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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
POWER TRANSFORMERS – 

 
Part 22-7: Power transformer and reactor fittings –  

Accessories and fittings 
 

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. 

International Standard IEC 60076-22-7 has been prepared by IEC technical committee 14: 
Power transformers. 

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

FDIS Report on voting 

14/1044/FDIS 14/1048/RVD 

 
Full information on the voting for the approval of this International Standard can be found in the 
report on voting indicated in the above table. 

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

A list of all parts in the IEC 60076 series, published 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 document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

  

Full document details: IEC 60076-22-7-2020

http://www.avadocuments.com/doc/iec-60076-22-7-2020
http://www.avadocuments.com/doc/iec-60076-22-7-2020


 – 8 – IEC 60076-22-7:2020  IEC:2020 

POWER TRANSFORMERS – 
 

Part 22-7: Power transformer and reactor fittings –  
Accessories and fittings 

 
 
 

1 Scope 

This part of IEC 60076-22 applies to a selection of accessories and fittings mounted on liquid 
immersed power transformers according to IEC 60076-1 and reactors according to IEC 600766 
with or without conservator for indoor or outdoor installation. It outlines the service conditions 
and the mechanical requirements that are common to all the accessories and fittings.  

This document also outlines the operation requirements specific to each device as well as the 
preferred dimensions relevant for interchangeability and the type and routine test to be 
performed. 

This document covers an exhaustive selection of the accessories and fittings that are currently 
used on transformers or reactors. 

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 60068-3-3:2019, Environmental testing – Part 3-3: Supporting documentation and 
guidance – Seismic test methods for equipment 

IEC 60068-3-3:1991, Environmental testing – Part 3-3: Guidance – Seismic test methods for 
equipments  

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

IEC 60076-7, Power transformers – Part 7: Loading guide for mineral-oil-immersed power 
transformers  

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 60721-3-4, Classification of environmental conditions – Part 3-4: Classification of groups 
of environmental parameters and their severities – Stationary use at non-weatherprotected 
locations  

IEC 60255-27, Measuring relays and protection equipment – Part 27: Product safety 
requirements 

ISO 3601-1, Fluid power systems – O-rings – Part 1: Inside diameters, cross-sections, 
tolerances and designation codes 
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ISO 7005-1, Pipe flanges – Part 1: Steel flanges for industrial and general service piping 
systems 

ISO 12944-6, Paints and varnishes – Corrosion protection of steel structures by protective paint 
systems – Part 6: Laboratory performance test methods 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
thermometer pocket  
facility mounted on the transformer or reactor cover or pipework or any liquid filled compartment, 
intended to house a thermal sensor to measure the insulating liquid temperature 

3.2  
earthing terminal 
terminal provided on the transformer or reactor tank or cooler support structure or any other 
part that needs to be grounded and intended for the electric connection with the earthing 
network 

3.3  
draining plug 
facility intended to drain the insulating liquid from liquid filled compartments 

3.4  
air vent  
facility for venting the air or gas trapped within the transformer tank and pipework 

3.5  
wheel assembly  
device suitable for movement of the transformer in different directions using rails 

3.6  
dehydrating breather  
device linking the air space at the top of the tank of a liquid immersed transformer with the 
outside air to absorb the humidity of the breathed air 

3.7  
butterfly valve  
device designed to isolate any component or accessory mounted on the transformer liquid 
system  

3.8  
junction terminal box  
device designed to make low-voltage, low-current, insulated and liquid-tight electrical 
connections between the inside and outside of a liquid filled compartment 

3.9  
sampling valve 
device used to take samples of the insulating liquid 
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4 Service conditions 

4.1 General 

The service conditions set out in IEC 60076-1:2011, 4.2 represent the normal scope of 
operation of the accessories and fittings specified in this document.  

For any unusual service conditions that require special consideration in the design of the 
devices and equipment, see IEC 60076-1:2011, 5.5. Device specification for operation under 
such unusual service conditions shall be subject to agreement between the purchaser and 
manufacturer. 

4.2 Corrosion protection 

The materials used for the construction of the accessories and fittings or the surface treatment 
shall be resistant to the insulating liquid and suitable to withstand the environmental conditions. 
Unless otherwise specified, minimum withstand level of the parts exposed to the environment 
shall be C4 medium durability according to ISO 12944-6. 

Parts intended to be welded and earthing pads shall not be painted. 

Unless otherwise specified, screws exposed to the environment shall be stainless steel, 
consistent with the minimum corrosion class C4 medium durability. 

4.3 Resistance to ambient conditions 

The materials used for the construction of the accessories and fittings shall be UV resistant; 
windows and sight glasses shall not become opaque over the life of the accessory. 

4.4 Insulating liquid characteristics 

This Subclause 4.4 concerns only the accessories and fittings that are in contact with the 
insulating liquid. 

If not otherwise specified, the insulating liquid is a mineral liquid according to IEC 60296 and 
the operating temperature shall be in accordance with IEC 60076-7.  

If the insulating liquid is not a mineral liquid then the purchaser shall indicate the operating 
temperature. 

5 General requirements for routine and type test 

Unless otherwise specified, tests shall be made at an ambient temperature between 10 °C and 
40 °C.  

All measuring instruments used for the tests shall have traceable accuracy and be subject to 
periodic calibration. 

6 Accessories and fittings 

6.1 Thermometer pockets 

6.1.1 General 

The thermometer pocket shall provide at all times a separation between the insulating liquid 
and the sensor; the thermometer pocket shall be designed to withstand the vacuum and 
pressure tests defined by IEC 60076-1:2011, 11.8, 11.9, 11.10 and 11.11, for transformer tanks. 

Full document details: IEC 60076-22-7-2020

http://www.avadocuments.com/doc/iec-60076-22-7-2020
http://www.avadocuments.com/doc/iec-60076-22-7-2020


IEC 60076-22-7:2020  IEC:2020 – 11 –  

When the thermometer pocket is not in use, the opening shall be plugged to avoid contamination 
by moisture, dust and any other undesired particles. 

