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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -
Part 6: Equipment protection by liquid immersion "o"

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.

DISCLAIMER

This Consolidated version is not an official IEC Standard and has been prepared for
user convenience. Only the current versions of the standard and its amendment(s)
are to be considered the official documents.

This Consolidated version of IEC 60079-6 bears the edition number 4.1. It consists of
the fourth edition (2015-02) [documents 31/1157/FDIS and 31/1172/RVD] and its
amendment 1 (2020-02) [documents 31/1517/FDIS and 31/1526/RVD]. The technical
content is identical to the base edition and its amendment.

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 60079-6 has been prepared by IEC technical committee 31:
Equipment for explosive atmospheres.

This fourth edition constitutes a technical revision.

The significant changes with respect to the previous edition are listed below:

— Edition 4 represents a major technical revision of the requirements for oil immersion “o
and should be considered as introducing all new requirements. The normal “Table of
Significant Changes” has not been included for this reason. In particular:

e The requirements for oil immersion “0” have been redefined into liquid immersion ,
levels of protection “ob” and “oc” as recommended by the responses to 31/715/DC

o The ability to protect sparking contacts has been added to both “ob” and “oc”

— Additional requirements have been introduced for the protective liquid.

This part of IEC 60079 is to be used in conjunction with IEC 60079-0, Explosive atmospheres
— Part 0: Equipment — General requirements.

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

A list of all parts in the IEC 60079 series, under the general title Explosive atmospheres, can
be found on the IEC website.

The committee has decided that the contents of the base publication and its amendment will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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EXPLOSIVE ATMOSPHERES -

Part 6: Equipment protection by liquid immersion "o"

1 Scope

This part of IEC 60079 specifies the requirements for the design, construction, testing and

marking of Ex Equipment and Ex Components with type of protection liquid immersion “o
intended for use in explosive gas atmospheres.

Ex Equipment and Ex Components of type of protection liquid immersion “0” are either:

e Level of Protection “ob” (EPL “Mb” or “Gb”)
e Level of Protection “oc” (EPL “Gc”)

For Level of Protection “ob”, this standard applies where the rated voltage does not exceed
11 kV r.m.s. a.c. or d.c.

For Level of Protection “oc”, this standard applies where the rated voltage does not exceed
15 kV r.m.s. a.c. ord.c.

Additionally, for Level of Protection "oc", Annex D applies where the rated voltage exceeds
15 kV AC RMS or DC and up to 245 kV AC RMS or DC.

Annex D applies specifically to liquid immersed transformers and reactors, and other liquid
immersed equipment such as swivels for off-shore platforms, power regulators, tap changers
and earthing/switching resistors.

NTE_ Reaul torhi . lon.

This standard supplements and modifies the general requirements of IEC 60079-0. Where a
requirement of this standard conflicts with a requirement of IEC 60079-0, the requirement of
this standard takes precedence.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60071 (all parts), Insulation co-ordination

IEC 60076-3, Power transformers — Part 3: Insulation levels, dielectric tests and external
clearances in air

IEC 60079-0, Explosive Atmospheres — Part 0: Equipment — General requirements

IEC 60079-1, Explosive atmospheres — Part 1. Equipment protection by flameproof enclosures
"d"

IEC 60079-2, Explosive atmospheres — Part 2: Equipment protection by pressurizeg enclosure

"o" ocuments
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IEC 60079-33, Explosive atmospheres — Part 33: Equipment protection by special protection

S
IEC 60137, Insulated bushings for alternating voltages above 1000 V

IEC 60156, Insulating liquids — Determination of the breakdown voltage at power frequency —
Test method

IEC 60247, Insulating liquids — Measurement of relative permittivity, dielectric dissipation
factor (tan 0) and d.c. resistivity

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60529, Degrees of protection provided by enclosures (IP Code)

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

IEC 60836, Specifications for unused silicone insulating liquids for electrotechnical purposes

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

IEC 61125, Unused hydrocarbon based insulating liquids — Test methods for evaluating the
oxidation stability

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

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

IEC 62770, Fluids for electrotechnical applications — Unused natural esters for transformers
and similar electrical equipment

ISO 2592, Determination of flash and fire points — Cleveland open cup method
ISO 2719, Determination of flash point — Pensky-Martens closed cup method
ISO 3016, Petroleum oils — Determination of pour point

ISO 3104, Petroleum products — Transparent and opaque liquids — Determination of kinematic
viscosity and calculation of dynamic viscosity

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60079-0 and the
following apply.

