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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MAGNETIC MATERIALS – 

 
Part 1-1: Classification – Surface insulations of electrical steel sheet, strip 

strip, sheet and laminations 
 
 

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), 
which may be required to implement this document. However, implementers are cautioned that this may not 
represent the latest information, which may be obtained from the patent database available at 
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights. 

This consolidated version of the official IEC Standard and its amendment has been 
prepared for user convenience. 

IEC 60404-1-1 edition 1.1 contains the first edition (2004-04) [documents 68/292/FDIS 
and 68/297/RVD] and its amendment 1 (2024-07) [documents 68/756/CDV and 
68/763/RVC]. 

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 60404-1-1 has been prepared by IEC technical committee 68: 
Magnetic alloys and steels. 

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

The committee has decided that the contents of this document and its amendment will remain 
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the 
data related to the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 
 

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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MAGNETIC MATERIALS – 
 

Part 1-1: Classification – Surface insulations of electrical steel sheet, strip 
strip, sheet and laminations 

 
 
 

1 Scope 

This part of IEC 60404 establishes a classification of surface insulations for electrical steel 
sheet, strip strip, sheet and laminations according to their general composition, relative 
insulating ability and function. 

These surface insulations are either oxide layers or applied coatings. 

The purpose of this classification is to create a nomenclature for the various types of surface 
insulations and to assist users of surface insulations by providing general information about 
the chemical nature and use of the surface insulations. 

It is not the intent of this classification to specify insulation requirements in terms of specific 
values of surface insulation resistance. Such requirements are agreed between the purchaser 
and the steel producer, where applicable. 

The classification is used in conjunction with the various specifications for cold rolled 
electrical steels (see the standards in the IEC 60404-8 series in Clause 2). 

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 (221), International Electrotechnical Vocabulary (IEV) - Chapter 221: Magnetic 
materials and components 

IEC 60404-8-2:1998, Magnetic materials – Part 8-2: Specifications for individual materials – 
Cold-rolled electrical alloyed steel sheet and strip delivered in the semi-processed state 

IEC 60404-8-3:1998, Magnetic materials – Part 8-3: Specifications for individual materials – 
Cold-rolled electrical non-alloyed steel sheet and strip non-oriented electrical steel strip and 
sheet delivered in the semi-processed state 

IEC 60404-8-4:1998, Magnetic materials – Part 8-4: Specifications for individual materials – 
Cold-rolled non-oriented electrical steel sheet and strip strip and sheet delivered in the fully-
processed state  

IEC 60404-8-5:1989, Magnetic materials – Part 8-5: Specifications for individual materials –
Specification for steel sheet and strip with specified mechanical properties and magnetic 
permeability Electrical steel strip and sheet with specified mechanical properties and 
magnetic polarization 

IEC 60404-8-7:1998, Magnetic materials – Part 8-7: Specifications for individual materials – 
Cold-rolled grain-oriented electrical steel sheet and strip strip and sheet delivered in the fully-
processed state 
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IEC 60404-8-8:1991, Magnetic materials – Part 8-8: Specifications for individual materials –
Specification for thin magnetic steel strip for use at medium frequencies Thin electrical steel 
strip and sheet for use at medium frequencies 

IEC 60404-11:1999, Magnetic materials – Part 11: Method of test for the determination of 
surface insulation resistance of magnetic sheet and strip Methods of measurement of the 
surface insulation resistance of electrical steel strip and sheet 

3 Terms and definitions 

For the purposes of this document, the terms and definitions of the principal terms given in 
IEC 60050(-221) and in IEC  60404-8-2, and in IEC 60404-8-3, IEC 60404-8-4, IEC 60404-8-
5, IEC 60404-8-7, IEC 60404-8-8 and IEC 60404-11 apply. 

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

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

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

4 Classification of surface insulations of electrical steel sheet, strip strip, 
sheet and laminations 

Table 1 gives the classification of surface insulations of electrical steel sheet, strip strip, sheet 
and laminations. 

Table 1 – Classification of surface insulations of electrical steel sheet,  
strip strip, sheet and laminations 

Insulation 
designation 

Insulation description – Characteristics –  
Typical application, limits of use 

EC-0 An oxide layer that is formed naturally on the steel surface during electrical steel 
manufacture. 