The thermometer pocket shall be designed to avoid damage to the thermometer pocket or to 
the temperature sensing equipment due to the thermal expansion of the heat transfer medium. 

There shall be good thermal transfer of the thermometer pocket material and the filling medium. 

6.1.2 Identification and nameplate 

No requirement. 

6.1.3 Test 

The thermometer pocket is not tested individually, but as a component of the transformer or 
reactor during type or routine testing.   

6.1.4 Dimensions of thermometer pockets  

Figure 1 and Table 1 give the preferred solutions for thermometer pockets. 

The protective plug or cap is not specified by this document. 

Dimensions in millimetres 

 

Figure 1 – Thermometer pocket with female (left) and male (right) thread 
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Table 1 – Preferred dimensions for thermometer pockets  

Dimensions in millimetres 

Thermometer 
pockets with Type A min B min B max C min D max Thread ØT 

Female thread 

A1 20 20  165 30 G1 

F 17 16  155 30 M22 × 1,5 

U 13 12,4 12,5 166 30 M22 × 1,5 

Male thread A2 20 20  120 30 G ¾ 

 

6.2 Earthing terminal 

6.2.1 General 

Earthing terminals shall be stainless steel grade 304L minimum and positioned clear of ground 
level. The pad shall be selected to withstand the maximum prospective earth fault currents. 
Prior to connection to earth, any non-conductive coating shall be removed at threads, contact 
points, and contact surfaces. 

The terminal shall be identified by the letter "E" either on the terminal itself or on its vicinity.  

For the calculation of the maximum current of the earthing pads shown in Table 2, the cross 
section of the earthing element is used; the welding on the tank is considered to have a minimum 
cross section equivalent to the cross section of the pad. For earth terminal B7, a 5 mm welding 
seam along the complete circumference is considered. For a stud type earthing element, the 
core thread is used. 

The terminal shall ensure electrical continuity with the transformer tank. 

The welding materials and methods for connecting the pads to the tank shall be capable of 
withstanding the maximum temperatures indicated in Table A.1 for each type of pad without 
detriment.  

The maximum current values detailed in Table 2 are related only to the earthing pad and its 
connection to the tank; earthing connections to the pad should be suitably rated to match these 
values.   

Table 2 shows the short-circuit current carrying capacity of the earth terminals. Table 2 is based 
on an initial temperature of 40 °C and a final temperature of 300 °C and a short circuit duration 
of 0,5 s, considering that the transformer protections will trip the current earlier than this value. 

The values in Table 2 have been established considering the material properties as found in 
literature and an adiabatic temperature rise. 

For additional information, see Annex A. 

6.2.2 Dimensions of different earth terminals 

Figure 2 to Figure 8 show the preferred solutions. 
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Dimensions in millimetres 

 

Figure 2 – Earth terminal type B1 

Dimensions in millimetres 

 

Figure 3 – Earth terminal type B2 

Dimensions in millimetres 

 

Figure 4 – Earth terminal type B3 
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Dimensions in millimetres 

 

Figure 5 – Earth terminal type B4 

Dimensions in millimetres 

 

Figure 6 – Earth terminal type B5 

Dimensions in millimetres 

 

Figure 7 – Earth terminal type B6 
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Dimensions in millimetres 

 

Figure 8 – Earth terminal type B7 

Table 2 – Maximum current for earth terminals 

Earth terminal type 
Cross section S 

mm2 

Short-circuit current 
capability 

kA 

B1 Ø30 M12 594 31,5 

B2 5 mm × 30 mm 150 8,0 

B3 M12 76 4,0 

B4 60 mm × 10 mm 600 31,5 

B5 120 mm × 10 mm 1 200 63,0 

B6 110 mm × 10 mm 1 100 58,0 

B7 51 mm × 89 mm 1 400 74,0 

 

6.3 Draining plug 

6.3.1 General 

Draining plugs are used on all insulating liquid compartments, for the complete draining of the 
liquid contained inside. 

They shall be positioned in the lowest part of the compartment. 

They shall not leak in operation. 

6.3.2 Materials 

The welded parts shall be made of carbon steel, screws and screwed parts shall be brass or 
stainless steel, and protective caps shall be metallic. 

6.3.3 Dimensions of different devices  

Figure 9 to Figure 11 show the preferred solutions, to be chosen according to the liquid volume 
to be drained. Table 3 shows the dimensions of the draining plugs shown in Figure 10. 
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Dimensions in millimetres 

 

Figure 9 – Draining plug type C1 (bolted type)  

Dimensions in millimetres 

 

Figure 10 – Draining plug type C2 
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Table 3 – Dimensions of draining plug type C2 

Dimensions in millimetres 

Size d1 
mm 

a 
mm 

b  
mm 

c  
mm 

d2 d3  
mm 

d4  
mm 

d5  
mm 
min 

C2-A 22 67 6 46 M24 × 1,5 30 46 18,5 

C2-B 31 93 10 65 M33 × 1,5 40 65 26 

C2-C 40 115 10 80 M42 × 1,5 52 80 33,8 

 

Figure 11 – Draining device type C3 

6.4 Air vent and liquid draining device 

6.4.1 General 

Air vents are used on insulating liquid compartments, for the venting of the air or gas contained 
inside. When used as an air vent they shall be positioned in the highest part of the compartment. 

Draining devices are used on insulating liquid compartments for draining small amounts of liquid. 
When used as a draining plug, they shall be positioned at the lowest part of the compartment. 

Air vents and liquid draining devices shall not leak in operation. 

6.4.2 Materials 

The welded parts shall be made of carbon steel, screws and screwed parts shall be brass or 
stainless steel, and protective caps shall be metallic. 
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6.4.3 Dimensions of different devices  

Figure 12 shows the preferred solution, to be chosen according to the gas volume to be vented 
or the oil volume to be drained. 

Dimensions in millimetres 

  

Type D1 (M6) Type D2 (M12) 

Figure 12 – Air venting and liquid draining type D1 (M6) and D2 (M12)  

6.5 Wheel assembly – General requirements 

Each wheel assembly shall be suitable for movement in at least two perpendicular directions 
and be able to be secured in the selected position. 