3.1

liquid immersion "o"

type of protection in which the electrical equipment or parts of the electrical equipment are
immersed in a protective liquid in such a way that an explosive gas atmosphere which may be

above the liquid or outside the enclosure cannot be ignited Documents
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3.2

protective liquid

liquid which prevents the explosive atmosphere from making direct contact with potential
ignition sources

3.3

sealed equipment

equipment designed and constructed in such a manner as to prevent ingress of an external
atmosphere during the expansion and contraction of the internally contained liquid during
normal operation, for example, by means of an expansion vessel

3.4

non-sealed equipment

equipment designed and constructed in such a manner as to allow the ingress and egress of
an external atmosphere during the expansion and contraction of the internally contained fluid
during normal operation

3.5

maximum permissible protective liquid level

maximum level that the protective liquid can attain in normal service, taking into account the
effects of expansion from the worst-case filling condition specified by the manufacturer to the
condition of full load at maximum ambient temperature for which the equipment is designed

3.6

minimum permissible protective liquid level

minimum level that the protective liquid can attain in normal service taking into account the
effects of contraction from the worst-case filling condition to the condition of de-energization
at minimum ambient temperature

3.7

disconnector

mechanical switching device which provides, in the open position, an isolating distance in
accordance with specified requirements

Note 1 to entry: A disconnector is capable of opening and closing a circuit when either negligible current is
broken or made, or when no significant change in the voltage across the terminals of each of the poles of the
disconnector occurs. It is also capable of carrying currents under normal circuit conditions and carrying for a
specified time currents under abnormal conditions such as those of short circuit.

[SOURCE: IEC 60050-441:1984, 441-14-05]

3.8
switching device
device designed to make or break the current in one or more electric circuits

[SOURCE: IEC 60050-441:1984, 441-14-01]

3.9

safety device

device intended for use inside or outside explosive atmospheres but required for or
contributing to the safe functioning of equipment and protective systems with respect to the
risks of explosion

3.10

tap selector

device designed to carry, but not to make or break current, used in conjunction with a diverter
switch to select tapping connections

[SOURCE: IEC 60050-421:1990, 421-11-02] Documents
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3.1

oil-immersed swivel for HV connections

oil filled equipment to transfer power with coupling between two parts enabling one to revolve
and the other to remain stationary (fixed)

3.12
oil-immersed earthing resistor
equipment intended for system neutral earthing

3.13
oil-immersed switching resistor
equipment intended for inrush current limitation

4 Constructional requirements

4.1 General

“on

For Type of Protection “liquid immersion “0”, the Ex Equipment or parts of the Ex Equipment
are immersed in a protective liquid in such a way that an explosive gas atmosphere, which
may be above the liquid or outside the enclosure, cannot be ignited.

The Ex Equipment is constructed to ensure that the necessary amount of protective liquid is
present. Dependent on the intended Equipment Protection Level, this is achieved by
monitoring device(s), indicator(s) or a level control safety device with automatic switch off.

NOTE In accordance with the requirements for all electrical equipment given in IEC 60079-0, it is assumed that
the relevant industrial requirements have been applied. The requirements of the IEC 60079 series of standards
supplement those industrial requirements.

4.2 Levels of protection and requirements of electrical equipment
4.2.1 Level of Protection
Electrical equipment with liquid immersion “0” shall be either:

a) Level of Protection “ob” (EPL Gb or Mb); or
b) Level of Protection “oc” (EPL Gc).

The requirements of this standard shall apply to all levels of protection unless otherwise
stated.

4.2.2 Requirements for Level of Protection “ob”

Electrical circuits and components, when liquid immersed in accordance with this standard,
are considered to be not ignition capable in normal operation and during expected
malfunctions, and shall be assigned a Level of Protection “ob” (EPL Gb or Mb).

A liquid level indication according to 4.7 is required.

Switching devices protected by liquid immersion level of protection “ob” shall comply with the
following additional requirements:

a) When a sealed enclosure is employed, the enclosure shall comply with the overpressure
test in 6.1.1 using four times the prescribed pressure.

b) Electrical equipment containing switching devices operated in the protective liquid, rated
at 2 kVA per contact or less, are permitted without further test. Where the switching
device is rated above 2 kVA per contact, neither pressure increases nor excessive
decomposition products shall invalidate the type of protection as demonstrated by tests in

accordance with 6.1.5. Documents
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c) The equipment shall be suitable for a prospective short circuit current of 32 kA unless
marked with a lower value.

Disconnectors and manual tap selectors, above 1 000 V, shall be lockable and provided with
a warning according to 7 i). In addition, information on their use shall be included in the
instructions.

