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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
POWER TRANSFORMERS –  

 
Part 15: Gas-filled power transformers 

 
 

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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. 

International Standard IEC 60076-15 has been prepared by IEC technical committee 14: 
Power transformers. 

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

FDIS Report on voting 

14/567/FDIS 14/571/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. 

A list of all the parts in the IEC 60076 series, under the general title Power transformers, can 
be found on the IEC website.  
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The committee has decided that the contents of this publication will remain unchanged until 
the maintenance result 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  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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POWER TRANSFORMERS –  
 

Part 15: Gas-filled power transformers 
 
 
 

1 Scope 

This standard applies to gas-filled power transformers (including auto-transformers). The 
standard applies to all construction technologies. 

This standard does not apply to 

– single-phase transformers with rated power less than 1 kVA and three-phase 
transformers less than 5 kVA; 

– dry-type transformers (see IEC 60076-11); 
– instrument transformers (see IEC 60044); 
– starting transformers; 
– testing transformers; 
– traction transformers mounted on rolling stock; 
– welding transformers. 

Where IEC standards do not exist for the transformers mentioned above or for other special 
transformers, this standard may be applicable as a whole or in parts. 

NOTE This standard can be applicable to the gas parts of a transformer in which an insulating gas is used with an 
insulating liquid.  

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 60050, International Electrotechnical Vocabulary 

IEC 60076-1:1993, Power transformers – Part 1: General 

IEC 60076-2:1993, Power transformers – Part 2: Temperature rise 

IEC 60076-3:2000, Power transformers – Part 3: Insulation levels, dielectric tests and external 
clearances in air 

IEC 60076-5, Power transformers – Part 5: Ability to withstand short circuit 

IEC 60076-10, Power transformers – Part 10: Determination of sound levels 

IEC 60085, Electrical insulation – Thermal classification and designation 

IEC 60376, Specification of technical grade sulfur hexafluoride SF6 for use in electrical 
equipment 
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IEC 60480, Guidelines for the checking and treatment of sulfur hexafluoride (SF6) taken from 
electrical equipment and specification for its re-use 

IEC 62271-1, High-voltage switchgear and controlgear – Part 1: Common specifications 

ISO 9001:2000, Quality management systems – Requirements 

3 Definitions 

For the purpose of this document, the following definitions apply. Other terms used have the 
meanings ascribed to them in IEC 60076-1, or IEC 60050. 

3.1  
gas-filled transformer 
a transformer of which the magnetic circuit and windings are placed in an enclosure filled with 
an insulating gas. Generally sulfur hexafluoride (SF6) gas is used, and sometimes this 
transformer is called a gas-insulated transformer. 

3.2  
rated gas pressure 
gas pressure (gauge pressure) at 20 °C designed for use in a gas-filled transformer 

3.3  
guaranteed minimum gas pressure 
the minimum gas pressure (gauge pressure) at 20 °C, which is able to guarantee the 
insulation of a gas-filled transformer  

NOTE A transformer of which the magnetic circuit and windings are placed in an enclosure or a vessel filled with 
an insulating liquid such as perfluorocarbon, natural ester, synthetic ester, silicon oil and vegetable oil should be 
considered a liquid immersed type transformer.  

3.4  
design pressure of tanks 
relative pressure used to determine the design of the tanks 

NOTE It is at least equal to the maximum pressure in the tank at the highest temperature that the gas can reach 
under specified maximum service condition. 

3.5 Definitions, symbols and units relating to gas and vacuum tightness 

3.5.1 
absolute leakage rate  
F 
the amount of gas escaped by time unit at rated filling pressure (or density), expressed in Pa 
m3/s  

3.5.2 
permissible leakage rate  
Fp 
the maximum permissible absolute leakage rate of gas at rated filling pressure (or density) 
specified by the manufacturer, expressed in Pa m3/s 

3.5.3 
relative leakage rate  
Frel 
the absolute leakage rate related to the total amount of gas in the transformer at rated filling 
pressure (or density). It is expressed in percentage per year or per day. 
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4 Service conditions 

The requirements in IEC 60076-1 apply. With regard to cooling reference, requirement of 
IEC 60076-2 apply. 

5 Tappings 

The requirements in IEC 60076-1 apply.  

6 Connections 

The requirements in IEC 60076-1 apply.  

7 Ability to withstand short circuit 

Transformers shall fulfil the requirements in IEC 60076-5. If the purchaser requires a test to 
demonstrate this fulfilment, this shall be stated in the contract. 

8 Rating 

8.1 General 

The manufacturer shall assign ratings to the transformer, which shall be marked on the rating 
plate, see Clause 9. These ratings shall be such that the transformer can deliver its rated 
current under steady loading conditions without exceeding the limits of temperature-rise 
specified in Clause 11, assuming that the applied primary voltage is equal to the rated voltage, 
that the supply is at rated frequency and that the transformer is operating at rated gas 
pressure. 