Each wheel assembly shall be designed to accept a device for blocking the wheels with chocks. 

Each wheel assembly shall be capable of bearing 120 % of the maximum load to which it will 
be subject when the transformer is completely liquid filled and stationary.  

For the expected life of the transformer the wheel assembly shall show no sign of deformations 
that will prevent normal rotation of the wheel and shall roll freely even after a long period of 
being stationary. 

For the expected life of the transformer the wheel assembly shall not deform the rail on which 
it is mounted both when stationary and rolling on the rail. 

For additional information, see Annex B. 

6.6 Dehydrating breathers 

6.6.1 General 

This device has the function to absorb the humidity of the air, breathed inside any liquid filled 
compartment of liquid immersed transformers and reactors, due to thermal contraction of the 
liquid. 
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This document considers only breathers using a dehydrating agent to absorb the humidity from 
the air. During operation, the dehydrating agent absorbs humidity until saturation. 

Breathers may be of the conventional manual replacement or self-regenerating type. 

6.6.2 Common requirements 

6.6.2.1 General 

These requirements apply to both breather types, conventional manual replacement and self-
regenerating. 

6.6.2.2 Dehydrating agent 

The dehydrating agent shall be free from dust particles, as these can affect breather 
performance. 

6.6.2.3 Mounting arrangement 

The breather is normally mounted in vertical position, easy to be reached from ground level for 
maintenance operation and for the replacement of the dehydrating agent, if needed. 

6.6.3 Additional requirements for conventional manual replacement types 

6.6.3.1 Dehydrating agent 

The dehydrating agent shall provide a visual indication of the saturation condition of the agent 
and shall have a granulometry between 2 mm and 7 mm. 

NOTE Silica gel is the most commonly used dehydrating agent. 

6.6.3.2 Selection criteria 

The choice of a breather size depends on the insulating liquid volume of the transformer  
compartments, the expansion coefficient of the liquid, the climate conditions (relative humidity 
and temperature variation) of the site where the transformer will be installed, the operating 
conditions (frequency and speed of load variation) and the expected maintenance interval. 

The choice of the breather sealing guard is subject to agreement between purchaser and 
supplier. The sealing guard shall be selected considering the maximum air flow expected in 
service.  

See Annex C for detailed selection criteria.  

6.6.3.3 Breather components 

The design and assembly of the breather and of its' components shall allow for an easy 
replacement of the dehydrating agent. The breather normally consists of the following 
components: 

• Dehydrating agent container 
The centre part of the breather, hereafter referred to as "container", shall permit a visual 
check of the presence of the dehydrating agent inside and its state of saturation. It may be 
supplied with an external metallic frame to provide mechanical protection against impacts 
and additionally a shield against direct sun radiation, which may affect the efficiency of the 
dehydrating agent. 
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• Upper flanged connection 
The top of the container shall be provided with a cover with a flanged connection, which 
enables the breather to be fitted to the air-inlet tube of the liquid filled compartment; the 
flanged connection shall be according to Figure 13 and Table 4. 

• Bottom cup with guard 
The breather shall be designed so that the dehydrating agent is not exposed to the 
atmosphere when there is no air flow. Therefore, the lower end of the container shall be 
provided with a bottom cup fitted with either a hydraulic or a mechanical device which allows 
the air to pass in both directions (inlet and outlet) when there is a pressure differential 
between the inside and outside of the compartment. In case of air suction, the air shall enter 
the breather passing only through the guard: 
– Hydraulic guard 

The bottom cup shall be filled with the same liquid as the transformer, the filling level 
shall be marked and the liquid level clearly visible. 
The hydraulic guard shall be designed to avoid the liquid inside the bottom cup being 
siphoned inside the container or expelled from the guard with the minimum design air 
flow according to Table 4.  

– Mechanical guard 
It consists of a bidirectional valve; the air is free to pass in both directions (inlet and 
outlet) through that valve, which enables air flow when the compartment is breathing. 
The valve shall protect the dehydrating agent when there is no air flow.  

6.6.3.4 Nameplate 

The nameplate shall contain the following information: 

• name or logo of the supplier; 

• country and manufacturing location; 

• number of this document; 

• device manufacturer's identification and/or manufacturer's serial number to allow a complete 
identification of the device. 

6.6.3.5 Connecting flanges 

 

Figure 13 – Breather connecting flanges 
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6.6.3.6 Overall dimensions 

See Table 4 for dimensions of Figure 14.  

 

Figure 14 – Overall dimensions 

Table 4 – Typical size classes of breathers 

Dimensions in millimetres 

Size 
classa 

Agent 
quantityb 

kg 

Overall 
dimensions 

mm 

Flange dimensions 

mm 

Minimum design  
air flow 

dm3/s 

Inlet/outlet 
Flange 3H with 3 

holes 
Flange 4H with 4 

holes 

  Dmax Hmax d1max d2 d3 d4 d1max d2 d3 d4  

A 1 to 2 250 500 

35 150 120 14 

35 115 85 12 0,07 

B 2 to 5 250 800 46 130 100 14 0,07 

C 5 to 15 250 1 400 
60 140 110 14 

0,15 

D > 15 350 1 700 0,15 

a Each class includes all the breathers with agent quantity within the range stated in the corresponding column. 
b Quantity of dehydrating agent inside the breather. 

 

6.6.3.7 Tests 

6.6.3.7.1 List of tests 

6.6.3.7.1.1 Routine tests 

No routine test required. 
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6.6.3.7.1.2 Type tests 
• Flow rate test for hydraulic guard (6.6.3.7.2.1); 

• Pressure test for mechanical guard (6.6.3.7.2.2). 

6.6.3.7.2 Type test 

6.6.3.7.2.1 Flow rate test for hydraulic guard 

Raise the air flow from zero to the minimum design air flow value given in Table 4 within 3 min, 
maintain the test value for 5 min, reduce the air flow from test value to zero within 3 min. Both 
inhaling and exhaling. No liquid shall be siphoned inside the container or expelled from the 
guard. The test shall be performed at ambient temperature with an oil according to IEC 60296 
and a lowest cold start energizing temperature (LCSET) of −30 °C. 