4.2.3 Requirements for Level of Protection “oc”

Electrical circuits and components, when liquid immersed in accordance with this standard,
are considered to be not ignition capable in normal operation or in the case of regular
expected occurrences, and shall be assigned a Level of Protection “oc” (EPL Gc).

Ex Equipment containing switching devices operated in the protective liquid, rated at 10 kVA
per contact or less, are permitted without further test. For switching devices rated above
10 KVA per contact, neither pressure increases nor excessive decomposition products shall
invalidate the type of protection as demonstrated by tests in accordance with 6.1.5.

4.3 Switching device

Switching devices are only permitted for a.c. circuits where the working voltage of the switch
does not exceed the values given in Table 1. Switching devices for d.c. circuits are not

permitted.
Table 1 — Working voltage
Level of Protection “ob” “oc”
Working voltage of switching device 1000V r.m.s. a.c. 6,6 kV r.m.s. a.c.

4.4 Creepage and clearance

Electrical circuits and components intended to be immersed in the protective liquid shall meet
the relevant industrial requirements for creepage and clearance distances in air before being
immersed in the protective liquid. If the relevant industrial standard gives options for pollution
degree, pollution degree 2 shall be assumed.

4.5 Liquid containment enclosures
4.5.1 General

The chemical resistance against the protective liquid shall be documented by the
manufacturer.

NOTE It is not a requirement of this standard that conformity to the chemical resistance against the protective
liquid be verified.

The enclosures shall be subjected to the type tests as specified in Clause 6 for sealed and
unsealed enclosures respectively.

Connection bushings provided for termination of the electrical conductors shall be considered
as part of the enclosure and subject to the requirements of this clause.

4.5.2 Sealed enclosures

Covers of sealed enclosures may be continuously welded to the enclosure, or sealed by
means of a gasket, in which case, the cover shall be provided with special fasteners
according to IEC 60079-0.

Documents
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Equipment with a sealed enclosure shall be provided with a pressure-relief device. This
device shall be permanently set by the manufacturer of the liquid-filled equipment to operate
at a pressure of at least 10 kPa. Enclosures permanently sealed at the time of manufacture
shall not be capable of being opened without leaving visible evidence that the enclosure has
been opened. The enclosure shall be marked in accordance with 7 c).

NOTE Suitable techniques that can provide visible evidence of being opened are, for example, welding, soldering,
cemented joints, rivets, cementing of screws, or lead-seal safety-wiring of screws.

4.5.3 Unsealed enclosures

An enclosure, which is not sealed, shall be constructed so that gas or vapour that may evolve
from the protective liquid in normal service can escape through a breathing device which
includes a suitable drying agent. The manufacturer shall specify the maintenance
requirements for the drying agent.

4.5.4 Outlet of breathing device or pressure relief device

The outlet of the breathing device for unsealed equipment and the outlet of the pressure relief
device for sealed equipment shall face down and have a degree of protection of at least IP66
as given in IEC 60529.

4.5.5 Enclosures intended to be opened
Enclosure that are designed to be opened shall incorporate sealing methods that are capable

of being renewed without damage to the enclosure when the equipment is repaired, refilled
and resealed. The enclosure shall be marked in accordance with 7 d).

4.5.6 Determination of the maximum/minimum criteria of the protective liquid
The following criteria shall be specified:

a) the maximum and minimum level of the protective liquid;
b) the maximum working angle, from the horizontal, of the equipment;

4.6 Immersion depth
Live parts of the electrical equipment shall be immersed to a depth according to Table 2

within the protective liquid, at the minimum possible liquid level no matter the orientation of
the internal equipment.
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Table 2 — Depth of immersion
Voltage Distance
(See ¥) . - : o -
U a.c. or d.c. No switching device With a switching device
r-m.s: (a.c. only)
<50V 3 mm 10 mm
<250V 5 mm 15 mm
<1000V 10 mm 20 mm
<6000V 25 mm 50 mm
<10 000V 25 mm -
<13 640V 50 mm -
a8  When determining the required values for depth of immersion, the working voltage may be higher than the
voltage in the table by a factor of 1,1 (see Note).
NOTE The factor of 1,1 recognizes that at many places in a circuit, the working voltage equals the rated
voltage and that there are a number of rated voltages in common use that can be accommodated by the 1,1
factor.

4.7 Protective liquid level indication
4.71 General

Protective liquid level indicating device(s) complying with the following requirements shall be
provided so that the liquid level of each separate liquid-filled compartment can be easily
checked in service.

The maximum and the minimum protective liquid levels permissible in normal service shall be
marked in accordance with 7 e), taking into account the effects of expansion and contraction
resulting from operational temperature changes over the full ambient temperature range
specified by the manufacturer.

