
 

IEC 60404-1 
 Edition 3.0 2016-10 

REDLINE VERSION 
 INTERNATIONAL 

STANDARD 
  

Magnetic materials –  
Part 1: Classification 
 

IE
C

 6
04

04
-1

:2
01

6-
10

 R
LV

(e
n)

 

  
  

® 
 

 

colour
inside

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2016 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form 
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from 
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC 
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or 
your local IEC member National Committee for further information. 
 
IEC Central Office Tel.: +41 22 919 02 11 
3, rue de Varembé Fax: +41 22 919 03 00 
CH-1211 Geneva 20 info@iec.ch 
Switzerland www.iec.ch 

 
About the IEC 
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies. 
 
About IEC publications  
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 
IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone application for consulting the entire 
bibliographical information on IEC International Standards, 
Technical Specifications, Technical Reports and other 
documents. Available for PC, Mac OS, Android Tablets and 
iPad. 
 
IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find IEC publications by a 
variety of criteria (reference number, text, technical 
committee,…). It also gives information on projects, replaced 
and withdrawn publications. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on all new IEC publications. Just Published 
details all new publications released. Available online and 
also once a month by email. 

Electropedia - www.electropedia.org 
The world's leading online dictionary of electronic and 
electrical terms containing 20 000 terms and definitions in 
English and French, with equivalent terms in 15 additional 
languages. Also known as the International Electrotechnical 
Vocabulary (IEV) online. 
 
IEC Glossary - std.iec.ch/glossary 
65 000 electrotechnical terminology entries in English and 
French extracted from the Terms and Definitions clause of 
IEC publications issued since 2002. Some entries have been 
collected from earlier publications of IEC TC 37, 77, 86 and 
CISPR. 
 
IEC Customer Service Centre - webstore.iec.ch/csc 
If you wish to give us your feedback on this publication or 
need further assistance, please contact the Customer Service 
Centre: csc@iec.ch. 
 

 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 60404-1 
 Edition 3.0 2016-10 

REDLINE VERSION 

INTERNATIONAL 
STANDARD 
  

Magnetic materials –  
Part 1: Classification 
 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS 29.030 
 

 

ISBN 978-2-8322-3714-4 

  
  

® Registered trademark of the International Electrotechnical Commission 

® 
 

   Warning! Make sure that you obtained this publication from an authorized distributor. 

 

colour
inside

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


 – 2 – IEC 60404-1:2016 RLV © IEC 2016 

CONTENTS 

FOREWORD ........................................................................................................................... 5 
1 General ..............................................................................................................................  
1 Scope and object ............................................................................................................. 7 
2 Normative references ...................................................................................................... 7 
3 Terms and definitions ...................................................................................................... 9 
4 Magnetically soft materials (coercivity ≤1 kA/m) ............................................................... 9 

4.1 Class A – Irons ....................................................................................................... 9 
4.1.1 General Reference documents......................................................................... 9 
4.1.2 Chemical composition ...................................................................................... 9 
4.1.3 Basis of subclassification ................................................................................. 9 
4.1.4 Available forms ................................................................................................ 9 
4.1.5 Physical characteristics ................................................................................. 10 
4.1.6 Main applications ........................................................................................... 10 

4.2 Class B – Low carbon mild steels .......................................................................... 10 
4.2.1 Class B1 – Bulk material ................................................................................ 10 
4.2.2 Class B2 – Flat material................................................................................. 11 

4.3 Class C – Silicon steels ........................................................................................ 12 
4.3.1 Class C1 – Bulk material ............................................................................... 12 
4.3.2 Class C2 – Flat material ................................................................................ 13 

4.4 Class D – Other steels .......................................................................................... 20 
4.4.1 Class D1 – Bulk material ............................................................................... 20 
4.4.2 Class D2 – Flat material ................................................................................ 22 
4.4.3 Class D3 – Stainless steels ........................................................................... 23 

4.5 Class E – Nickel-iron alloys .................................................................................. 24 
4.5.1 Class E1 – Nickel content 72 70 % to 83 85 % ............................................... 24 
4.5.2 Class E2 – Nickel content 54 % to 68 % ........................................................ 26 
4.5.3 Class E3 – Nickel content 45 40 % to 50 51 % ............................................... 27 
4.5.4 Class E4 – Nickel content 35 % to 40 % ........................................................ 29 
4.5.5 Class E5 – Nickel content 29 % to 33 % ........................................................ 30 

4.6 Class F – Iron-cobalt alloys ................................................................................... 31 
4.6.1 Class F1 – Cobalt content 47 % to 50 % ........................................................ 31 
4.6.2 Class F2 – Cobalt content 35 % ..................................................................... 32 
4.6.3 Class F3 – Cobalt content 23 % to 27 30 % ................................................... 33 