This oxide layer is thin, tightly adherent and provides sufficient surface insulation resistance 
for many types of small cores. 

This oxide layer will withstand normal stress relief annealing temperatures. 

If subjected to a user’s anneal after stamping, the surface insulation resistance of this oxide 
layer may be affected by the oxidizing potential of the anneal. 

It is not appropriate to specify the surface insulation resistance for this type of insulation 

EC-1 An oxide layer that is created on the surface of the steel laminations by contact with an 
oxidizing furnace atmosphere at the end of the heat treatment cycle following the stamping of 
the laminations. 

This oxide layer is usually bluish to grey in colour. 

This oxide layer is primarily relevant to steel sheet, strip strip, sheet and laminations in the 
semi-processed state. 

It is not appropriate to specify the surface insulation resistance for this type of insulation 

EC-2 An inorganic insulation coating predominantly comprised of magnesium silicate. 

This type of coating is formed on the surface of grain oriented electrical steel by the reaction 
of the annealing separator with the steel surface during high temperature annealing. 

This type of coating is often referred to as “mill glass” or “glass“, even though the coating is 
not technically a glass. 

This type of coating is very abrasive. Steels coated with this type of coating only are not 
typically used for stamped laminations. 

The primary application of this type of coating is for materials used in wound core 
transformers. 
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This type of coating will withstand normal stress relief annealing temperatures. 

It is not appropriate to specify the surface insulation resistance for this type of coating 

EC-3 An organic varnish/enamel coating that is applied to the steel surface. 

This type of coating is preferably used for fully processed non-oriented electrical steels. 

This type of coating generally improves the punchabilityb of the steel and, hence, is quite 
suitable for the production of stamped laminations. 

This type of coating may adversely affect weldabilityb and will not withstand normal stress 
relief annealing temperatures. The coating is normally suitable for operating temperatures up 
to about 180 °C. The user should take into account any problems due to coating off-gassing 
during welding or exposure of the steel coated with this type of coating to elevated 
temperatures. 

It may be appropriate to specify the surface insulation resistancea of this type of coating 

EC-3-B An EC-3 coating, usually applied by the steel manufacturer, having a self-bonding function 
used for bonding of stacks of stamped laminations. 

This type of coating, applied on the steel strip or sheet surface, is in a reactive state in the 
as-delivered condition of the steel. It turns into a fully cured state, bonding adjacent 
laminations in a stack and no longer reactive, after applying a pressure to the stack at an 
elevated temperature for a certain timec. 

This type of coating can be applied on top of other types of coating, e.g. EC-5 or EC-6. 

EC-4 A coating formed by phosphating or some other chemical treatment of the steel surface 
followed by a curing treatment at elevated temperature. 

This type of coating is used in applications requiring moderate levels of surface insulation 
resistance. 

This type of coating will withstand normal stress relief annealing temperatures but some 
reduction of the surface insulation resistance may result. 

It may be appropriate to specify the surface insulation resistancea of this type of coating 
before stress relief annealing 

EC-4-AS A thinner EC-4 coating primarily used for preventing sticking during heat treatment of 
electrical steel laminations. 

This type of coating is often referred to as "anti-stick".  

It is not appropriate to specify the surface insulation resistance or the thicknessb of this type 
of coating 

EC-5 A class of inorganic or mostly inorganic coatings similar to EC-4 coating to which ceramic 
fillers and/or film forming inorganic components have been added to increase the quality of 
the surface insulation of the coating. 

This class consists of four coatings: EC-5-G, EC-5-N, EC-5-P and EC-5-AS 

EC-5-G An EC-5 coating specific to grain oriented electrical steel. 

This type of coating is generally phosphate or silicate based. This type of coating is normally 
applied on top of an EC-2 coating where increased surface insulation resistance is required, 
e.g. sheared laminations of grain oriented electrical steels for cores of power transformers. 

The coating will withstand a stress relief annealing treatment at temperatures up to 845 °C. 

In some cases, the EC-5-G coating is applied directly to the surface of grain oriented steel 
without the EC-2 interface, but then there may be some reduction in the surface insulation 
resistance. 

It may be appropriate to specify the surface insulation resistancea of this type of coating 

EC-5-N An EC-5 coating specific to non-oriented electrical steels. 