6.6.3.7.2.2 Pressure test for mechanical guard 

The mechanical guard assembly shall be pressure tested in both directions using suitable 
visible means to detect the opening of the mechanical guard. Slowly raise the air pressure from 
zero until the mechanical guard operation is detected. 

6.6.4 Additional aspects for self-regenerating types 

6.6.4.1 Functional requirement 

For the specified lifetime of the dehydrating agent, the self-regenerating breather shall provide 
the compartment with dried air. At all times during the operation, the self-regenerating breather 
shall allow the compartment to inhale and exhale air as required. 

At least one switch to signal system failure shall be provided. 

6.6.4.2 Regeneration process 

Currently the regeneration process is triggered by two different principles: condition or time 
based. 

• Time based regeneration process 

The device automatically triggers the regeneration process of the dehydrating agent at a 
settable time interval or by intelligent control of the device which sets the time interval based 
on the applied technology. Both time intervals are set based on the size of the breather, the 
ambient and operating conditions of the compartment as well as the efficiency of the 
regeneration process.  

• Condition based regeneration process 
The device automatically triggers the regeneration process once the dehydrating agent 
reaches a certain level of saturation or the relative humidity of the dried air goes over a 
certain threshold. The interval between each regeneration process is dictated by the 
operating conditions. 

6.6.4.3 Selection criteria 

The choice of a breather depends on the liquid volume of the compartment, the expansion 
coefficient of the liquid, the climate conditions (relative humidity and temperature variation) of 
the site where the transformer will be installed and the operating conditions (frequency and 
speed of load variation).  

The choice of a breather shall also depend on the required emergency running properties, which 
means de-energized dehumidification capability. The de-energized resilience period shall be 
selected based on the operator's requirements. 
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6.6.4.4 Breather components 

The breather normally consists of the following components: 

• dehydrating agent container; 

• upper flanged connection; 
To ensure interchangeability, the design of the upper flange connection should reflect the 
flange dimensions detailed in Table 4; 

• control system to manage the operation; 

• power supply, alarms and communication terminal box. 

6.6.4.5 Nameplate 

The nameplate shall contain the following information: 

• name or logo of the supplier; 

• country and manufacturing location; 

• number of this document; 

• device manufacturer's identification; 

• manufacturer's serial number; 

• year of manufacture; 

• power supply voltage range and energy consumption; 

• seismic withstand class if applicable. 

6.6.4.6 Vibration withstand 

The breather shall withstand without loss of its functionality: 

• a non-stationary vibration causing a vertical shock of 100 m/s2, with type 1 spectrum 
according to IEC 60721-3-4; 

• a stationary sinusoidal vibration class 4M4 according to IEC 60721-3-4. By agreement 
between purchaser and supplier, class 4M6 may also be specified. 

6.6.4.7 Seismic requirements 

When the accessory or fitting is specified with a seismic requirement without specified 
acceleration values, the performance level shall be chosen in accordance with IEC 60068-3-3 
as follows:  

• classification: criterion 0 (see IEC 60068-3-3:2019, 4.4); 

• performance level II (see IEC 60068-3-3:1991, 7.1; a starting frequency of 2 Hz is 
acceptable). 

6.6.4.8 Degree of protection 

Unless otherwise specified, the degree of protection of the terminal and control box for outdoor 
installation shall be at least IP 54 according to IEC 60529. 

6.6.4.9 Terminal box 

A terminal box shall be provided to connect the power supply, the switches and communication 
terminals of the device; it shall also include one protective conductor or earth terminal. The 
number and marking of the terminal block shall comply with its connection diagram. 

Terminal blocks for power supply and switches shall be designed to accept cables having a 
cross sectional area of between 1,5 mm2 to 4 mm2. 
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A minimum of two threaded holes for cable glands M20 × 1,5 or M25 × 1,5 shall be provided. 
Other thread dimensions or number of cable entries are subject to agreement between supplier 
and purchaser. Cable glands are supplied on demand. 

6.6.4.10 Characteristics of switches  

6.6.4.10.1 Switch type 

Switches shall be potential free. Unless otherwise specified, changeover switches shall be 
provided. 

6.6.4.10.2 Alarm switch performance 

Switches shall have a minimum rated current of 2 A RMS and short time current 10 A RMS for 
30 ms and comply with the values of making and breaking capacity shown in Table 5.  

Table 5 – Making and breaking capacity – Self regenerating breather 

Voltage 
Changeover switches 

Making capacity Breaking capacity 

24 V DC to 220 V DC 130 W L/R < 40 ms 25 W L/R < 40 ms 

230 V AC 250 VA cos ϕ > 0,5 60 VA cos ϕ > 0,5 

 

Other values may be agreed between purchaser and supplier. 

The minimum switch life shall be 1 000 operations. 

6.6.4.10.3 Other switches performance 

The performance of other switches has to be agreed between purchaser and supplier. 

6.6.4.10.4 Dielectric strength (in accordance with IEC 60255-27) 

The minimum dielectric withstand strength is given in Table 6 and Table 7. 

Table 6 – Dielectric strength of switches – Power frequency 

 Short duration power frequency withstand voltage 1 min kV (RMS) 

Between circuits and earth 2 

Between contacts in open position 1 

 

Table 7 – Dielectric strength of switches – Impulse 

 Lightning impulse withstand voltage 
kV (peak) 

Between circuits and earth 4 

Between contacts in open position 3 
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6.6.5 Tests 

6.6.5.1 List of tests 

6.6.5.1.1 Routine tests 
• Insulation test; 

• Functional test. 

6.6.5.1.2 Type tests 
• Performance test; 

• Endurance test.  

6.6.5.2  Routine tests 

6.6.5.2.1 Insulation test 

The manufacturer shall perform a short duration (60 s) power frequency withstand voltage test 
between all circuits together and earth. 

Test voltage is given in Table 6. 

6.6.5.2.2 Functional test 

The manufacturer shall provide evidence that the device is fully operational. 

6.6.5.3 Type test 

6.6.5.3.1 Performance test 

The purpose of the test is to verify the performance of the device. 