4.7 Class G – Other alloys .......................................................................................... 34 
4.7.1 Class G1 – Aluminium-iron alloys .................................................................. 34 
4.7.2 Class G2 – Aluminium-silicon-iron alloys ....................................................... 35 

4.8 Class H – Magnetically soft materials made by powder metallurgical 
techniques ............................................................................................................ 35 

4.8.1 Class H1 – Soft ferrites .................................................................................. 35 
4.8.2 Class H2 – Magnetically soft sintered materials ............................................. 37 
4.8.3 Class H3 – Powder composites ..................................................................... 39 

4.9 Class I – Amorphous soft magnetic materials ........................................................ 40 
4.9.1 General ......................................................................................................... 40 
4.9.2 Class I1 – Iron-based amorphous alloys ........................................................ 40 
4.9.3 Class I2 – Cobalt-based amorphous alloys .................................................... 41 
4.9.4 Class I3 – Nickel-based amorphous alloys ..................................................... 42 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


IEC 60404-1:2016 RLV © IEC 2016 – 3 –  

4.10 Class J – Nano-crystalline soft magnetic materials ................................................ 43 
4.10.1 Reference document ...................................................................................... 43 
4.10.2 Production process ........................................................................................ 43 
4.10.3 Chemical composition .................................................................................... 43 
4.10.4 Basis of subclassification ............................................................................... 43 
4.10.5 Available forms .............................................................................................. 43 
4.10.6 Physical characteristics ................................................................................. 43 
4.10.7 Main applications ........................................................................................... 44 

5 Magnetically hard materials (coercivity > 1 kA/m) .......................................................... 44 
5.1 Class Q – Magnetostrictive alloys – Rare earth iron alloys (Class Q1) .................. 44 

5.1.1 General Reference documents....................................................................... 44 
5.1.2 Chemical composition .................................................................................... 44 
5.1.3 Basis of subclassification ............................................................................... 44 
5.1.4 Available forms .............................................................................................. 44 
5.1.5 Physical characteristics ................................................................................. 44 
5.1.6 Main applications ........................................................................................... 45 

5.2 Class R – Magnetically hard alloys ........................................................................ 45 
5.2.1 Class R1 – Aluminium-nickel-cobalt-iron-titanium (AlNiCo) alloys .................. 45 
5.2.2 Class R3 – Iron-cobalt-vanadium-chromium (FeCoVCr) alloys ....................... 46 
5.2.3 Class R5 – Rare earth cobalt (RECo) alloys .................................................. 47 
5.2.4 Class R6 – Chromium-iron-cobalt (CrFeCo) alloys ......................................... 48 
5.2.5 Class R7 – Rare earth-iron-boron (REFeB) alloys .......................................... 49 

5.3 Class S – Magnetically hard ceramics – Hard ferrites (Class S1) .......................... 50 
5.3.1 General Reference document ........................................................................ 50 
5.3.2 Chemical composition and manufacturing method ......................................... 50 
5.3.3 Basis of subclassification ............................................................................... 51 
5.3.4 Available forms .............................................................................................. 51 
5.3.5 Physical characteristics ................................................................................. 51 
5.3.6 Main applications ........................................................................................... 51 

5.4 Class T – Other magnetically hard materials – Martensitic steels (Class T1) ......... 51 
5.4.1 General Reference document ........................................................................ 51 
5.4.2 Composition .................................................................................................. 51 
5.4.3 Basis of subclassification ............................................................................... 51 
5.4.4 Available forms .............................................................................................. 52 
5.4.5 Physical characteristics ................................................................................. 52 
5.4.6 Main applications ........................................................................................... 52 

5.5 Class U – Bonded magnetically hard materials...................................................... 52 
5.5.1 General ......................................................................................................... 52 
5.5.2 Class U1 – Bonded aluminium-nickel-cobalt-iron-titanium (AlNiCo) 

magnets ........................................................................................................ 53 
5.5.3 Class U2 – Bonded rare earth-cobalt (RECo) magnets .................................. 53 
5.5.4 Class U3 – Bonded neodymium-iron-boron (REFeB) magnets ....................... 54 
5.5.5 Class U4 – Bonded hard ferrites magnets ...................................................... 55 
5.5.6 Class U5 – Bonded rare earth-iron-nitrogen magnets ..................................... 56 

 
Table 1 – Ranges of chemical composition ..............................................................................  
Table 2 – Ranges of specified values for magnetic properties ..................................................  
Table 3 – Ranges of typical values of magnetic and mechanical properties ..............................  
Table 4 – Ranges of specified values of maximum specific total loss .......................................  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


