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Keeping Standards up-to-date

Standards are living documents which reflect progress in science, technology and
systems. To maintain their currency, all Standards are periodically reviewed, and
new editions are published. Between editions, amendments may be issued.
Standards may also be withdrawn. It is important that readers assure themselves
they are using a current Standard, which should include any amendments which
may have been published since the Standard was purchased.

Detailed information about Standards can be found by visiting the Standards Web
Shop at www.standards.com.au and looking up the relevant Standard in the on-line
catalogue.

Alternatively, the printed Catalogue provides information current at 1 January each
year, and the monthly magazine, The Global Standard, has a full listing of revisions
and amendments published each month.

Australian Standards™ and other products and services developed by Standards
Australia are published and distributed under contract by SAI Global, which
operates the Standards Web Shop.

We also welcome suggestions for improvement in our Standards, and especially
encourage readers to notify us immediately of any apparent inaccuracies or

ambiguities. Contact us via email at mail@standards.org.au, or write to the Chief
Executive, Standards Australia, GPO Box 476, Sydney, NSW 2001.

This Standard was issued in draft form for comment as DR 06176.
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PREFACE

This Standard was prepared by the Standards Australia Committee EL-053, Fire hazard
testing—Electrotechnical equipment.

The objective of this series of standards is to provide the electrotechnology industry and
standards writing committees with a series of standards which give guidance on assessing the
fire hazard of electrotechnical products.

This Standard is identical with, and has been reproduced from IEC 60695-1-40, Ed 1.0 (2002),
Fire hazard testing - Part 1-40: Guidance for assessing the fire hazard of electrotechnical
products - Insulating liquids.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number does not appear on each page of text and its identity is shown only on the
cover and title page.

(b) In the source text ‘IEC 60695-1-40’ should read ‘AS 60695.1.40°.
(c) A full point should be substituted for a comma when referring to a decimal marker.
(d)  Any French text on figures should be ignored.

The terms ‘normative’ and ‘informative’ are used to define the application of the annex to
which they apply. A normative annex is an integral part of a standard, whereas an informative
annex is only for information and guidance.

Any International Standard referenced should be replaced by an equivalent Australian Standard
where one is available. The availability of equivalent Australian Standards can be determined
either from the Standards Web Shop at www.standards.com.au or from the annual printed
catalogue of Australian Standards.
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INTRODUCTION

The risk of fire must be considered for all forms of electrotechnical products. For more than
100 years, insulating liquids based on mineral oil have been used for the insulating and
cooling of electrical transformers and some other types of electrotechnical equipment.

During the last 60 years, synthetic insulating liquids have been developed and used in
specific electrotechnical applications for which their properties are particularly suitable.
However, for technical and economic reasons, highly refined mineral oil continues to be the
most widely used insulating liquid for use in transformers, the major end use application.
Their safe installation is covered by local, national and international regulations.

The fire safety record of electrotechnical equipment containing insulating liquids is good, for
both mineral oil and synthetic liquids. In recent years improvements in design and protective
measures against fire have reduced the fire hazard for electrotechnical equipment containing
mineral oil. However, as for all forms of electrotechnical equipment, the objective should be to
reduce the likelihood of fire even in the event of foreseeable abnormal use.

The practical aim shall be to prevent ignition, but if ignition occurs, to control the fire,
preferably within the enclosure of the electrotechnical equipment.
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STANDARDS AUSTRALIA

Australian Standard

Fire hazard testing
Part 1.40: Guidance for assessing the fire hazard of electrotechnical
products—Insulating liquids

1 Scope

This technical specification provides guidance on the minimization of fire hazard arising from
the use of electrical insulating liquids to

a) electrotechnical equipment and systems,
b) people, building structures and their contents.

As insulating liquids are always part of an insulating system, the fire hazard of the complete
system must also be assessed.

This basic safety publication is primarily intended for use by technical committees in the
preparation of standards in accordance with the principles laid down in IEC Guide 104 and
ISO/IEC Guide 51. It is not intended for use by manufacturers or certification bodies.

One of the responsibilities of a technical committee is, wherever applicable, to make use of
basic safety publications in the preparation of its publications.

