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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MINERAL INSULATING OILS IN ELECTRICAL EQUIPMENT -
SUPERVISION AND MAINTENANCE GUIDANCE

FOREWORD

this end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd“to as| “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in [the subject dealt with may participate in this preparatory work. International, governmental and
gojernmental organizations liaising with the IEC also participate in this preparation. IEC)collaborates d
with the International Organization for Standardization (ISO) in accordance with,.conditions determin
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, as neatly‘as possible, an intern
cohsensus of opinion on the relevant subjects since each technical commitiee has representation fr
interested IEC National Committees.

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

Publications is accurate, IEC cannot be held responsible for thé )way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National/€emmittees undertake to apply IEC Publig

2013
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ations

transparently to the maximum extent possible in their«national and regional publications. Any divengence

befween any IEC Publication and the corresponding national or regional publication shall be clearly indic3
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access™o IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification,bodies.

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

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

Atfention is drawn to thesNormative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atfention is drawn, to.the possibility that some of the elements of this IEC Publication may be the sub
pafent rights. IEG.shall not be held responsible for identifying any or all such patent rights.

ted in
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luids

technical revision.

The main changes with respect to the previous edition are as follows:

This new edition represents a major revision of the third edition, in order to bring in line this
standard with latest development of oil condition monitoring, containing new limits for oil
parameters, suggested corrective actions in the tables and new test methods.

The action limits for all oil tests have been revised and changes made where necessary to
enable users to use current methodology and comply with requirements and regulations
affecting safety and environmental aspects.
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In addition, this standard incorporates changes introduced in associated standards since the
third edition was published.

The text of this standard is based on the following documents:

FDIS Report on voting
10/894/FDIS 10/896/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting_indicated in the above table

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

The gommittee has decided that the contents of this publication will remain unchanged| until
the gtability date indicated on the IEC web site under "http://webstore.iee.ch" in the|data
relate¢d to the specific publication. At this date, the publication will be

* regconfirmed,

* withdrawn,

¢placed by a revised edition, or
* amended.

—
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INTRODUCTION

Insulating mineral oils are used in electrical equipment employed in the generation,
transmission, distribution and use of electrical energy, so that the amount of oil in service,
worldwide, amounts to hundreds of millions of kilograms.

Monitoring and maintaining oil quality is essential to ensure the reliable operation of oil-filled
electrical equipment. Codes of practice for this purpose have been established by electrical
power authorities, power companies and industries in many countries.

A re ;UVV Uf uuucut UI\'JCI;CIIUU IUVUG:O d VV;CIIU VGI;Gt;UII Uf pIUUUdUIUO Glld UI;tUI;G. |t IS
poss|ble, however, to compare the value and significance of standardized oil tests' and to
recommend uniform criteria for the evaluation of test data.

If a gertain amount of oil deterioration (by degradation or contamination) is exeeeded, thire is
inevilably some erosion of safety margins and the question of the risk of premature failure
shou|d be considered. While the quantification of the risk can be very difficult, a first|step
involyes the identification of potential effects of increased deterioration. The philojophy
undeflying this standard is to furnish users with as broad a base|of understanding ¢f oil
qualify deterioration as is available, so that they can make informed decisions on insp€gction
and maintenance practices.

Unusged mineral oils are limited resources and should be~handled with this in mind. Used
minefal oils are, by most regulations, deemed to be controlled waste. If spills occur thisl may
have| a negative environmental impact especially ,if the oil is contaminated by persistent
organic pollutants such as polychlorinated biphenyls{PCBs).

This | International Standard, whilst technically sound, is mainly intended to serve fas a
common basis for the preparation of more specific and complete codes of practice by users in
the Ilght of local circumstances. Soundsengineering judgement will have to be exertgd in
seek|ng the best compromise between:technical requirements and economic factors.

Reference should also be made to instructions from the equipment manufacturer.

General caution

This |International Standard does not purport to address all the safety problems assodiated
with |ts use. It is the-responsibility of the user of this standard to establish appropriate hjealth
and gafety practices and determine the applicability of regulatory limitations prior to use.

The mineral-oils and oil additives which are the subject of this standard should be hanpdled
with fdue ‘regard to personal hygiene. Direct contact with the eyes may cause slight irritation.
In the ‘case of eye contact, irrigation with copious quantities of clean running water should be
carried out and medical advice sought. For more information, refer to the safety data sheet
provided by the manufacturer. Some of the tests specified in this standard involve the use of
processes that could lead to a hazardous situation. Attention is drawn to the relevant standard
for guidance.