8.2 Rated power 

The transformer shall have an assigned rated power for each winding which shall be marked 
on the rating plate. The rated power refers to continuous loading. This is a reference value for 
guarantees and tests concerning load losses, temperature-rises and short-circuit impedance. 

If different values of apparent power are assigned under different circumstances, for example, 
with different methods of cooling, the highest of these values is the rated power. 

NOTE A two-winding transformer has only one value of rated power, identical for both windings. When the 
transformer has rated voltage applied to the primary winding, and rated current flows through the terminals of that 
winding, the transformer receives the relevant rated power for both windings. 

The transformer shall be capable of carrying, in continuous service, the rated power (for a 
multi-winding transformer: the specified combination(s) of winding rated powers) under 
conditions listed in Clause 4 and without exceeding the temperature-rise limitations specified 
in Clause 11. 
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8.3 Loading cycle 

If specified in the enquiry or the contract, the transformer may, in addition to its rated power 
for continuous loading, be assigned a temporary load cycle which it shall be capable of 
performing under conditions specified in Clause 11. 

NOTE This option is to be used in particular to give a basis for design and guarantees concerning short-time 
emergency loading of large power transformers. 

In the absence of such specification, guidance on loading of transformers complying with this 
part are subjected to agreement between the purchaser and the manufacturer. 

The bushings, tap-changers and other auxiliary equipment shall be selected so as not to 
restrict the loading capability of the transformer. 

8.4 Preferred values of rated power 

The requirements in IEC 60076-1 apply.  

8.5 Operation at higher than rated voltage and/or at disturbed frequency 

The requirements in IEC 60076-1 apply.  

8.6 Loading beyond nameplate rating 

Unless specified in the enquiry or the contract, temporary loading beyond nameplate rating 
capability is subjected to agreement between the supplier and the purchaser.  

NOTE The concept of IEC 60076-7 can be applicable to the consideration of the loading beyond nameplate rating 
capability of gas-filled transformers, but IEC 60076-7 cannot be applied directly because the cooling characteristics 
of oil and gas are different. 

9 Rating plate 

9.1 General 

Each transformer shall be provided with a rating plate of weatherproof material, fitted in a 
visible position, showing the items indicated below. The entries on the plate shall be indelibly 
marked (that is, by etching, engraving, stamping or by a photo-chemical process). 

9.2 Information to be given in all cases 
a) Kind of transformer (for example gas-filled transformer, gas-filled auto-transformer, etc.). 
b) Number and year of this standard. 
c) Manufacturer’s name. 
d) Manufacturer’s serial number. 
e) Year of manufacture. 
f) Number of phases. 
g) Rated power (in kVA or MVA). (For multi-winding transformers, the rated power of each 

winding should be given.) 
h) Rated frequency (in Hz). 
i) Rated voltages and tapping range (in V or kV). 
j) Rated currents (in A or kA). 
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k) Connection symbol. 
l) Connection diagram. 
m) Short-circuit impedance, measured value in percentage. For multi-winding transformers, 

several impedances for different two-winding combinations are to be given with the 
respective reference power values. For transformers having a tapped winding, see also 
IEC 60076-1. 

n) Type of cooling. (If the transformer has several assigned cooling methods, the respective 
power values may be expressed as percentages of rated power, for example GNAN/GDAF 
30/100 %.) 

o) Insulation system temperature for each winding (for multi-winding transformers, the 
insulation system temperature of each winding should be given). 

p) Temperature-rise limits of windings (only in the case of specifying limits other than the 
limits in Table 2). 

q) Kind of insulating gas. 
r) Rated gas pressure (in MPa-gauge). 
s) Guaranteed minimum gas pressure (in MPa-gauge). 
t) Vacuum withstand capability of the tank. 
u) Total mass. 
v) Mass of gas. 
w) Transportation mass (for transformers exceeding 5 t total mass). 
x) Untanking mass (for transformers exceeding 5 t total mass). 
y) Insulation levels (the rated withstand voltages for all windings shall appear on the rating 

plate. The principles of the standard notation are illustrated in IEC 60076-3.).  
aa) If the transformer has more than one set of ratings, depending upon different connections 

of windings which have been specially allowed for in the design, the additional ratings 
shall all be given on the rating plate, or separate rating plates shall be fitted for each set. 