The test shall be performed with equipment capable of forcing a specific air flow at a given 
relative humidity into the device and measuring the relative humidity at outlet of the device.  

With inlet air relative humidity of 50 % at 20 °C and air flow of 0,2 dm3/s at 20 °C, the maximum 
relative humidity at the outlet before the regeneration starts shall be less than 20 %.  

6.6.5.3.2 Endurance test 

The purpose of the test is to verify the ability of the complete device to withstand a minimum 
100 regeneration cycles. 

The test shall be performed with equipment capable of forcing a specific air flow at a given 
relative humidity into the device. 

The relative humidity at the inlet and the air flow value are specified by the manufacturer. For 
devices utilising a condition based regeneration process, the process shall be triggered by the 
device. For devices utilising a time based regeneration process, the time period shall be set in 
such a way that the dehydrating agent is saturated before the regeneration starts.    

After completing the specified number of cycles, the performance test shall be repeated 
successfully.  

Tests performed on one type can be considered valid for other types of the same design. 

Full document details: IEC 60076-22-7-2020

http://www.avadocuments.com/doc/iec-60076-22-7-2020
http://www.avadocuments.com/doc/iec-60076-22-7-2020


 – 26 – IEC 60076-22-7:2020  IEC:2020 

6.7 Butterfly valves 

6.7.1 General 

Subclause 6.7 defines the general overall dimensions and some functional and manufacturing 
characteristics of the butterfly valves used on the pipelines in which the insulating liquid of 
power transformers or reactors flows, in order to allow the isolation of the components without 
removing the insulating liquid from the conservator and the tank in full or in large amount. 

The flange of butterfly valves shall be provided with grooves for O-ring gaskets on both sides. 
This design is suitable for use with connecting flanges that have a machined surface; also the 
paint finish shall be without protrusions that may interfere with the connection arrangement.  

Upon special agreement between supplier and purchaser, valves with flat face flanges can be 
provided.   

6.7.2 Requirements and characteristics 

6.7.2.1 Description 

The main components of a butterfly valve are: 

• the "flanged body", which allows for mounting on the pipe according to one of the assembly 
layouts listed in 6.7.4.2. The free passage in the body gives the nominal dimension of the 
valve, which should be preferably within the range shown in Table D.1, Table D.2, Table D.3, 
Table D.4 and Table D.5 of Annex D. With the exceptions of the valves with nominal 
diameter 80 mm, which can have 4 or 8 holes, the flanged body has PN10 fixing dimensions 
in accordance with ISO 7005-1; 

• the "butterfly" which opens or shuts the opening of the body; 

• the "drive assembly", which allows the opening or shutting of the butterfly and its locking in 
the open or closed position. 

6.7.2.2 Operating characteristics 

The butterfly valves are intended to be mounted on the pipelines in any position and with any 
orientation. They shall be capable of mechanically withstanding an overpressure of 200 kPa 
either on the flanged body or on the butterfly in closed position, in both directions, without 
impairing the operation of the butterfly.  

The sealing of the butterfly should not be subject to ageing; therefore, a metal-to-metal design 
is preferable because the leakage rate does not change over the lifetime of the valve. 

The operation of opening or shutting the butterfly shall be done using spanners only. 

All the characteristics are related to valves having the butterfly in fully open or fully closed 
position. 

6.7.3 Valve components 

6.7.3.1 Materials 

All components shall be of a material resilient to mechanical shock. 

6.7.3.2 Flanged body 

The flanged body shall be metallic, free from porosity or defoliation that may cause leakage. It 
is preferable to use forged steel bodies or bodies cut from sheet steel or steel bars; cast bodies 
shall be individually tested for tightness.   

Full document details: IEC 60076-22-7-2020

http://www.avadocuments.com/doc/iec-60076-22-7-2020
http://www.avadocuments.com/doc/iec-60076-22-7-2020


IEC 60076-22-7:2020  IEC:2020 – 27 –  

The faces of the flanged body in contact with the flanges of the pipeline or of the component to 
be connected, have a seat for an O-ring gasket. Recommended dimensions of gaskets and 
gasket seats are shown in Annex E. 

6.7.3.3 Butterfly 

The butterfly shall be metallic, free from porosity and defoliation to avoid metallic particle 
contamination.  

6.7.3.4 Drive assembly 

The drive assembly includes all parts that drive or support the butterfly, assure the tightness, 
including the cap if present, and indicate the position of the valve. 

The drive assembly shall: 

• be completely contained within the thickness of the flanged body up to the limit of the flange 
diameter; 

• assure the mechanical resistance necessary to withstand the test pressure on the closed 
butterfly; for DN ≥ 125 mm the butterfly shall also be guided on the lower part; 

• indicate the butterfly position with standard symbols or in writing; 

• open the butterfly anticlockwise, shut the butterfly clockwise; 

• have full oil tightness towards the outside of the pipeline; the gaskets of the drive assembly, 
if any, shall be easily replaced in case of gasket failure or wear; 

• be capable of withstanding the surface preparation process of the transformer tank, 
including sandblasting and painting; this is particularly important for the weld on radiator 
type valves. The use of a temporary protection device is allowed during this process; 

• be capable of being secured in the open or closed position with the use of a padlock or a 
seal. 

6.7.3.5 Screws 

All the screws exposed to the atmosphere shall be of stainless steel or brass. 

6.7.4 Assembly arrangements and dimensions 

6.7.4.1 Mandatory arrangement and dimensions 

Annex D shows the assembly layouts and the mounting dimensions. Annex E shows the 
features for the gasket seats and gaskets. 

6.7.4.2 Types of assembly 

The butterfly valve types differ in the way they are assembled on the pipeline according to the 
following layouts: 

• Assembly by welding: 
assembly layout according to Figure D.1; the valves are with unthreaded holes; on request, 
valves with M16 threaded holes can be supplied. 

• Assembly between two flanges or tank wall and flange – recessed body: 
assembly layout according to Figure D.3 and Figure D.4; the valves are with unthreaded 
holes. 