Environment
This standard is applicable to mineral oils, chemicals and used sample containers.

Attention is drawn to the fact that, at the time of writing this standard, some mineral oils in
service are known to be contaminated to some degree by PCBs.
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Because of this, safety countermeasures should be taken to avoid risks to workers, the public
and the environment during the life of the equipment, by strictly controlling spills and
emissions. Disposal or decontamination of these oils should be carried out strictly according
to local regulations. Every precaution should be taken to prevent release of mineral oil into
the environment.
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MINERAL INSULATING OILS IN ELECTRICAL EQUIPMENT -
SUPERVISION AND MAINTENANCE GUIDANCE

1 Scope

2013

This International Standard gives guidance on the supervision and maintenance of the quality
of the insulating oil in electrical equipment.

This

IEC 60296, in transformers, switchgear and other electrical apparatus where oil (sampli
reasgnably practicable and where the normal operating conditions specified in the "equip

spec

This
cond

fications apply.

tion of the oil and maintain it in a serviceable condition. It also pfoyvides a common

for the preparation of more specific and complete local codes of practice.

The
meth
with

NOTE

standard includes recommendations on tests and evalGation procedures and ou

PCBs.

compqunds or other means, is outside the scope of this standard:

2 Normative references

The following documents, in whole or ingpart, are normatively referenced in this documen

are i
unda

fed references, the latestx‘edition of the referenced document (including

amendments) applies.

IEC 60156, Insulating liquids—= Determination of the breakdown voltage at power freque

Test

method

standard is applicable to mineral insulating oils, originally supplied confofmirtjg to

ng is
ment

standard is also intended to assist the power equipment operator to evaluate the

basis

lines

pds for reconditioning and reclaiming oil and the decontamination of oil contamipated

The condition monitoring of electrical equipment, for{example by analysis of dissolved gases, furanic

I and

ndispensable for its application. For dated references, only the edition cited applies. For

any

hey —

IEC 60247, Insulating liquids — Measurement of relative permittivity, dielectric dissipation

facto

r (tan 0) andid.c. resistivity

IEC 6029632012, Fluids for electrotechnical applications — Unused mineral insulating oi
transformers and switchgear

s for

IEC 60475, Method of sampling liquid dielectrics

IEC 60666:2010, Detection and determination of specified additives in mineral insulating oils

IEC 60814, Insulating liquids — Oil-impregnated paper and pressboard — Determination of
water by automatic coulometric Karl Fischer titration

IEC 60970, Insulating liquids — Methods for counting and sizing particles

IEC 61125:1992, Unused hydrocarbon based insulating liquids — Test methods for evaluating

the o

xidation stability
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IEC 61619, Insulating liquids — Contamination by polychlorinated biphenyls (PCBs) — Method
of determination by capillary column gas chromatography

IEC 62021-1, Insulating liquids — Determination of acidity — Part 1: Automatic potentiometric
titration

IEC 62021-2, Insulating liquids — Determination of acidity — Part 2: Colourimetric titration

IEC 62535:2008, Insulating liquids — Test method for detection of potentially corrosive sulphur
in used and unused insulating oils

IEC ¢

in unused and used insulating liquids - Part 1: Test method for quantitative determinati

diber

ISO 2049, Petroleum products — Determination of colour (ASTM scale)

ISO 2719, Determination of flash point — Pensky-Martens closed cup method

ISO

ISO 3104, Petroleum products — Transparent and opaque liquids — Determination of kine

visco

ISO B675, Crude petroleum and liquid petroleum“products — Laboratory determinati

dens

ISO 4
by sd@

EN 1
activ

ASTM D1275:2006,(Standard Test Method for Corrosive Sulfur in Electrical Insulating Oil

DIN {

2697-1:2012, Test methods for quantitative determination of corrosive sulfur compo

zyldisulfide (DBDS)

016, Petroleum products — Determination of pour point

sity and calculation of dynamic viscosity

ty — Hydrometer method

1406:1999, Hydraulic fluid power — Fluids — Method for coding the level of contamin
lid particles

1210, Surface active agents — Betermination of interfacial tension of solutions of su|
b agents by the stirrup or ring method

ASTM D971, Standard Test.Method for Interfacial Tension of Oil Against Water by the