The protective liquid level indicating device shall be marked in accordance with 7 f) to indicate
the levels to which the electrical equipment shall be filled under the filling temperature
conditions specified by the manufacturer. Alternatively, an adjacent label shall be provided
which fully specifies the filling conditions.

The location of the protective liquid level indicating device shall be such that the minimum
possible indicated level of the protective liquid cannot be beneath the level necessary to
comply with 4.6, taking into account the effects of expansion and contraction resulting from
operational temperature changes over the full ambient temperature range specified by the
manufacturer.

The manufacturer shall prepare documentation to show that transparent parts will retain their
mechanical and optical properties when in contact with the protective liquid.

For non-sealed equipment, a dipstick may be used provided that, in normal operation, the
dipstick is secured in its measurement position and that the requirements of 4.5.1 with regard
to ingress protection are maintained. An adjacent warning marking shall be provided in
accordance with 7 g).

4.7.2 Remote-indicating protective liquid level indicator

If a remote-indicating protective liquid level indicator is provided, the switching element shall
be lower than the sensing element by at least the dimension shown in Table 2, or it shall be
protected by one of the types of protection suitable for the application. If the magufacturer
does not provide the remote-indicating liquid level indicator, the certificate n chslments
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include the "X" suffix in accordance with IEC 60079-0 and the Specific Condition of Use shall
specify all necessary information required by the user to ensure conformity with the
requirements of this standard.

4.7.3 Safety devices for Level of Protection “ob”

For Level of Protection “ob” with switching devices, a protective liquid level safety device shall
monitor the level of the protective liquid and provide for automatic disconnection of power
upon reduction of oil below the permitted minimum. The switching element of the safety
device shall be lower than the sensing element of the safety device by at least the dimension
shown in Table 2, or shall be protected by one of the types of protection suitable for the
application If the manufacturer does not provide the safety devices, the certificate number
shall include the "X" suffix in accordance with IEC 60079-0 and the Specific Condition of Use
shall specify all necessary information required by the user to ensure conformity with the
requirements of this standard.

NOTE Safety devices for these applications normally have a fault tolerance of 0 and a safety integrity level SIL 1.
Requirements for such safety devices are currently given in EN 50495. A project has been initiated to consider the
development of an IEC standard based on EN 50495 which would provide requirements for these safety devices.

4.8 Temperature limitations
4.8.1 General

The maximum permissible temperature for equipment or parts of equipment shall be equal to
the lower of the two temperatures determined by 4.8.2 or 4.8.3

4.8.2 Maximum Surface Temperature

The temperature at the free surface of the protective liquid or at any point on the surface of
the electrical equipment to which an explosive gas atmosphere has access shall not exceed
the limit for the assigned temperature class or assigned maximum surface temperature. In no
case shall the limit exceed 200 °C.

4.8.3 Flashpoint of the protective liquid

The stated minimum flash-point (closed cup) for the protective liquid used shall be at least
25 K greater than the temperature at the free surface of the protective liquid and the
temperature of the internal components immersed in the liquid.

4.9 Field wiring connections to liquid immersion equipment

Liquid immersion is not an accepted type of protection for field wiring connections. Bushings
shall be used for connections through the wall of the equipment. Direct entry is not permitted.

The field wiring connections shall be protected with a type of protection suitable for the
application.

4.10 Constructional elements of enclosures
4.10.1 Operating rods, shafts etc.

If the enclosure contains operating rods, shafts etc. it shall comply with the tests of 6.1.1 and
6.1.2 if a sealed enclosure and 6.1.3 if an unsealed enclosure. The tests shall be carried out
with such elements in place. Operating rods or shafts used in a sealed enclosure shall be
subject to a conditioning of 500 operations prior to the tests of 6.1.1 and 6.1.2

4.10.2 Devices for draining of liquid

Devices for draining the liquid shall be secured against inadvertent removal.
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5 Protective Liquid

5.1 Protective liquid specification

The protective liquid shall be a mineral oil conforming to IEC 60296, a silicone liquid
conforming to IEC 60836, a synthetic organic ester liquid (Type T1) conforming to IEC 61099,
or shall be a liquid conforming to the requirements of 5.2.

NOTE The future use of natural ester liquids per IEC 62770 is under consideration.