• Assembly between two flanges – full thickness body: 
assembly layout according to Figure D.7; the valves are with threaded holes. 
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6.7.4.3 Range of nominal diameters (DN) 

Butterfly valve dimensions are arranged by nominal diameter (DN). Standardized nominal 
diameters are 25 mm, 50 mm, 80 mm, 100 mm, 125 mm, 150 mm, 175 mm, 200 mm, 250 mm 
and 300 mm.  

Figure D.2, Figure D.5, Figure D.6, Figure D.8 and Figure D.9 show the preferred mounting 
dimensions. 

6.7.4.4 Dimensions and types of gaskets, dimensions of gasket seats 

6.7.4.4.1 General 

Gaskets have to be considered to be parts subjected to ageing; therefore their replacement 
shall be made as easy as possible. The gasket material is furthermore the main element 
responsible for ensuring compliance with the admitted operating conditions. 

6.7.4.4.2 Gaskets and gasket material 

Unless otherwise specified, butterfly valves with flange gasket grooves shall be supplied with 
one set of nitrile rubber (NBR) standard O-Ring mounting gaskets; flat faced butterfly valves 
are supplied without mounting gaskets. 

Unless otherwise specified, internal gaskets are of nitrile rubber (NBR).  

Other gasket materials for operating conditions outside the admitted range for nitrile rubber 
may be supplied upon agreement between supplier and purchaser.  

To avoid confusion, gaskets shall be colour coded according to the material. 

6.7.4.4.3 Design criteria for gasket seats – Choice of flange gaskets 

The following criteria shall be applied when choosing the O-Ring gaskets and designing the 
gasket seats: 

• the O-Ring gaskets shall be according to ISO 3601-1; 

• the seat shall be designed for hydraulic axial sealing application with internal pressure; 

• the seats shall allow the use of standard slip-on flanges according to ISO 7005-1 PN series 
on the pipeline; this may not be possible for valves Type B1 and B2; 

• owing to low operating pressure and lower flatness of the flanges usually used in transformer 
manufacturing, the following criteria have proven their validity in the field: 
– radial compression of gasket to be (33 ± 2) % of the tore diameter; 
– gasket seat cross section and gasket seat volume to be between 12 % and 17 % higher 

than the gasket cross section and volume. 

Annex E details the standard gasket seat dimensions and O-Ring references; other gasket 
references and gasket seat dimensions can be agreed between manufacturer and purchaser.  

6.7.5 Performances 

6.7.5.1 Tightness of the mounted valve 

The valves mounted on the pipeline, in normal operating condition, under pressure, either in 
open or in closed position, shall not show any leakage outside the pipeline.  

During the operation of closing or opening of the valve, small leakages are accepted at the 
shaft. 
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The valve in open condition shall be capable of withstanding the general vacuum test applied 
to transformers with radiators. 

6.7.5.2 Tightness of the butterfly blade (metal-to-metal type) 

Leakage is admitted at the closed butterfly; Table 8 shows the admitted leakage according to 
the nominal diameter. The values of Table 8 apply with oil at 20 °C, 100 kPa and viscosity of 
30,5 mm2/s.  

Table 8 – Maximum admissible leakage value  

Nominal diameter of valve  
mm ≤ 100 > 100 to ≤ 175 > 175 

Admitted leakage in dm3/h measured in 1 h ≤ 0,5 ≤ 1,0 ≤ 2,0 

 

6.7.5.3 Operating torque 

The following torque values shall be provided by the manufacturer and included in the operation 
manual or technical datasheet: 

• closing torque – torque necessary to completely close the valve, starting from the open 
position; 

• opening torque – maximum initial torque necessary to open the valve after complete closure. 

6.7.6 Tests 

6.7.6.1 List of tests 

6.7.6.1.1 Routine tests 
• Tightness of the butterfly blade and operating torques. 

6.7.6.1.2 Type tests 

The following list of tests is not in any specific order. 

• Tightness of the mounted valve; 

• Maximum working overpressure with the butterfly valve in open and closed position. 

6.7.6.2 Tightness of the butterfly blade and operating torques 

This test shall be carried out by sampling on each manufacturing lot; the number of samples to 
be decided and declared by the manufacturer. 

The valve shall be closed from the open position by a dynamometric spanner using the values 
indicated by the manufacturer in its data sheet. The valve shall then be tested with oil at 20 °C, 
100 kPa and viscosity of 30,5 cSt. The leakage at the butterfly over a period of 1 h shall be less 
than the maximum admissible values indicated in Table 8. 

After the tightness test, the valve shall be opened and the maximum initial torque shall be lower 
than the value indicated in the data sheet of the manufacturer.  

6.7.6.3 Type test 

6.7.6.3.1 Tightness of the mounted valve 

This test shall be done with air at a pressure of 200 kPa on the valve mounted on a pipe flanged 
on one side, with a blind flange on the other side; no air leaks shall be observed with the full 
assembly immersed under water.  
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The tightness of the mounted valve under pressure or vacuum has to be guaranteed by valve 
design and by the materials and machining characteristics used in the construction.  

6.7.6.3.2 Maximum working overpressure with the butterfly valve in open and closed 
position 

The valve shall be mounted on a pipeline in which it is possible to create an oil pressure of 
200 kPa on both sides of the butterfly. 

After 5 open–close operations without any malfunction in either condition: 

• pressure on both sides, 

• pressure on each side; 

the valve shall pass the tests of 6.7.6.3.1 and 6.7.6.2.  

The valve shall then be dismounted from the pipeline and visually inspected to verify the 
integrity of the components; no sign of deformation shall be evident. 

6.7.7 Supply conditions 

The valve shall be supplied clean of any mechanical scrap or particle and slightly oiled with 
transformer mineral oil to prevent corrosion during shipment and storage. 

6.8 Junction terminal boxes 

6.8.1 General 

Subclause 6.8 defines the functional and manufacturing characteristics of the terminal boxes 
as well as the general overall dimensions. 

6.8.2 Degree of protection 

Unless otherwise specified, where applicable, the degree of protection of the device for outdoor 
installation shall be at least IP 54 according to IEC 60529. 

The degree of protection against external mechanical impact shall be IK 07 with an admissible 
vertical load of 100 daN. 