2 Normative references

The following referenced documents are indispensable for the application 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 60695-1-1:1999, Fire hazard testing — Part 1-1: Guidance for assessing the fire hazard of
electrotechnical products — General guidelines

IEC 60695-8-1:2001, Fire hazard testing — Part 8-1. Heat release — General guidance

IEC 61100:1992, Classification of insulating liquids according to fire-point and net calorific
value

IEC Guide 104:1997, The preparation of safety publications and the use of basic safety
publications and group safety publications

ISO/IEC Guide 51:1999, Safety aspects — Guidelines for their inclusion in standards
ISO/IEC 13943:2000, Fire safety — Vocabulary

ISO 2592:2000, Determination of flash and fire points — Cleveland open cup method

3 Definitions
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4 Classification of insulating liquids

Insulating liquids have been classified in IEC 61100 according to fire point and net calorific
value (net heat of combustion) as shown in Table 1.

Table 1 — Classification of insulating liquids

. . Net calorific value
Fire point (net heat of combustion)
Class O <300 °C Class 1 >42 MJ/kg
<42 MJ/kg
Class K >300 °C Class 2
>32 MJ/kg
Class L N°fr.“easu.rab'e Class 3 <32 MJ/kg
ire point
EXAMPLE: Mineral transformer oil (IEC 60296) has a classification of O1.

5 Types of electrotechnical equipment containing insulating liquids

Insulating liquids are used in some designs of

° transformers and reactors

° capacitors

o cables

° bushings

° switchgear

° miscellaneous power electronics (and some other electrotechnical applications in which

the liquid serves partly as an insulant, but primarily as a coolant)

In many cases, alternative designs use solid or gaseous insulation materials as an alternative
to liquids. This technical specification does not discuss the relative advantages and
disadvantages of these alternatives.

6 Fire parameters

The main parameters which relate to the ignition and combustion of insulating liquids are
described below.

6.1 Ignitability

This is measured by fire point as described in ISO 2592.

6.2 Combustion characteristics

These should be considered in terms of contribution to the fire load and fire hazard caused by
combustion effluents. The hazard caused by non-combustion effluents, which may be evolved
in a fire scenario even if the insulating liquid does not burn, should also be considered.

6.2.1 Contribution to fire growth and total fire load

Important parameters are heat of combustion (net calorific value), heat release rate and heat
of gasification.
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6.2.2 Combustion and non-combustion effluents

Important parameters are opacity, corrosivity and toxicity.

7 Fire scenarios

Fire scenarios for electrotechnical equipment containing insulating liquids are described
below. These fire scenarios are particularly relevant for transformers, the major end use
application for insulating liquids, and in some cases for other types of electrotechnical
equipment.

The fire hazard should be assessed with reference to IEC 60695-1-1.

For electrotechnical equipment containing insulating liquids, the two types of scenario that
should be considered are origin and victim.

In the origin scenario, fire is initiated by failure within the electrotechnical equipment. In the
victim scenario, the insulating liquid contributes to the fire load for a fire of external origin.

7.1 Origin scenario
Consideration should be given to

a) whether the insulating liquid can be heated to its fire-point under equipment overload
conditions. This could result in fire initiation if exposed to an external source of ignition;

b) whether fire can be initiated by an uncontrolled high-energy internal arc.

This may create internal pressure sufficient to rupture the insulating liquid container in the
electrotechnical equipment. The liquid is then ejected, normally as a spray, which may be
ignited by the arc. The spray burns intensely for a short period but then forms a pool which
may or may not be burning at the base of the electrotechnical equipment. Experience with
Class O1 insulating liquids has shown that burning of a resultant pool fire causes most
damage but no pool fires have been reported for Class K liquids.

Tests on Class K insulating liquids (known as less-flammable insulating liquids) have shown
that even if spray ignites in this way, the resulting pool of liquid rapidly ceases to burn. This is
largely due to its high fire-point. However, mineral oils (Class O1) are much more likely to
continue to burn as a pool fire. Therefore, much of the information relating to fire damage
applies to Class O1 liquids.

Askarels (see Annex A) exhibit similar behaviour to Class K insulating liquids. The spray and
dissolved gases could ignite, even though askarels are rated as Class L. The resulting pool
formed would not continue to burn.

For many types of electrotechnical equipment, Class O1 insulating liquids are almost always
used for technical and/or economic reasons. Protection against fire should then be provided
by appropriate design and safe location of the electrotechnical equipment, including physical
and electrical control devices (see Annex B).

Class K insulating liquids require less stringent protective measures than Class O insulating
liguids (see Annexes A and C).

The major use of insulating liquids is in transformers. The following list of major and minor fire
scenarios applies to transformers and in some cases to other types of electrotechnical
equipment containing insulating liquids.
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