5.2 Detailed alternative specification

The specification for the alternative protective liquid shall include the following:

a) the protective liquid shall have a fire point of not less than 300 °C determined by the test

method indicated in ISO 2592;

b) the protective liquid flash-point (closed cup) determined in accordance with ISO 2719 shall
be not less than 25 K above the free surface temperature of the protective liquid (See
4.8.3);

c) the protective liquid shall have a kinematic viscosity of not more than 100 cSt at 25 °C
determined in accordance with ISO 3104;

d) the protective liquid shall have an electrical breakdown strength of not less than 30 kV
determined in accordance with IEC 60156;

e) the protective liquid shall have a volume resistivity at 25 °C of not less than
1 x 1012 O x m determined in accordance with IEC 60247;

f) the pour point, determined in accordance with ISO 3016, shall be no higher than the lower
of -30 °C or 10 K less than the minimum ambient temperature of the equipment;

g) the acidity (neutralization value) shall be not more than 0,03 mg KOH/g determined in
accordance with IEC 62021-1;

h) the protective liquid shall have no adverse effect on the properties of materials with which
it is in contact;

i) the oxidation stability shall not exceed 0,15 % sludge according to IEC 61125;
j) the sulphur content shall be confirmed as non-corrosive according to IEC 62535; and

k) the water content shall not exceed 35 ppm according to IEC 60814.

NOTE It is not a requirement of this standard that conformity to the specification of the protective liquid be
verified.

5.3 Group | equipment

For Group | equipment, mineral oils are not acceptable.

5.4 Liquid contamination and gassing that may result from arcing

Where switching devices are incorporated in the electrical equipment and may give rise to
contamination of the protective liquid, suitable maintenance instructions shall be prepared. As
a minimum these will include instructions for the cleaning/filtering/replacement of the
protective liquid following a given number of normal switching operations and following
interruption of fault currents.

5.5 Total volume of the protective liquid

The documentation prepared in accordance with IEC 60079-0 shall specify the total volume of
the protective liquid, including the maximum and minimum volumes to maintain the levels
required as given in 4.6.
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6 Verifications and tests

6.1 Type tests
6.1.1 Overpressure test on sealed enclosures

For Level of Protection “ob” with a switching device switching more than 2 kVA per contact, a
pressure equal to 4 times the pressure relief device setting, and for all other enclosures, a
pressure equal to 1,5 times the pressure relief device setting shall be applied internally. In no
case shall the test pressure be less than 150 kPa. The period of application of the pressure
shall be at least 60 s. The pressure relief device entry shall be sealed for the duration of the
test.

The test shall be considered satisfactory if, at the end of the test, the enclosure has suffered
neither damage nor permanent distortion which adversely affects its ability to comply with 4.6.

NOTE A non-compressible hydraulic media is normally used for these tests. If a compressible media such as air
or inert gas is used, failure of the enclosure can result in personal injury or property damage.

6.1.2 Reduced pressure test on sealed enclosures

The internal pressure of the enclosure without protective liquid shall be reduced by an amount
equivalent to not less than the pressure that would result from a change in the protective
liquid level from the maximum permissible level to the minimum permissible level when
appropriately corrected for any ambient temperature variations specified in the
documentation.

At the end of 24 h, any increase in pressure shall not exceed 5 %.

6.1.3 Overpressure test on unsealed enclosures

A pressure equal to 150 kPa, with the breather sealed, shall be applied internally. The period
of application shall be at least 60 s.

The test shall be considered satisfactory if, at the end of the test, the enclosure has suffered
neither damage nor permanent distortion that adversely affects its ability to comply with 4.5.3
and 4.5.5.

NOTE A non-compressible hydraulic media is normally used for these tests. If a compressible media such as air
or inert gas is used, failure of the enclosure can result in personal injury or property damage.

6.1.4 Maximum temperature

A sample of “0” equipment shall be subjected to a type test to ensure that the temperature
limits specified in 4.8 are not exceeded.

For “0” equipment without an external load, the test shall be carried out in accordance with
the temperature measurements of IEC 60079-0.

For “0” equipment with an external load, the test shall be carried out for Level of Protection
“ob” by adjusting the current to 110 % of the rated current and for Level of Protection “oc” at
100 % of the rated current in normal operation and at the maximum rated duty cycle.

NOTE Equipment with characteristics such as non-linear external loads, input power control or difficult to define
failure modes introduces challenges into the determination of maximum temperatures under malfunction conditions.

6.1.5 Switching Tests

The electrical switching tests given in the relevant IEC industrial standards shall be carried
out with the equipment in its design configuration. The protective liquid shall be minimum
level. At the conclusion of the tests: ocuments
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a) there shall be no release of the protective liquid nor shall the required creepage and
clearance distances be compromised; and

b) the protective liquid shall have an electrical breakdown strength of not less than 30 kV
determined in accordance with IEC 60156.