6.8.3 Function of the junction terminal box 

The measurement, control, check and data recording circuits of oil-insulated electric 
transformers require low voltage and current signals AC and DC to be brought outside the tank. 
Typically, the current transformers require this kind of connection. 

In addition, the earthing of mechanical parts inside the transformer tank requires oil-tight and 
insulated electrical connections from the inside to the outside of the tank. Typically, the earthing 
of the core and frame require this kind of connection. 

6.8.4 General construction 

The junction terminal box consists of a flanged casing with one or more threaded cable entries 
and closed by a cover. The terminals are mounted inside the casing; they are oil-tight and 
insulated from the casing itself.  

The casing is mounted on the tank in a position suitable to connect the cables that have to be 
led outside the tank. One end of the terminal is connected inside the transformer tank while the 
other end is connected by insulated conductor inside the terminal box to the outside of the tank 
through threaded cable entries. 
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The junction terminal box shall be designed to allow the mounting in any position. To reduce 
the risk of moisture ingress, cable entries shall be positioned below the terminal box or in a 
horizontal position. 

If the junction terminal box casing is metallic, an external equipotential bonding connection 
point shall be provided. 

6.8.5 Overall dimensions 

Figure F.1 and Table F.1 in Annex F provide the preferred dimensions of terminal boxes for 
various sizes. 

6.8.6 Preferred functional and manufacturing characteristics of the box 
• The flanged casing shall preferably have a lowered bottom to prevent air pockets and it shall 

be oil-tight; 

• The flange shall have a gasket seat to allow an oil-tight assembly on the tank; 

• The casing shall have one or more cable entries and be closed by a cover;  

• A label on the outside of the box shall allow its identification. 

6.8.7 Preferred functional and manufacturing characteristics of the terminals 
• The terminals shall be one-piece conductors, preferably of brass or copper, with provision 

on both ends to connect the cables;  

• The minimum cross section of the terminals shall be at the connecting ends; 

• Terminals with M6, M10 and M12 thread are currently in use; 

• M6 terminals are typically used for current transformer connection; M10 and M12 terminals 
are typically used for core and frame grounding; 

• The terminals shall be insulated from each other and from the casing; 

• The terminals shall be oil-tight; 

• The terminals shall be identified at both ends by numbers, letters or combinations of both 
to make the wiring easily identifiable; 

• A label inside the cover or a suitable identification shall be provided to allow the function of 
each terminal to be recorded; 

• The terminals shall be mounted inside the box in such a way that they cannot fall inside the 
tank even if the tightening nut is accidentally loosened; 

• The terminals shall be mounted inside the box in such a way that they cannot twist when 
the cable end is screwed on and off and so that no accidental loosening during transport, 
handling and mounting can occur. 

6.8.8 Performance 
• The mounting of the box on the tank shall meet ISO 7005-1 PN10 requirements; 

• The design of the box and the terminals shall be such to withstand without mechanical 
breakdown an internal pressure in the tank of 400 kPa or full vacuum;  

• The insulation between terminals and between terminals and earth shall be minimum 2,5 kV 
AC 60 s;   

• Connection to current transformers with a knee point exceeding 2 kV, the insulation test 
shall be performed at 4 kV AC 60 s; 

• For terminals used for core and frame grounding, higher insulation levels may be required; 

• The terminal box and the terminals shall be compatible with the insulating liquid; 

• The maximum permanent current allowed on the terminal shall be declared by the 
manufacturer. Typical rated current values are 40 A for the terminals used for the CTs and 
250 A for the terminals used for core and frame grounding. 
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6.8.9 Tests 

6.8.9.1 List of tests 

6.8.9.1.1 Routine tests 

The following list of tests is not in any specific order. 

• Insulation between terminals and earth; 

• Liquid leakage test. 

6.8.9.1.2 Type tests 

The following list of tests is not in any specific order. 

• Insulation test between terminals; 

• Vacuum withstand test; 

• Pressure withstand test; 

• Maximum admitted temperature test of the terminals.  

6.8.9.2 Routine tests 

6.8.9.2.1 Insulation test between terminals and earth 

The manufacturer shall perform a short duration (60 s) power frequency withstand voltage test 
between all terminals together and earth. 

Test voltage shall be 2,5 kV. 

6.8.9.2.2 Liquid leakage test 

The manufacturer shall perform a test to prove the device will not leak in operation. The 
description of the test procedure shall be made available to the customer on request. 

The test performed by the manufacturer shall be at least as reliable as a test performed by 
injecting air with an overpressure of 2,5 × 105 Pa in the device immersed in a water container 
for at least 5 min at ambient temperature to observe if there are escaping air bubbles or a 
helium leakage test with a leakage rate lower than 4 × 10-6 Pa m3/s.  

6.8.9.3 Type tests 

6.8.9.3.1 Insulation test between terminals 

The manufacturer shall perform a short duration (60 s) power frequency withstand voltage test 
between a terminal and each adjacent terminal. 

Test voltage shall be 2,5 kV. 

6.8.9.3.2 Vacuum withstand test 

The test shall be carried out on the complete terminal box, mounted on a tank as in service, for 
24 h at 2,5 kPa absolute pressure. 

At the end of the test, the terminal box shall be visually inspected to ensure that no damage 
has occurred and the routine tests shall be repeated and successfully passed. 
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6.8.9.3.3 Pressure withstand test 

The test shall be carried out on the complete terminal box, mounted on a tank as in service, 
with oil at 400 kPa for 2 min at a temperature of 70 °C. 

At the end of the test, the terminal box shall be visually inspected to ensure that no damage 
has occurred and the routine tests shall be repeated and successfully passed. 

6.8.9.3.4 Maximum admitted temperature of the terminals 

The test shall be carried out on the complete terminal box, mounted on a tank as in service, 
with oil at a temperature of 70 °C. 

For CT terminal boxes, a current of 40 A shall be injected continuously for 2 h; at the end of the 
test, the temperature of the terminals shall not exceed 100 °C. The terminal box shall also be 
visually inspected to ensure that no damage has occurred and the routine tests shall be 
successfully repeated. 