Methpd

b1353: Testing of insulating oils; Detection of corrosive sulphur; Silver strip test

unds
bon of

matic

bn of

ation

rface

Ring

Or
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

HUILES MINERALES ISOLANTES DANS LES MATERIELS ELECTRIQUES -
LIGNES DIRECTRICES POUR LA MAINTENANCE ET LA SURVEILLANCE

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (CEl) est une organisation mondiale de normalisation

La Nprmée internationale CEIl 60422 a été établie par le comité d'études 10 de la CEl: FI
pour japplications électrotechniques.

co -
pour objet de favoriser la coopération internationale pour toutes les questions de normalisation (da
domaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autres activités — publie,.des N
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de la CEI"). Leur élaboration est confiée
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut/participg
organisations internationales, gouvernementales et non gouvernementales, en liaison avecAa CEl, part
égplement aux travaux. La CEl collabore étroitement avec I'Organisation Internationale dé Normalisation
selon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de la CEl concernant les questions techniques, feprésentent, dans la nj
du| possible, un accord international sur les sujets étudiés, étant donné que les.,€omités nationaux de
interessés sont représentés dans chaque comité d’études.

Lep Publications de la CEIl se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de la CEI. Tous les efforts raisofinables sont entrepris afin que
s'gdssure de I'exactitude du contenu technique de ses publications; la CEl ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétation qui en est faite(par un quelconque utilisateur final.

Ddns le but d'encourager l'uniformité internationale, les Comités‘nationaux de la CEl s'engagent, dans td
mgsure possible, a appliquer de fagon transparente les~Publications de la CEl dans leurs publig
nafionales et régionales. Toutes divergences entre touteS Publications de la CEl et toutes publig
nafionales ou régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

La| CEl elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépe
fodrnissent des services d'évaluation de conformité”et, dans certains secteurs, accedent aux marqu
copformité de la CEIl. La CEIl n'est responsable’ d'aucun des services effectués par les organism
ceftification indépendants.

Tous les utilisateurs doivent s'assurer qu'ils\sont en possession de la derniére édition de cette publication|.

Adcune responsabilité ne doit étre simputée a la CEIl, a ses administrateurs, employés, auxiliair|
mgndataires, y compris ses experts_particuliers et les membres de ses comités d'études et des C
nafionaux de la CEI, pour tout préjudice causé en cas de dommages corporels et matériels, ou de touf
dommage de quelque nature que'Ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
deljustice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de la CEI
togte autre Publication de la CEIl, ou au crédit qui lui est accordé.
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L'dttention est attirée suhles références normatives citées dans cette publication. L'utilisation de publidations

référencées est obligatoife pour une application correcte de la présente publication.

L’'gttention est attirée sur le fait que certains des éléments de la présente Publication de la CEIl peuven
I’opjet de droits de brevet. La CEIl ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brevets et de ne pas avoir signalé leur existence.
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Cette quatriéme édition annule et remplace la troisieme édition, publiée en 2005, et constitue
une révision technique.

Les modifications principales par rapport a I'édition précédente sont les suivantes:

Cette nouvelle édition représente une révision importante de la troisiéme édition, qui a pour
objet d’aligner la présente norme sur les derniers développements de la surveillance de I'état
de I'huile, contenant de nouvelles limites pour les paramétres relatifs aux huiles, les actions
correctives suggérées dans les tableaux et de nouvelles méthodes d’essais.

Les limites d’action pour tous les essais effectués sur les huiles ont été mises a jour et des
changements ont été faits lorsque c’était nécessaire pour permettre a des utilisateurs


http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/47342!opendocument&preview=1
https://iecnorm.com/api/?name=41af9ba2ce5f968ad41f39021edcce80

This is a preview - click here to buy the full publication

-50 - 60422 © CEI:2013

d'employer la méthodologie courante et de se conformer aux exigences et aux reglements
affectant la sécurité et les aspects environnementaux.

Cette norme incorpore, également, les modifications introduites dans les normes associées
depuis que la troisiéme édition a été publiée.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
10/894/FDIS 10/896/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le Vote ayant
abouti a I'approbation de cette norme.

Cettg publication a été rédigée selon les Directives ISO/CEI, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de la CEIl sous "http://webstoreciec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

* rgconduite,

* supprimée,

* remplacée par une édition révisée, ou
+ amendée.
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