6.2 Routine tests

6.2.1 Sealed enclosures

Each sealed enclosure shall be subjected to both the following tests in sequence:

a) the overpressure test described in 6.1.1. This routine test may be omitted for other than
welded enclosures, if during type testing, the equipment complies with the acceptance
criteria in 6.1.1 using four times the pressure relief device setting;

NOTE A non-compressible hydraulic media is normally used for these tests. If a compressible media such as
air or inert gas is used, failure of the enclosure can result in personal injury or property damage.

b) the test described in 6.1.2 or an equivalent accelerated test using a lower pressure. In the
latter case, the calculations shall be documented to demonstrate that his test will achieve
the same threshold value of leakage as in the 24 h test.

6.2.2 Unsealed enclosures

Each unsealed enclosure shall be subjected to the test specified in 6.1.3. This routine test
may be omitted for other than welded enclosures, if during type testing; the equipment
complies with the acceptance criteria in 6.1.3 using 600 kPa.

NOTE A non-compressible hydraulic media is normally used for these tests. If a compressible media such as air
or inert gas is used, failure of the enclosure can result in personal injury or property damage.

7 Marking

Ex Equipment or Ex Components of liquid immersion “0” shall be marked in accordance with
IEC 60079-0, with the following additional marking:

a) the protective liquid to be used;

b) the pressure relief device setting (where appropriate);

c) “This enclosure has been permanently sealed and cannot be repaired” (where
appropriate);

d) “This enclosure is factory sealed — Consult manufacturer’s instructions for repair” (where
appropriate);

e) minimum and maximum level of protective fluid;

f) the levels to which the Ex Equipment shall be filled under the filling temperature conditions
specified by the manufacturer. Alternatively, an adjacent label shall be provided which
fully specifies the filling conditions;

g) when a dipstick is employed in accordance with 4.7.1, the marking “WARNING - Replace
dipstick after use”, or technically equivalent text.

h) permitted prospective short-circuit current of the external electrical supply if the equipment
is designed for a short-circuit current less than 32 kA, according to 4.2.2 c), for example
“Permitted supply short-circuit current: 10 kA”;

i) “WARNING — Operate only at NO LOAD” according to 4.2.2.

The Ex Equipment or Ex Components shall be marked as “ob” (for EPL Gb or Mb) or “oc” (for
EPL Gc), as appropriate, replacing the marking “o” (for EPL Gb) shown in IEC 60079-0.
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8 Instructions

All liquid-immersed “0” Ex Equipment shall be accompanied by instructions as required by
IEC 60079-0, including the following additional particulars as a minimum:

a) Details on the frequency of replacement of the protective fluid including details on the
specific protective fluid to be used.
b) Information on the use of disconnectors and tap selectors according to 4.2.2.

c) The maintenance requirements for the drying agent for the breathing device for unsealed
enclosures.

d) Instructions for the cleaning/filtering/replacement of the protective liquid following a given
number of normal switching operations and following interruption of fault currents.
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Annex A
(normative)

Selection and erection requirements

Ex Equipment having type of protection “0” shall be installed in accordance with the following:
e Level of Protection “ob” equipment may be installed in locations requiring equipment
suitable for EPL “Mb” “Gb” or Gc.

e Level of Protection “oc” equipment may be installed in locations requiring equipment
suitable for EPL Gc.

e The field wiring connections shall be protected with a type of protection suitable for the
application.

e Liquid immersion is not an accepted Type of Protection for field wiring connections. Direct
entry is not permitted.

NOTE The selection and erection of the equipment requirements are found in IEC 60079-14 and are the
responsibility of the user. Until IEC 60079-14 contains sufficient information, this Annex A provides information.
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Annex B
(normative)

Maintenance requirements
The inspection requirements of IEC 60079-17 are supplemented by those shown in Table B.1.