The coating will withstand normal stress relief annealing temperatures but some reduction of 
surface insulation resistance may result. 

The coating will withstand burn-off treatments in the temperature range from 300 °C to 
550 °C, used to remove stator winding insulation during rebuilding of stator cores. The user 
should take into account any problems due to coating decomposition or off-gassing during 
welding or exposure of steel coated with this type of coating to elevated temperatures. 

It may be appropriate to specify the surface insulation resistancea of this type of coating 
before stress relief annealing 
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EC-5-P An EC-5 coating to which organic components have been added to enhance punchabilityb. 

The ceramic fillers in EC-5 coatings may have been reduced or removed. 

The applications, uses and properties of this type of coating are similar to those of the EC-5-
G and EC-5-N coatings. On grain oriented electrical steels, this type of coating is generally 
used for punching quality without an EC-2 coating when it may not have such a high surface 
insulation resistance as an EC-5-G coating can achieve. 

The user should take into account any problems due to coating decomposition or off-gassing 
during welding or exposure of the steel coated with this type of coating to elevated 
temperatures. 

It may be appropriate to specify the surface insulation resistancea of this type of coating 

EC-5-AS A thinner EC-5-N or EC-5-P coating primarily used for preventing sticking during heat 
treatment of electrical steel laminations. 

This type of coating is often referred to as "anti-stick". 

It is not appropriate to specify the surface insulation resistance or the thicknessb of this type 
of coating 

EC-6 An organic-based coating to which inorganic fillers have been added to increase the surface 
insulation resistance of the coating. 

This type of coating is typically used for fully processed non-oriented electrical steels, 
especially for application in large diameter rotating machines such as power station 
generators. 

The coating generally improves the punchabilityb of the steel and, hence, is suitable for the 
production of stamped laminations. 

The coating will withstand burn-off treatments in the temperature range from 300 °C to 
550 °C, used to remove stator winding insulation during rebuilding of stator cores but it is not 
considered to be a coating that will withstand normal stress relief annealing temperatures. 

The user should take into account any problems due to coating decomposition or off-gassing 
during welding or exposure of the steel coated with this type of coating to elevated 
temperatures. 

It may be appropriate to specify the surface insulation resistancea of this type of coating 
a The surface insulation resistance should be determined according to IEC 60404-11. A requirement for the surface 
insulation resistance may be agreed between the steel producer and the purchaser. 
b Any requirement for this property and the corresponding method of evaluation should be agreed between the steel 
producer and the purchaser. 

c  Methods for assessing the properties and quality of the coating in the as-delivered, active, state and the fully 
cured, bonded state, can be agreed between the manufacturer and the purchaser. This includes the proper bonding 
process. 

 

__________ 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MAGNETIC MATERIALS – 

 
Part 1-1: Classification – Surface insulations of electrical steel strip, sheet 

and laminations 
 
 

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), 
which may be required to implement this document. However, implementers are cautioned that this may not 
represent the latest information, which may be obtained from the patent database available at 
https://patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights. 

This consolidated version of the official IEC Standard and its amendment has been 
prepared for user convenience. 

IEC 60404-1-1 edition 1.1 contains the first edition (2004-04) [documents 68/292/FDIS 
and 68/297/RVD] and its amendment 1 (2024-07) [documents 68/756/CDV and 
68/763/RVC]. 

This Final version does not show where the technical content is modified by 
amendment 1. A separate Redline version with all changes highlighted is available in 
this publication. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

-1:
20

04
+A

MD1:2
02

4 C
SV

https://iecnorm.com/api/?name=83a777bd3c65a75ec3cf4dcc4b49f2b1


FINAL VERSION – 4 – IEC 60404-1-1:2004+AMD1:2024 CSV 
  © IEC 2024 
International Standard IEC 60404-1-1 has been prepared by IEC technical committee 68: 
Magnetic alloys and steels. 

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

The committee has decided that the contents of this document and its amendment will remain 
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the 
data related to the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 
 

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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MAGNETIC MATERIALS – 
 

Part 1-1: Classification – Surface insulations of electrical steel strip, sheet 
and laminations 

 
 
 

1 Scope 

This part of IEC 60404 establishes a classification of surface insulations for electrical steel 
strip, sheet and laminations according to their general composition, relative insulating ability 
and function. 

