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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OIL-FILLED ELECTRICAL EQUIPMENT -
SAMPLING OF FREE GASES AND ANALYSIS
OF FREE AND DISSOLVED GASES IN MINERAL OILS
AND OTHER INSULATING LIQUIDS - GUIDANCE

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp.’sing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promnte inter. ational
co-operation on all questions concerning standardization in the electrical and electronic fields. To ti.’'s ehd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Teci.ical Xeports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publicatior.’s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in th » subject dealt with
may participate in this preparatory work. International, governmental and non-governmenta: ~rganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Inter. ationa. Organization for
Standardization (ISO) in accordance with conditions determined by agreement betwc 2n th . twe organizations.

The formal decisions or agreements of IEC on technical matters express, as i 2@rly s pussible, an international
consensus of opinion on the relevant subjects since each technical commii. e his representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationai us=2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made tr.en. ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th2 way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National C-mn.’ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their natior.a. anu regional publications. Any divergence between
any IEC Publication and the corresponding national or reg nnal »ublication shall be clearly indicated in the latter.

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 certificatior hodl'ies.

All users should ensure that they have the laic=t dition of this publication.

No liability shall attach to IEC or its dire :itc''s, .employees, servants or agents including individual experts and
members of its technical committees end . -C ational Committees for any personal injury, property damage or
other damage of any nature whatshev.r, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicetion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the No. rativ 2 references cited in this publication. Use of the referenced publications is
indispensable for the corr=ct ap . !ication of this publication.

IEC draws attention ‘v ‘he possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes ‘0 pcition concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of .. 2"Jdate of publication of this document, IEC had not received notice of (a) patent(s), which
may be requirc ' to imple.nent this document. However, implementers are cautioned that this may not represent
the latest inf-rma’on, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not k= he'd responsible for identifying any or all such patent rights.

IEC 60£57 has been prepared by IEC technical committee 10: Fluids for electrotechnical
apnlications. It is an International Standard.

Thiz fifth edition cancels and replaces the fourth edition published in 2011. This edition
cnstitutes a technical revision.

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

a) a new normative Annex F relating to DGA analysis of insulating liquids other than mineral

oils (esters and silicones) has been added,;

b) Clause 4 to Clause 11 and informative Annex A to Annex E remain devoted to mineral oils;
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c) two new mercury-free gas extraction methods are described in Annex B (low pressure
vacuum extraction and mechanical oscillation).

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

Draft Report on voting

10/1207/FDIS 10/1211/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'dev>lofcd in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Suppleme: *, available
at www.iec.ch/members_experts/refdocs. The main document types develoned by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will rema.n unchanged until the
stability date indicated on the IEC website under webstore.iec.c.> in (he data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo ‘»n the cover page of this document indicates
that it contains colours which are cons 'a.ed to be useful for the correct understanding
of its contents. Users should therefo.~ arint this document using a colour printer.
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INTRODUCTION

Gases can be formed in oil-filled electrical equipment due to natural ageing but also, to a much
greater extent, as a result of faults.

Operation with a fault can seriously damage the equipment, and it is valuable to be able to
detect the fault at an early stage of development.

Where a fault is not severe, the gases formed will normally dissolve in the oil, with a small
proportion eventually diffusing from the liquid into any gas phase above it. Extracting dissolved
gas from a sample of the oil and determining the amount and composition of this gas is a means
of detecting such faults, and the type and severity of any fault can often be inferred fron: the
composition of the gas and the rate at which it is formed.

In the case of a sufficiently severe fault, free gas will pass through the oil and colle - in thr; gas-
collecting (Buchholz) relay if fitted; if necessary, this gas may be analysed tc assist in
determining the type of fault that has generated it. The composition of gases wihin the bubbles
changes as they move through the oil towards the gas-collecting relay.

This can be put to good use, as information on the rate of gas production ~ah often be inferred
by comparing the composition of the free gases collected with thu cor centrations remaining
dissolved in the liquid.

The interpretation of the gas analyses is the subject of IEC-205 9.