Table B.1 — Inspection requirements

Check that: Grade of
inspection
D Cc \"
A EQUIPMENT
1 Equipment is appropriate to the EPL/Zone requirements of the location X X X
2 Equipment group is correct X X X
3 Equipment temperature class is correct X X
4 Equipment circuit identification is correct X X
5 Equipment circuit identification is available X X
6 Enclosure, glass parts and glass-to-metal sealing gaskets and/or compounds are X X X
satisfactory
7 There are no unauthorized modifications X X X
8 There are no visible unauthorized modifications
9 Bolts, cable entry devices (indirect) and blanking elements are of the correct type and X X X
are complete and tight
—  physical check
—  visual check
10 Electrical connections are tight X X
11 Condition of enclosure gaskets is satisfactory
12 Breathing and draining devices are satisfactory. The manufacturer’s schedule for X X
maintenance
requirements for the drying agent are documented to have been followed
13 Sealed enclosure pressure-relief devices are satisfactory X X
14 Enclosures marked Permanently Sealed have no visible evidence that the enclosure X X X
has been opened
15 maximum/minimum criteria of the protective liquid X X X
a) level of the protective liquid shall be at or below the maximum and above the
minimum permitted level;
b) the maximum working angle to the horizontal of the equipment shall be
satisfactory
16 Enclosures intended to be opened X X X
The level of the protective liquid in Type of Protection “o” electrical equipment
designed to be opened shall be re-filled to within the required level range with the
protective liquid required and re-sealed in accordance with the manufacturer’s
instructions
17 When a dipstick is provided, the dipstick is secured in its measurement position and its X X X
seal is satisfactory
18 remote-indicating protective liquid level indicating device operation is satisfactory X X
19 switching device schedule for cleaning/filtering/replacement of the protective liquid X X
following a given number of normal switching operations or interruption of fault currents
is documented

NOTE The inspection and maintenance requirements are found in IEC 60079-17 and are the responsibility of the
user. Until IEC 60079-17 contains sufficient information, Annex B provides information.
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Annex C
(normative)

Repair and Overhaul requirements

Repair, overhaul and reclamation is not applicable to Type of Protection “0” Ex Equipment

with enclosures indicated as being sealed.

Type of Protection “0” enclosures that are intended to be opened shall be subject to repair,
overhaul and reclamation only as permitted by the manufacturer’s instructions.

NOTE The repair and overhaul requirements are found in IEC 60079-19 and are the responsibility of the user.
Until IEC 60079-19 contains sufficient information, Annex C provides information.
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Annex D
(normative)

Supplementary requirements for electrical equipment
with Level of Protection "oc" for voltages greater than 15 kV
and up to and including 245 kV

D.1 General

Annex D supplements and modifies the requirements of this document. Subclauses 4.3, 4.4
and 4.6 do not apply to equipment covered by this Annex.

The voltage of explosion protected electrical equipment was limited for Level of Protection
"oc" up to 15 kV RMS AC or DC. Application of higher voltages exists to supply offshore
plants that are a long distance from the coast. Voltage levels up to 245 kV ACg\g or DC are
needed to allow power transmission up to some hundred kilometres from shore to offshore or
between locations on shore/offshore. This Annex can be applied to liquid immersed
transformers, reactors, power regulators, tap changers and other liquid immersed HV
electrical equipment without dedicated IEC standards such as oil-immersed swivels for HV
connections, oil-immersed earthing resistors and oil-immersed switching resistors.

D.2 Additional requirements

D.2.1 Safety devices

For Level of Protection "oc", the requirements in 4.7.3 for Level of Protection "ob" apply for
equipment or components according to this Annex.

Each individual liquid filled compartment shall have its own safety devices.

A pressure relief device shall be provided that automatically disconnects the power when the
pressure relief device activates. The electrical equipment or system associated with the
pressure relief device to activate the automatic disconnection shall be suitable for EPL Gc. If
the pressure relief device itself is not directed downward a guide system, e.g. a pipe, shall be
provided. The dimensioning of this guide system shall not compromise the functionality of the
pressure relief.

D.2.2 Protective liquid specification

In addition to 5.1, natural ester insulating liquids in accordance with IEC 62770 may be used
in higher voltage equipment along with the insulating liquids already identified in this
document.

NOTE Natural ester liquids per IEC 62770 are proven up to 245 kV considering the ambient temperature
limitation.

D.2.3 Liquid immersion depth

Instead of Table 2, the required minimum liquid immersion depths necessary shall be
specified by the manufacturer and verified by high voltage tests as specified in D.4.7. The
tests shall be done with the minimum liquid level.

D.2.4 Connections

Cables for field wiring connections greater than 15 kV shall be shielded to mitigate external
arcs and sparks caused by an external dielectric field. All HV cables above 15 kV shall be
armoured and shielded. Considerations shall be made to avoid circulating cmelmqents
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external arcs and sparks during energizing operation (Refer to the requirements of
IEC 60079-0 for circulating currents in enclosures).

The termination of the HV cable may be within enclosures using other Types of Protection

such as flameproof “d”, pressurization “p” or special protection “s”.

In the case of an enclosure in accordance with IEC 60079-1 Level of Protection “db” the
interface to the liquid immersion shall withstand the overpressure test of IEC 60079-1.