9.3 Additional information to be given when applicable 
a) For transformers having one or more windings with ‘highest voltage for equipment’ Um 

equal to or above 3,6 kV: 
– short notation of insulation levels (withstand voltages) as described in Clause 3 of   

IEC 60076-3. 
b) For transformers having a tapped winding, particulars about the tappings are as follows: 

– for transformers having a tapping range not exceeding ±5 %: tapping voltages on the 
tapped winding for all tappings. This applies in particular to distribution transformers; 

– for transformers having a tapping range exceeding ±5 %: a table stating tapping 
voltage, tapping current and tapping power for all tappings. In addition the short-circuit 
impedance values for the principal tapping and at least the extreme tappings shall be 
given, preferably in ohms per phase referred to a specific winding. 

c) Temperature rises of top gas and windings (if not normal values). When a transformer is 
specified for installation at high altitude, this shall be indicated, together with information 
on either the reduced temperature-rise figures valid under normal ambient conditions, or 
the reduced loading which will result in normal temperature-rise at the high altitude 
(standard transformer with normal cooling capacity). 

d) Connection diagram (in cases where the connection symbol will not give complete 
information regarding the internal connections). If the connections can be changed inside 
the transformer, this shall be indicated on a separate plate or with duplicate rating plates. 
The connection fitted at the works shall be indicated. 

In addition to the main rating plate with the information listed above, the transformer shall also 
carry plates with identification and characteristics of auxiliary equipment according to 
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international standards for such components (bushings, tap-changer, current transformers, 
special cooling equipment). 

10 Identification according to cooling method 

Transformers shall be identified according to the cooling method employed. For gas-filled 
transformers, this identification is expressed by a four-letter code as described below.  

First letter: internal cooling medium in contact with the winding: 

G insulating gas; 

Second letter: circulation mechanism for internal cooling medium: 

N natural/thermosiphon flow through cooling equipment and in windings; 
F forced circulation through cooling equipment, thermosiphon flow in windings; 
D forced circulation through cooling equipment, directed from the cooling equipment into 

at least the main windings. 

Third letter: external cooling medium: 

A air; 
W water. 

Fourth letter: circulation mechanism for external cooling medium: 

N natural convection; 
F forced circulation (fans, air blowers, water pumps). 

A transformer may be specified with alternative cooling methods. The specification and the 
rating plate shall then carry information about the power figures at which the transformer 
fulfils the temperature-rise limitations when these alternatives apply, see n) of Subclause 9.2. 
The alternatives are conventionally listed in rising order of cooling capacity. 

EXAMPLE 

GNAN/GDAF. The transformer has cooling equipment with blowers and fans but is also 
specified with a reduced power-carrying under natural cooling. 

NOTE The percentage of natural cooling capacity to forced cooling capacity of gas-filled transformers is smaller 
than that of oil-immersed transformers. It is not difficult generally in oil-immersed transformers to achieve ONAN 
capacity as 50 % of the OFAF or ODAF capacity. But in gas-filled transformers, it is sometimes difficult and not 
economical to achieve GNAN capacity as 50 % of the GDAF capacity. It is recommended for the purchaser to 
consult with the manufacturer about natural cooling capacity to forced cooling capacity.  

11 Temperature-rise limits 

11.1 Classification and insulation system temperature 

Transformers are classified by the insulation systems shown in Table 1. The maximum 
temperature occurring in any part of the winding shall not exceed the insulation system 
temperature in Table 1 continuously. 

An approximate value for practical purposes of hot-spot temperature can be calculated by 
using the concept of Annex B. 
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Components used as insulating material may be used separately or in combination providing 
that their temperature does not exceed continuously the values given for the appropriate 
insulation system temperature. 

Table 1 – Classification and insulation system temperature 

Insulation system 

(see note) 

Insulation system  temperature 

°C 

Class 105 105 

Class 120 120 

Class 130 130 

Class 155 155 

Class 180 180 

Class 200 200 

Class 220 220 

NOTE Temperature classifications are given in IEC 60085. 

 
11.2 Normal temperature-rise limits 

The temperature rise of each winding of the transformer, designed for operation at normal 
service conditions, shall not exceed the corresponding limit specified in Table 2 when tested 
in accordance with Clause 28. 

The temperature of the core, metallic parts and adjacent materials shall not reach a value that 
will cause damage to any part of the transformer. 

In most of the gases, the temperature-rise limit of gas is higher than the temperature-rise limit 
of winding, so that the temperature-rise limit of gas is not necessary to be specified. If 
necessary, it is subjected to agreement between the supplier and the purchaser. 

Table 2 – Winding temperature-rise limits 

Insulation system 

(see note 1) 

Average winding  
temperature-rise limits  

K 
(see note 2) 

Class 105 60 

Class 120 75 

Class 130 80 

Class 155 100 

Class 180 125 

Class 200 135 

Class 220 150 

NOTE 1 Temperature classifications are given in IEC 60085. 

NOTE 2 Temperature-rise measured in accordance with Clause 28. 

 
11.3 Reduced temperature-rises for transformers designed for high cooling air 

temperatures or special air cooling conditions 

The requirements in IEC 60076-2 apply.  
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