For core and frame grounding boxes, a current of 250 A shall be injected continuously for 2 h; 
at the end of the test, the temperature of the terminals shall not exceed 100 °C. The terminal 
box shall also be visually inspected to ensure that no damage has occurred and the routine 
tests shall be successfully repeated. 

6.9 Sampling device 

6.9.1 General 

Subclause 6.9 defines some functional and manufacturing characteristics of the sampling 
devices used on transformers to allow sampling of the insulating liquid. 

The sampling device is always an end point, but may be combined with a pipeline or an end 
point valve or an oil treatment – draining valve. 

6.9.2 Requirements and characteristics 

6.9.2.1 Requirements 

The sampling device shall: 

• have a protective cap to prevent the pollution of the sampling orifice when not in use; 

• when open, be perfectly liquid-tight with the protective cap in place; 

• when closed, be perfectly liquid-tight even without the protective cap;  

• have a sealing of the metal-to-metal type, the sealing of the protective cap may have a liquid 
resistant gasket; 

• have a means to control the liquid flow; 

• be liquid resistant and corrosion proof and resilient to mechanical shock; bronze, brass or 
stainless steel are currently used; 

• be resistant to an overpressure of 400 kPa when closed. 

6.9.2.2 Examples of different devices  

Unless otherwise specified one of the two types shown in Figure 15 and Figure 16 shall be 
supplied. 
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Figure 15 – Sampling device NF C 51-123  

Table 9 – Dimensions of sampling device in Figure 15  

Dimensions in millimetres 

Nominal size D No. of holes Ø G on 
PCD  C F H max A max E max P 

DN 25 115 4 × Ø14 on Ø 85 69 4,5 150 140 13 27 

DN 40 150 4 × Ø18 on Ø 110 88 4,5 180 190 15 27 

DN 50 165 4 × Ø18 on Ø 125 103 4,5 190 220 16 27 
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Figure 16 – Sampling device DIN 42568  

Table 10 – Dimensions of sampling device in Figure 16  

Dimensions in millimetres 

Nominal 
size 

d1 k No. of holes d3 s d2 L max h max A max d4 d5 d6 

DN 15 Ø 80 55 4 × Ø11,5  10 44 112 105 10 60 15 
R 15,875 

(5/8") 

DN 32 ☐ 90 × 90 90 4 × Ø14 13 55 130 135 19 90 32 
R 31,75 

(1 1/4") 

 

6.9.3 Tests 

6.9.3.1 List of tests 

6.9.3.1.1 Routine tests 
• Tightness of the sampling device. 

6.9.3.1.2 Type tests 
• Maximum working overpressure. 

6.9.3.2 Routine tests – Tightness of the sampling device 

This test shall be carried out by sampling on each manufacturing lot; the number of samples is 
to be decided and declared by the manufacturer. 

The device shall be closed. The device shall then be tested with oil at 20 °C, 100 kPa and 
viscosity of 30,5 cSt. No leakage shall occur over a period of 1 h. 
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6.9.3.3 Type test 

6.9.3.3.1 Maximum working overpressure with the device in closed position 

The device shall be mounted on a pipeline in which it is possible to create an oil pressure of 
400 kPa on the liquid side of the device. 

After 5 open–close operations without any malfunction, the device shall pass the tests of 6.9.3.2.  

The device shall then be dismounted from the pipeline and visually inspected to verify the 
integrity of the components; no sign of deformation shall be evident. 

Full document details: IEC 60076-22-7-2020

http://www.avadocuments.com/doc/iec-60076-22-7-2020
http://www.avadocuments.com/doc/iec-60076-22-7-2020


IEC 60076-22-7:2020  IEC:2020 – 37 –  

Annex A 
(informative) 

 
Earthing pad current capacity calculation 

A.1 Theory 

It is assumed that the conductor temperature rise is adiabatic. The current I, flowing through a 
conductor of a resistance R(θ) at the temperature θ during dt, supplies an energy: 

dW = R(θ)I2 × dt 

which results in a temperature rise if its weight is m and its mass thermal capacity is Cp, defined 
by:  

dW = m × Cp∙dθ 

giving the differential equation m × Cp × dθ = R(θ)I2 × dt 

Bearing in mind that resistance R(θ) is expressed as being 

( ) ( )θ θ
LR
S

ρ=  

where 

ρ(θ)  is conductor resistivity; 

L is conductor length; 
S  is conductor cross section; 

m = ∆ LS 

where 

∆ is density of material; 

and that 

( ) ( ) ( )0θ 0 1ρ ρ α θ θ = + −   

where 

α is resistivity variation factor; 

θ0 is the reference temperature where ρ(0) is defined  

It occurs that m∙Cp∙dθ = R(θ)I2∙dt can be written as 

( ) ( ) 2
00· · · ·d 1 ·dLL S Cp I t

S
θ ρ α θ θ ∆ = + −   
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i.e.  
( ) ( )0
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Through integration, it occurs that  
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T = duration of short circuit 

which is expressed as   
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where θf is the final temperature and θi is initial temperature. 

This formula expresses the relationship between temperature, current and duration of 
application and properties of the conducting material. It allows the determination of the 
maximum permissible current for a given material keeping the final temperature below a certain 
threshold. 

The formula is then given as: 

( )

( )
( )

2
f 0

i 00

1· · .Ln
· 1

S CpI
T

α θ θ
ρ α α θ θ

 + −∆
=  

+ −  
  

A.2 Application to earthing pads 

For the calculation of earthing pads, the cross section which has been retained in this document 
is the cross section of the earthing element considering that the welding on the tank will be at 
least as large as the cross section of the pad. For stud type earthing elements, the minimum 
cross section of the thread has been retained. 

The welding materials and methods for connecting the pads to the tank shall be capable of 
withstanding the maximum temperatures indicated in Table A.1 for each type of pad without 
detriment.  

The maximum current values detailed in Table A.2 are related only to the earthing pad and its 
connection to the tank; earthing connections to the pad should be suitably rated to match these 
values.   

Table A.1 compiles the material properties which have been used for the calculation. 
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