 – 4 – IEC 60404-1:2016 RLV © IEC 2016 

Table 5 – Ranges of specified values for magnetic and electric properties ...............................  
Table 6 – Ranges of specified values of maximum specific total loss .......................................  
Table 7 – Ranges of specified values of maximum specific total loss .......................................  
Table 8 – Ranges of typical values of maximum specific loss ...................................................  
Table 9 – Specified values of maximum specific total loss .......................................................  
Table 10 – Typical values of mechanical and magnetic properties 
for the thickness of 0,50 mm ....................................................................................................  
Table 11 – Typical values of magnetic properties .....................................................................  
Table 12 – Typical ranges of magnetic and mechanical properties ...........................................  
Table 13 – Typical ranges of mechanical properties .................................................................  
Table 14 – Ranges of specified values of mechanical and magnetic characteristics 
of hot-rolled products ...............................................................................................................  
Table 15 – Ranges of specified values of mechanical and magnetic characteristics 
of cold-rolled products .............................................................................................................  
Table 16 – Ranges of chemical composition ............................................................................  
Table 17 – Typical magnetic properties of materials in the fully processed state ......................  
Table 18 – Specified magnetic properties of material with a round hysteresis loop ...................  
Table 19 – Typical magnetic properties of material with a flat hysteresis loop ..........................  
Table 20 – Typical magnetic properties of material with a rectangular hysteresis loop .............  
Table 21 – Typical magnetic properties of material with a round hysteresis loop ......................  
Table 22 – Typical magnetic properties of material with a flat hysteresis loop ..........................  
Table 23 – Specified magnetic properties of material with a round hysteresis loop ...................  
Table 24 – Typical magnetic properties of material with a flat hysteresis loop ..........................  
Table 25 – Typical magnetic properties of material with a rectangular hysteresis loop .............  
Table 26 – Specified magnetic properties of materials in the fully processed state ...................  
Table 27 – Typical magnetic properties ....................................................................................  
Table 28 – Ranges of specified magnetic properties of material with 
a round hysteresis loop ............................................................................................................  
Table 29 – Typical magnetic properties of material with a rectangular hysteresis loop .............  
Table 30 – Specified magnetic properties ................................................................................  
Table 31 – Specified magnetic properties ................................................................................  
Table 32 – Typical properties for Mn-Zn ferrites .......................................................................  
Table 33 – Typical properties for Ni-Zn ferrites ........................................................................  
Table 34 – Ranges of specified properties ...............................................................................  
Table 35 – Typical physical and magnetic properties ...............................................................  
Table 36 – Typical physical and magnetic properties ...............................................................  
Table 37 – Typical physical and magnetic properties ...............................................................  
Table 38 – Typical physical properties .....................................................................................  
Table 39 – Ranges of specified magnetic properties ................................................................  
Table 40 – Specified values of magnetic properties .................................................................  
Table 41 – Ranges of specified magnetic properties and density of sintered material...............  
Table 42 – Ranges of specified magnetic properties ................................................................  
Table 43 – Ranges of specified magnetic properties and density 
for anisotropic RE-FeB alloys ...................................................................................................  
Table 44 – Ranges of specified values of magnetic properties .................................................  
Table 45 – Typical magnetic properties ....................................................................................  
Table 46 – Specified values of magnetic properties .................................................................  
Table 47 – Specified values of magnetic properties .................................................................  
Table 48 – Ranges of typical physical and magnetic properties ................................................  
Table 49 – Ranges of specified magnetic properties ................................................................  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


IEC 60404-1:2016 RLV © IEC 2016 – 5 –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MAGNETIC MATERIALS –  

 
Part 1: Classification 

 
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. 

This redline version of the official IEC Standard allows the user to identify the changes 
made to the previous edition. A vertical bar appears in the margin wherever a change 
has been made. Additions are in green text, deletions are in strikethrough red text. IECNORM.C
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International Standard IEC 60404-1 has been prepared by IEC technical committee 68: 
Magnetic alloys and steels. 

This third edition cancels and replaces the second edition published in 2000 and constitutes a 
technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) Removal of all tables and values describing typical properties of the material to be 
consistent with the aim of the document to be a classification and not a specification. 

b) Enlargement of the Ni content for the classes E1 and E3. 
c) Enlargement of the Co content for the classes F3. 
d) Addition of a new class: U5 bonded rare earth-iron-nitrogen magnets. 

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

CDV Report on voting 

68/533/CDV 68/555/RVC 

 
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 60404 series, published under the general title Magnetic 
materials, can be found on the IEC website. 

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. 

A bilingual version of this publication may be issued at a later date. 

 

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 publication using a colour printer. 
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MAGNETIC MATERIALS –  

 
Part 1: Classification 

 
 
 

1 General 

1 Scope and object 

This part of IEC 60404 is intended to classify commercially available magnetic materials. 