Termination in pressurized enclosures in accordance with IEC 60079-2 shall be Level of
Protection “pxb” or “pzc”.

Special protection “s” shall be in accordance with IEC 60079-33.
When bushings are used, the requirements of IEC 60137 apply.

D.2.5 On-load tap-changer (OLTC)

The on-load tap-changer shall be of type which does not produce arcs and sparks during
switching.

DC switching is not permitted.

NOTE OLTC according IEC 60214 can make switching operations up to several MVA/phase without sparking in
liquid when vacuum tap changers are applied. In a vacuum tap changer current switching takes place inside a
closed vacuum bottle and the current is limited by transition resistor or reactor during the switching.

D.2.6 Containment solutions

The liquid containment enclosure shall be sealed from the ambient environment in accordance
with 4.5.2.

Unsealed enclosures of 4.5.3 are not permitted.

NOTE 1 Sealing can be achieved by diaphragm/bladder/bag in conservator tank between the liquid and air or by
closed gas cushion (usually nitrogen) or by flexible fully filled tank (flexible corrugations or radiators).

NOTE 2 Because mineral oil, esters and silicone oil are hygroscopic, a sealed design in HV liquid insulated
equipment is considered as the only practical choice to increase maintenance intervals and reduce failure risks.
Expansion vessels with membrane are considered sealed.

D.2.7 Routine tests
D.2.7.1 Dielectric tests

Transformers and reactors test methods and voltages are given in IEC 60076-3. Test voltages
for transformers may be applied to other oil-immersed HV equipment or IEC 60071 may be
applied where there is no industrial standard for the type of equipment.

The following routine dielectric tests apply:

a) The test for phase to earth shall be conducted in accordance with the requirements of
IEC 60076-3 or IEC 60071.

b) The test for phase to phase shall be conducted in accordance with the requirements of
IEC 60076-3.

c) The test of partial discharge measurement for long duration with pre-stress voltage and
measurement level shall be conducted in accordance with IEC 60076-3. The acceptance
criteria shall be applied.

d) The test for lightning impulse given in IEC 60076-3 is applicable for transf
reactors, and for other equipment according to IEC 60071. U?ffflfﬁ‘ients
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Tests a) and b) shall be a routine test for all equipment. Test c) and Test d) shall be an
additional routine test for all equipment above 72,5 kV.

The Tests of ¢) and d) may apply with a voltage level lower than 72,5 kV as agreed between
the manufacturer and the purchaser.

The tests of a), b), ¢c) and d) shall be done with the manufacturer’s specified minimum liquid
level.

There shall be no breakdown during the tests of a), b) and d).

D.2.7.2 Sealed enclosures

For Level of Protection "oc", a pressure equal to 1,5 times the pressure relief device setting
shall be applied internally to the sealed enclosure. If necessary, the expansion tank and other
optional attached equipment may be tested separately. The period of application of the
pressure shall be at least (60 3°)s.

The pressure relief device entry shall be sealed for the duration of the test.

D.2.8 Selection and erection requirements

Annex A applies.

D.2.9 Maintenance

Annex B applies.

D.2.10 Repair and overhaul

Annex C applies.

D.3 Additional considerations

In the application of this equipment it is recommended that the following items are considered

e Short circuit fault levels at the connection point in the hazardous area should be assessed

e Circulating currents are not considered in this Annex D and should be taken into account
during the initial hazard assessment

e High voltage installation rules referred in IEC 61936-1 are recommended to be used in
addition to IEC 60079-14.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ATMOSPHERES EXPLOSIVES -
Partie 6: Protection du matériel par immersion dans le liquide "o"

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). L'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; 'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

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

7) Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I’objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

DEGAGEMENT DE RESPONSABILITE

Cette version consolidée n’est pas une Norme IEC officielle, elle a été préparée par
commodité pour l'utilisateur. Seules les versions courantes de cette norme et de
son(ses) amendement(s) doivent étre considérées comme les documents officiels.

Cette version consolidée de I'IEC 60079-6 porte le numéro d'édition 4.1. Elle comprend
la quatriéeme édition (2015-02) [documents 31/1157/FDIS et 31/1172/RVD] et son
amendement 1 (2020-02) [documents 31/1517/FDIS et 31/1526/RVD]. Le contenu
technique est identique a celui de I'édition de base et a son amendement.

Dans cette version Redline, une ligne verticale dans la marge indique ou le contenu
technique est modifié par I'amendement 1. Les ajouts sont en vert, les suppressions
sont en rouge, barrées. Une version Finale avec toutes les modifications ac tées est
disponible dans cette publication. ocuments
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