These surface insulations are either oxide layers or applied coatings. 

The purpose of this classification is to create a nomenclature for the various types of surface 
insulations and to assist users of surface insulations by providing general information about 
the chemical nature and use of the surface insulations. 

It is not the intent of this classification to specify insulation requirements in terms of specific 
values of surface insulation resistance. Such requirements are agreed between the purchaser 
and the steel producer, where applicable. 

The classification is used in conjunction with the various specifications for cold rolled 
electrical steels (see the standards in the IEC 60404-8 series in Clause 2). 

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 (221), International Electrotechnical Vocabulary (IEV) - Chapter 221: Magnetic 
materials and components 

IEC 60404-8-3, Magnetic materials – Part 8-3: Specifications for individual materials – Cold-
rolled non-oriented electrical steel strip and sheet delivered in the semi-processed state 

IEC 60404-8-4, Magnetic materials – Part 8-4: Specifications for individual materials – Cold-
rolled non-oriented electrical steel strip and sheet delivered in the fully-processed state  

IEC 60404-8-5, Magnetic materials – Part 8-5: Specifications for individual materials – 
Electrical steel strip and sheet with specified mechanical properties and magnetic polarization 

IEC 60404-8-7, Magnetic materials – Part 8-7: Specifications for individual materials – Cold-
rolled grain-oriented electrical steel strip and sheet delivered in the fully-processed state 

IEC 60404-8-8, Magnetic materials – Part 8-8: Specifications for individual materials – Thin 
electrical steel strip and sheet for use at medium frequencies 

IEC 60404-11, Magnetic materials – Part 11: Methods of measurement of the surface 
insulation resistance of electrical steel strip and sheet 
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3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-221 and in 
IEC 60404-8-3, IEC 60404-8-4, IEC 60404-8-5, IEC 60404-8-7, IEC 60404-8-8 and IEC 
60404-11 apply. 

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

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

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

4 Classification of surface insulations of electrical steel strip, sheet and 
laminations 

Table 1 gives the classification of surface insulations of electrical steel strip, sheet and 
laminations. 

Table 1 – Classification of surface insulations of electrical steel strip, sheet and 
laminations 

Insulation 
designation 

Insulation description – Characteristics –  
Typical application, limits of use 

EC-0 An oxide layer that is formed naturally on the steel surface during electrical steel 
manufacture. 

This oxide layer is thin, tightly adherent and provides sufficient surface insulation resistance 
for many types of small cores. 

This oxide layer will withstand normal stress relief annealing temperatures. 

If subjected to a user’s anneal after stamping, the surface insulation resistance of this oxide 
layer may be affected by the oxidizing potential of the anneal. 

It is not appropriate to specify the surface insulation resistance for this type of insulation 

EC-1 An oxide layer that is created on the surface of the steel laminations by contact with an 
oxidizing furnace atmosphere at the end of the heat treatment cycle following the stamping of 
the laminations. 

This oxide layer is usually bluish to grey in colour. 

This oxide layer is primarily relevant to steel strip, sheet and laminations in the semi-
processed state. 

It is not appropriate to specify the surface insulation resistance for this type of insulation 

EC-2 An inorganic insulation coating predominantly comprised of magnesium silicate. 

This type of coating is formed on the surface of grain oriented electrical steel by the reaction 
of the annealing separator with the steel surface during high temperature annealing. 

This type of coating is often referred to as “mill glass” or “glass“, even though the coating is 
not technically a glass. 

This type of coating is very abrasive. Steels coated with this type of coating only are not 
typically used for stamped laminations. 

The primary application of this type of coating is for materials used in wound core 
transformers. 

This type of coating will withstand normal stress relief annealing temperatures. 

It is not appropriate to specify the surface insulation resistance for this type of coating 

EC-3 An organic varnish/enamel coating that is applied to the steel surface. 

This type of coating is preferably used for fully processed non-oriented electrical steels. 

This type of coating generally improves the punchabilityb of the steel and, hence, is quite 
suitable for the production of stamped laminations. 

This type of coating may adversely affect weldabilityb and will not withstand normal stress 
relief annealing temperatures. The coating is normally suitable for operating temperatures up 
to about 180 °C. The user should take into account any problems due to coating off-gassing 
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