The term "magnetic materials" denotes substances where the application requires the 
existence of ferromagnetic or ferrimagnetic properties. 

In this document, the classification of magnetic materials is based upon the generally 
recognized existence of two main groups of products: 

• soft magnetic materials (coercivity ≤1 000 A/m); 

• hard magnetic materials (coercivity >1 000 A/m). 

Within these main groups, the classification when appropriate recognizes the following 
characteristics: 

• the main alloying element and the metallurgical state and physical properties of the 
material; 

• when possible and convenient, the relationship between these characteristics is identified. 

A classification by specific areas of application cannot be applied to all materials because 
different materials can very often be used for the same application depending on the 
characteristics required. 

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 60050-121:1998, International Electrotechnical Vocabulary – Part 121: Electromagnetism 

IEC 60050-151:1978, International Electrotechnical Vocabulary – Part 151: Electrical and 
magnetic devices 

IEC 60050-221:1990, International Electrotechnical Vocabulary – Chapter 221: Magnetic 
materials and components 

IEC 60401:1993, Ferrite materials – Guide on the format of data appearing in manufacturers 
catalogues of transformer and inductor cores 

IEC 60401-3, Terms and nomenclature for cores made of magnetically soft ferrites – Part 3: 
Guidelines on the format of data appearing in manufacturers catalogues of transformer and 
inductor cores 
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IEC 60404 (all parts), Magnetic materials 

IEC 60404-2:1996, Magnetic materials – Part 2: Methods of measurement of the magnetic 
properties of electrical steel sheet and strip by means of an Epstein frame 

IEC 60404-3:1992, Magnetic materials – Part 3: Methods of measurement of the magnetic 
properties of magnetic sheet and strip by means of a single sheet tester 

IEC 60404-4:1995, Magnetic materials – Part 4: Methods of measurement of d.c. magnetic 
properties of iron and steel 

IEC 60404-6:1986, Magnetic materials – Part 6: Methods of measurement of the magnetic 
properties of isotropic nickel-iron soft magnetic alloys, types E1, E3 and E4 magnetically soft 
metallic and powder materials at frequencies in the range 20 Hz to 200 kHz by the use of ring 
specimens 

IEC 60404-7:1982, Magnetic materials – Part 7: Method of measurement of the coercivity of 
magnetic materials in an open magnetic circuit 

IEC 60404-8-1, Magnetic materials – Part 8-1: Specifications for individual materials – 
Standard specifications for Magnetically hard materials 

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 and alloyed steel sheet and strip 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 strip and sheet delivered in the fully-processed state 

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

IEC 60404-8-6:1999, Magnetic materials – Part 8-6: Specifications for individual materials – 
Soft magnetic metallic materials 

IEC 60404-8-7:1998, 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 60404-8-8:1991, Magnetic materials – Part 8: Specifications for individual materials – 
Section 8: Specification for thin magnetic steel strip for use at medium frequencies 

IEC 60404-8-9:1994, Magnetic materials – Part 8: Specifications for individual materials – 
Section 9: Standard specifications for sintered soft magnetic materials 

IEC 60404-8-10:1994, Magnetic materials – Part 8-10: Specifications for individual materials – 
Specification for Magnetic materials (iron and steel) for use in relays 

IEC 60404-10:1988, Magnetic materials. Part 10: Methods of measurement of magnetic 
properties of magnetic steel sheet and strip at medium frequencies 

ISO 4948-1:1982, Steels – Classification – Part 1: Classification of steels into unalloyed and 
alloy steels based on chemical composition 
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3 Terms and definitions 

For the purposes of this document, the terms and definitions relating to the various terms 
used in this part of IEC 60404 are defined given in IEC 60050-121, IEC 60050-151, 
IEC 60050-221 and in the product standards of the IEC 60404-8 series 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 

4 Magnetically soft materials (coercivity ≤1 kA/m) 

4.1 Class A – Irons 

4.1.1 General Reference documents 

These materials are covered by IEC 60404-8-6 and IEC 60404-8-10. 

4.1.2 Chemical composition 

The basic constituent of these materials is pure iron, and they are often referred to as 
"commercially pure" or "magnetically soft" irons. The material also contains unavoidable 
impurities that may affect magnetic properties. Elements The amount of impurities that 
adversely affect the remanence, coercivity, saturation, magnetic polarization and stability of 
the magnetic properties are controlled  limited to produce the required magnetic properties for 
the proposed application. The amounts of the most significant elements, other than iron, when 
they are present in these materials are characteristically within the ranges of table 1.  