These techniques are valuable at all stages in the life >f o.'-filled equipment. During acceptance
tests on transformers in the factory, comparison of zas-'n-oil analyses before, during and after
a heat run test can show if any hot-spots are prsert, and similarly analysis after dielectric
testing can add to information regarding the presencc of partial discharges or sparking. During
operation in the field, the periodic removalof an oil sample and analysis of the gas content
serve to monitor the condition of transforn ars ana other oil-filled equipment.

The importance of these techniques iias led to the preparation of this document, to the
procedures used for the samplir.a, .=2in oil-filled electrical equipment, of gases and oils
containing gases, and for subseq len* analysis.

NOTE Methods described in tk s uosument apply to insulating oils, since experience to date has been almost
entirely with such oils. The me.nocu > c-.n also be applied to other insulating liquids, in some cases with modifications.

General caution, hc¢alvy, safety and environmental protection

WARNING - T~ docun.ent does not purport to address all the safety problems associated with
its use. It'is ti. = responsibility of the user of this document to establish appropriate health and
safety practices and determine the applicability of regulatory limitations prior to use.

Ti.= n.muating oils which are the subject of this document should be handled with due regard
tepersone | hygiene. Direct contact with the eyes can cause irritation. In the case of eye contact,
irr.nation with copious quantities of clean running water should be carried out and medical
<dvice sought. Some of the tests specified in this document involve the use of processes that
can lead to a hazardous situation. Attention is drawn to the relevant standard for guidance.

Mercury presents an environmental and health hazard. Any spillage should immediately be
removed and be properly disposed of. Regulatory requirements for mercury use and handling
can apply. Mercury-free methods may be requested in some countries.
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Environment

WARNING - This document is applicable to insulating oils, chemicals and used sample
containers.

Attention is drawn to the fact that, at the time of writing of this document, many insulating oils
in service are known to be contaminated to some degree by polychlorinated biphenyls (PCBs).
If this is the case, 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 can be subject to regulatory requirements. Every
precaution should be taken to prevent the release of any type of insulating oil into the
environment, including those partially biodegradable with time.
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OIL-FILLED ELECTRICAL EQUIPMENT -
SAMPLING OF FREE GASES AND ANALYSIS
OF FREE AND DISSOLVED GASES IN MINERAL OILS
AND OTHER INSULATING LIQUIDS - GUIDANCE

1 Scope

This document deals with the techniques for sampling free gases from gas-collecting relays
from power transformers. Three methods of sampling free gases are described.

The techniques for sampling oil from oil-filed equipment such as power and instrument
transformers, reactors, bushings, oil-filled cables and oil-filled tank-type capacitors are no
longer covered by this document, but are instead described in IEC 60475:2022, 4.2.

Before analysing the gases dissolved in oil, they are first extracted from the oil. Three basic
methods are described, one using extraction by vacuum (Toepler and partial degassing),
another by displacement of the dissolved gases by bubbling the carrier gas through the oil
sample (stripping) and the last one by partition of gases between the oil sample and a small
volume of the carrier gas (headspace). The gases are analysed quantitatively after extraction
by gas chromatography; a method of analysis is described. Free gases from gas-collecting
relays are analysed without preliminary treatment.

The preferred method for ensuring the performance of the gas extraction and analysis
equipment, considered together as a single system, is to degas samples of oil prepared in the
laboratory and containing known concentrations of gases ("gas-in-oil standards") and
quantitatively analyse the gases extracted. Two methods of preparing gas-in-oil standards are
described.

For daily calibration checks of the chromatograph, it is convenient to use a standard gas mixture
containing a suitable known amount of each of the gas components to be in a similar ratio to
the common ratios of the gases extracted from transformer oils.

The techniques described take account, on the one hand, of the problems peculiar to analyses
associated with acceptance testing in the factory, where gas contents of oil are generally very
low and, on the other hand, of the problems imposed by monitoring equipment in the field,
where transport of samples can be by un-pressurized air freight and where considerable
differences in ambient temperature can exist between the plant and the examining laboratory.

2 Normative references

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

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

IEC 60475:2022, Method of sampling insulating liquids

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1:
General principles and definitions



