum extraction of uninhibited
194  mineral oil (acc. IEC 60296), synthetic ester (acc. IEC 61099) and natural ester on soybean
195  basis (acc. IEC 62770) under dielectric and thermal conditions are shown below.

196  2.1.3.1 Example for gas generation under dielectric breakdown conditions [4]
197
198 An example for the gas generation under breakdown conditions is shown on Fig. 1.
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200 Fig. 1. Relative gas generation after 100 breakdowns in accordance with IEC 60156 (5s
201 pause between breakdowns without stirring).

202 2.1.3.2 Example for gas generation under thermal conditions [4]
203

204  An example for gas generation after ageing at 120°C for 64h on air saturated insulated liquids
205 [i.e., thermal stray gassing of oil according to the definition [5]], is shown on Fig.2.
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208 Fig. 2. Gas generation after ageing at 120°C for 64h on air saturated insulated liquids

209 Note: In this experiment a stray gassing uninhibited mineral oil according to IEC 60296:2020 and natural ester on
210 soybean base have been used.

211 Similarity in the gas pattern between ester liquids and mineral oil under corona partial discharge
212 conditions have been found in other publications [6, 7]. Although the gas patterns of synthetic
213 and natural esters for partial discharge, discharge and thermal faults are similar for those for
214 mineral oils, the individual gas concentrations may be different.

215 Since many ester filled transformers can have paper or aramid insulation (or both), at this
216  stage it is difficult to evaluate the source of high carbon dioxide concentration.
217

218 2.1.4  Stray Gassing under thermo-oxidative stress

219 Stray gassing investigations on the presence and absence of air, as well as in presence and
220 absence of copper have been carried out by Cigre WG D1.70 at 105°C for 48h [8]. The results
221 for synthetic ester (IEC 61099) and for natural ester on soybean base (IEC 62770) compared
222 to uninhibited mineral oil (IEC 60296) are presented on Fig 3a — 3c (hydrogen), Fig. 4a — 4c
223  (methane), Fig. 5a — 5c¢ (ethane) and Fig. 6a — 6¢ (carbon monoxide) respectively. No acetylene
224 has been generated under these test conditions. The amount of ethylene generated under these
225 conditions using those insulating liquids was negligeable, therefore not presented in the
226 graphic. Behaviour of other types of natural esters can be different.

227 Note: A stray gassing test according to [8] in unused state can give a useful indication on the stray gassing performance of the
228 corresponding liquid filling

Documents

Document Sharing Hub

Full document details: 24/30500155 DC


http://www.avadocuments.com/doc/24-30500155-dc
http://www.avadocuments.com/doc/24-30500155-dc