Table 1 – Ranges of chemical composition 

C 

% 

Si 

% 

Mn 

% 

P 

% 

S 

% 

Al 

% 

Ti 

% 

V 

% 

Up to Up to 0,03 to Up to Up to Up to Up to Up to 
0,03 0,1 0,2 0,015* 0,03* 0,08 0,1 0,1 

* For improved free machining capability, the upper limits for P and S may be higher than indicated 
in the table. 

For information the most significant impurities when they are present in these materials are 
carbon (up to 0,03 %), silicon (up to 0,1 %), manganese (up to 0,2 %), phosphorus (up to 
0,015 %), sulphur (up to 0,03 %), aluminium (up to 0,08 %), titanium (up to 0,1 %) and 
vanadium (up to 0,1 %). 

NOTE For improved free machining capability, the amount of phosphorus and sulphur can be higher than 
indicated above. 

4.1.3 Basis of subclassification 

The recommended subclassification is based on coercivity values. 

4.1.4 Available forms 

These materials are available in a wide variety of forms. They may be supplied as slabs, 
billets, ingots or forgings; as hot-rolled bar in rectangular and square cross-sections; as hot-
rolled wire rod in round, hexagonal and octagonal cross-sections; in cold-rolled and drawn 
forms as bar and wire; as hot- or cold-rolled sheet and strip. 
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4.1.5 Physical characteristics 

In addition to the values of coercivity, a more complete definition of these materials can be 
based on the following characteristics: 

• magnetic: saturation magnetic polarization, magnetic polarization for at 
various values of magnetic field strengths (from which permeability 
can be derived), stability of characteristics with time; 

• mechanical: hardness, suitability for punching operations, free machining 
capability, deep drawing properties, tensile strength; 

• metallurgical state: hot- or cold-worked, forged, deep drawn, fully processed state, i.e. 
final annealed. 

NOTE For material not delivered in the fully processed state, subclassification is based on the coercivity 
measured after heat treatment according to the requirements of the product standard or the recommendations of 
the manufacturer. 

Ranges of specified values for the above-mentioned magnetic characteristics in the fully 
processed state are as shown in table 2 given in the corresponding product specifications. 

Table 2 – Ranges of specified values for magnetic properties 

 
Maximum 
coercivity 

Minimum magnetic polarization for H = Minimum 
saturation 
magnetic 

polarization* 300 A/m 500 A/m 4 000 A/m 

A/m T T T T 

12 to 240 1,30 to 1,15 1,40 to 1,30 1,60 2,10 to 2,16 

* Value not specified but typical. 

 
4.1.6 Main applications 

The main applications are in DC relays, loudspeakers, electromagnets, magnetic clutches, 
brakes, parts for magnetic circuits in instruments and control apparatus, as well as for pole 
pieces and other DC parts for generators and motors. 

4.2 Class B – Low carbon mild steels 

4.2.1 Class B1 – Bulk material 

4.2.1.1 General Reference document 

Some of these materials are covered by IEC 60404-8-10. 

4.2.1.2 Chemical composition 

The basic constituent of these materials is iron containing unavoidable impurities, together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. The amount of alloying elements is limited to that of a non-alloy steel 
as defined in ISO 4948-1, in particular silicon is less than 0,5 %. 

4.2.1.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.2.1.4 Available forms 

These materials are normally supplied in the form of castings or forgings in a final heat-
treated condition or partially machined to drawings supplied by the user or as bar, wire rod or 
wire in the hot-rolled, cold-rolled or cold-drawn condition. 
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4.2.1.5 Physical characteristics 

In addition to the coercivity a more complete definition of these materials can be based on the 
following properties: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• mechanical: yield strength (or 0,2 % proof stress) elongation (Lo = 5 do), 
freedom from defects; 

• metallurgical state: hot- or cold-worked, annealed to produce required magnetic 
characteristics. 

Mechanical and non-destructive tests are made in accordance with the appropriate ISO 
standards. Coercivity shall be measured in accordance with IEC 60404-7, other magnetic 
properties in accordance with IEC 60404-4. 

Ranges of typical values of magnetic and mechanical properties are given in table 3 the 
corresponding product specification. 

Table 3 – Ranges of typical values of magnetic and mechanical properties 

Yield 
strength 

Elongation 
(Lo = 5 do) 

 
Coercivity 

Magnetic polarization at H = 

2 500 A/m 5 000 A/m 10 000 A/m 

N/mm2 % A/m T 

100 to 180 25 to 45 40 to 400 1,65 to 1,55 1,75 to 1,65 1,85 to 1,75 

 
4.2.1.6 Main applications 

The materials are used for large DC magnets where no mechanical strength is required, for 
example, in deflection magnets in elementary particle physics and for relay applications. 

4.2.2 Class B2 – Flat material 

4.2.2.1 General Reference documents 

These materials are covered by IEC 60404-8-3, IEC 60404-8-4 and IEC 60404-8-10. 

4.2.2.2 Chemical composition 

The basic constituent of these materials is iron containing unavoidable impurities, together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. The amount of alloying elements is limited to that of non-alloy steel as 
defined in ISO 4948-1, in particular silicon is less than 0,5 %. These materials can have an 
annealing treatment after punching to enhance their magnetic properties. 

4.2.2.3 Basis of subclassification 

The recommended subclassification is based either on the specific total loss which is a 
function of thickness and is normally measured at a magnetic polarization value of 1,5 T and 
at normal industrial power frequencies or (for relay application) on the coercivity. 

4.2.2.4 Available forms 

These materials are supplied in the form of cold-rolled coils or sheets or (for relay application) 
in the form of hot-rolled strip, sheet or plate. 
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4.2.2.5 Physical characteristics 

In addition to specific total loss, a more complete definition of these materials can be based 
on the following properties: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• mechanical: suitability for punching operations, surface condition, stacking 
factor; 

• metallurgical state: hot-rolled; hard state – i.e. cold-rolled; semi-processed state – i.e. 
annealed and finally cold-rolled; fully processed state – i.e. final 
annealed. 

NOTE For material delivered in the hard or semi-processed state, subclassification is based on the total specific 
loss or coercivity measured after heat treatment according to the requirements of the product standard or 
recommendations of the manufacturer. 

• dimensions: thickness, width and (as required) length. 

Recommended nominal thicknesses for the cold-rolled materials are 0,47 mm, 0,50 mm, 
0,65 mm and 1,0 mm given in the corresponding product specifications. 

Magnetic measurements are made in accordance with IEC 60404-2, IEC 60404-3 or 
IEC 60404-7. 

Ranges of specified values of maximum specific total loss, after annealing, for the commonly 
used thicknesses are also shown in table 4 the corresponding product specifications. 

Table 4 – Ranges of specified values of maximum specific total loss 

Nominal 
thickness 

 
Frequency 

Ranges of specific 
total loss at 

 = 1,5 T 

mm Hz W/kg 

0,50 50 6,6 to 10,5 
0,65 50 8,0 to 12,0 

0,50 60 8,4 to 13,4 
0,65 60 10,2 to 15,3 

The specified maximum value of coercivity for relay material ranges from 40 A/m to 240 A/m. 

4.2.2.6 Main applications 

The materials are used in the manufacture of laminated cores for electrical apparatus and 
especially small machines and for relay applications. 

4.3 Class C – Silicon steels 

4.3.1 Class C1 – Bulk material 

4.3.1.1 General Reference documents 

Some of these materials are covered by IEC 60404-8-6 and IEC 60404-8-10. 

4.3.1.2 Chemical composition 

The basic constituent of these materials is iron in which the main alloying element is silicon in 
the range of 0,5 % with a content of up to approximately 5 %. 

4.3.1.3 Basis of subclassification 

Ĵ
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The recommended subclassification is based on coercivity values or on electrical resistivity 
which is a function of silicon content. 

4.3.1.4 Available forms 

These materials are available as hot-rolled and cold-drawn bar, wire, ground bar and forging 
billets and require heat treatment after mechanical working to achieve the required magnetic 
properties. 

4.3.1.5 Physical characteristics 

In addition to the coercivity and the electrical resistivity for which ranges are given in table 5, 
a more complete definition of these materials can be based on the following characteristics: 

• magnetic: saturation magnetic polarization, magnetic polarization for at 
various values of magnetic field strengths, remanent magnetic 
polarization; 

• mechanical: machinability, ductility, hardness; 

• metallurgical state: hot- or cold-worked, annealed to produce required magnetic 
characteristics.  

Table 5 – Ranges of specified values for magnetic and electric properties 

Silicon 
content* 

 
Resistivity* 

 
Coercivity 

Minimum magnetic polarization at H = 

100 A/m 300 A/m 500 A/m 4 000 A/m 

% µΩm A/m T 

2 to 4,5 0,35 to 0,60 48 to 12 0,6 to 1,2 1,1 to 1,3 1,2 to 1,35 1,5 

* Value not specified but typical. 

 
4.3.1.6 Main applications 

The main applications are for the magnetic circuits of relays, magnetic clutches, magnetic 
pole pieces, stepping motors and gyro housings. 

4.3.2 Class C2 – Flat material 

4.3.2.1 Class C21 – Isotropic1 (non-oriented) steels for use at power frequencies 

4.3.2.1.1 General Reference documents 

These materials are covered by IEC 60404-8-2 60404-8-3, IEC 60404-8-4, IEC 60404-8-6 and 
IEC 60404-8-10. 

4.3.2.1.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon, whose 
content may be between 0,5 % and up to approximately 5 %. Other alloying elements, for 
example aluminium, may also be present. The material also contains unavoidable impurities, 
together with a low level of other elements which may arise from additions necessitated 
during the manufacturing process. 

____________ 
1  This describes a material which is substantially isotropic and deliberately processed to be so. 
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4.3.2.1.3 Basis of subclassification 

The recommended subclassification is based on the specific total loss which is a function of 
thickness and normally measured at a magnetic polarization value of 1,5 T and at power 
frequencies. 

When the application demands it (for example relays), it may be more appropriate for the 
subclassification to be based on coercivity or permeability. 

4.3.2.1.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets. 

4.3.2.1.5 Physical characteristics 

In addition to the values of specific total loss, a more complete definition of these materials 
can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
specific apparent power for different values of magnetic polarization 
anisotropy of loss; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: suitability for punching operations, ductility, tensile strength, 
hardness, surface condition and finish, stacking factor, flatness, 
edge camber; 

• metallurgical state: hard state, i.e. as cold rolled semi-processed state, i.e. annealed or 
annealed and temper rolled; fully-processed state, i.e. final 
annealed; 

NOTE For material delivered in the hard or semi-processed state, the subclassification is based on the specific 
total losses measured after heat treatment according to the requirements of the product standard or the 
recommendations of the manufacturer. 

• dimensions: thickness, width and (as required) length. 

The values of nominal thickness normally recommended are 0,35 mm, 0,47 mm, 0,50 mm, 
0,65 mm and 1,00 mm are given in the corresponding product specifications. 

Magnetic measurements are made in accordance with IEC 60404-2 or IEC 60404-3. The 
density values to be used for magnetic measurements should be as defined in the relevant 
product standard. In other cases, the density values should be the subject of agreement. 

Ranges of specified values of specific total loss, after final annealing, for four commonly used 
thicknesses are shown in table 6 the corresponding product specifications. 

Table 6 – Ranges of specified values of maximum specific total loss 

Nominal 
thickness 

 
Frequency 

Ranges of specific 
total loss at 

Ĵ  = 1,5 T 

mm Hz W/kg 

0,35 50 2,3 to 3,6 
0,50 50 2,5 to 10 
0,65 50 3,1 to 10 
1,00 50 6,0 to 13 

0,35 60 2,9 to 4,6 
0,50 60 3,2 to 11,9 
0,65 60 4,1 to 12,8 
1,00 60 8,1 to 17,3 
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4.3.2.1.6 Main application 

These materials are used mainly in the magnetic circuits of electrical apparatus, particularly in 
the parts of rotating machines in which the flux is not unidirectional. They may also be used 
in electromagnetic relays, small transformers, chokes for fluorescent tubes, electrical meters, 
shielding and magnetic poles of electron and proton synchrotrons. 

4.3.2.2 Class C22 – Anisotropic2 (oriented) steels for use at power frequencies 

4.3.2.2.1 General Reference documents 

These materials are covered by IEC 60404-8-6, IEC 60404-8-7 and IEC 60404-8-8. 

4.3.2.2.2 Chemical composition 

The basic constituent of these materials is iron and the main alloying element is silicon 
(approximately 3 %), together with unavoidable impurities and low levels of other elements 
which may arise from additions necessitated during the manufacturing process. This type of 
magnetic material possesses anisotropic properties (orientation) such that the direction 
parallel to the axis of rolling shows the lowest values of specific total losses and the highest 
permeability. These properties are sensitive to mechanical treatment, and stress relief 
annealing may be used to optimize the inherent properties. 

4.3.2.2.3 Basis of subclassification 

The recommended subclassification is based on the perfection of crystal orientation 
expressed by the magnetic polarization for a magnetic field strength of 800 A/m and on the 
specific total loss, which is a function of thickness and of the orientation, and is normally 
measured at magnetic polarization values of 1,5 T or 1,7 T and at power frequencies. 

4.3.2.2.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets having an 
inorganic insulating coating. 

4.3.2.2.5 Physical characteristics 

In addition to the perfection of crystal orientation and to the values of specific total loss, a 
more complete definition of these materials can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: ductility, surface condition and finish, stacking factor, flatness, edge 
camber; 

• metallurgical state: annealed and fully recrystallized; 

• dimensions: thickness, width and (if required) length. 

The values of nominal thickness normally used are: 0,23 mm, 0,27 mm, 0,30 mm and 0,35 
mm. If other thicknesses are required, the values 0,18 mm and 0,50 mm are recommended 
given in the corresponding product specifications. 

Magnetic measurements are made in accordance with IEC 60404-2 or IEC 60404-3. The 
density used for calculations is normally 7,65 kg/dm³ and test pieces are taken parallel to the 
axis of rolling and, before measurement, undergo stress relief annealing in accordance with 
the recommendations of the manufacturer. 

____________ 
2  This describes a material which is substantially anisotropic and deliberately processed to be so. 
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Ranges of specified values of maximum specific total loss, after stress relief annealing, for the 
normally used thicknesses are also shown in table 7 the corresponding product specifications. 

Table 7 – Ranges of specified values of maximum specific total loss 

 

Nominal 
thickness 

Regular material Material with high permeability 

Maximum specific total loss at 

50 Hz 60 Hz 50 Hz 60 Hz 

Ĵ  = 1,7 T Ĵ  = 1,7 T 

mm W/kg W/kg W/kg W/kg 

0,23 1,20 to 1,27 1,57 to 1,65 0,90 to 1,00 1,21 to 1,32 
0,27 1,30 to 1,40 1,68 to 1,85 1,03 to 1,10 1,35 to 1,45 
0,30 1,40 to 1,50 1,83 to 1,98 1,05 to 1,17 1,38 to 1,54 
0,35 1,50 to 1,65 1,98 to 2,18 1,25 to 1,35 1,64 to 1,77 

 
In addition, materials which are not yet specified in IEC 60404-8-7 are available, with the 
properties given in table 8. 

Table 8 – Ranges of typical values of maximum specific loss 

 

Nominal 
thickness 

Domain-refined material 

Maximum specific total loss 
at Ĵ  = 1,7 T 

50 Hz 60 Hz 

mm W/kg 

0,23 0,80 to 0,90 1,06 to 1,21 
0,27 0,85 to 0,95 1,12 to 1,25 

 
4.3.2.2.6 Main applications 

These materials are used mainly for the manufacture of magnetic cores in which the magnetic 
flux paths are substantially parallel to the direction of cold-rolling, as for example in 
transformer cores. 

4.3.2.3 Class C23 – Thin silicon steels 

4.3.2.3.1 General Reference document 

These materials are covered by IEC 60404-8-8. 

4.3.2.3.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon, whose 
content may be between 2 % and 4 %. Other alloying elements, namely aluminium, may also 
be present. The material also contains unavoidable impurities, together with a low level of 
other elements which may arise from additions necessitated during the manufacturing 
process. 

4.3.2.3.3 Basis of subclassification 

The recommended subclassification is based on the magnetic anisotropy and the specific total 
loss which is a function of thickness, magnetic polarization value and test frequency. 
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4.3.2.3.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets. 

4.3.2.3.5 Physical characteristics 

In addition to the values of specific total loss, a more complete definition of these materials 
can be based on the following characteristics: 

• magnetic: magnetic polarization for different at various values of the magnetic 
field strength; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: ductility, stacking factor, flatness, edge camber; 

• metallurgical state:   annealed and fully recrystallized; 

• dimensions: thickness, width and (if required) length. 

The specified values of maximum specific total loss for the commonly used thicknesses are 
shown in table 9 the corresponding product specification. 

Table 9 – Specified values of maximum specific total loss 

 

Type 

 
Nominal 

thickness 

Maximum specific 
total loss at  = 

 
Frequency 

1 T 1,5 T 

mm W/kg Hz 

Grain-oriented 0,05 24 – 1 000 
 0,1 – 15 400 
 0,15 – 16 400 

Non-oriented 0,05 45 – 1 000 
0,1 13 – 400 

 0,15 14 – 400 
 0,2 15 – 400 

 
The magnetic properties are determined in accordance with IEC 60404-10 and, except for the 
non-oriented material of 0,2 mm thickness, on the test specimens which have been annealed 
in accordance with the recommendations of the manufacturer are prepared as described in 
the specification. 

4.3.2.3.6 Main applications 

These materials are mainly used in magnetic circuits of transformers and rotating machines 
operating at frequencies above 100 Hz. 

4.3.2.4 Class C24 – Steels with specified mechanical properties and specific total 
loss 

4.3.2.4.1 General Reference document 

These materials are not covered by an IEC publication. 

Ĵ
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4.3.2.4.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon whose 
content may be between 2 % and 5 %. Other alloying elements, such as aluminium, 
manganese, may be added to increase strength and improve magnetic properties. The 
material also contains unavoidable impurities, together with a low level of other elements 
which may arise from additions necessitated during the manufacturing process. 

4.3.2.4.3 Basis of subclassification 

The recommended subclassification is based on the yield strength. 

4.3.2.4.4 Available forms 

These materials are normally supplied in the form of cold-rolled and final annealed coils or 
sheet. 

4.3.2.4.5 Physical characteristics 

In addition to the yield strength, a more complete definition of these materials can be based 
on the following characteristics: 

• magnetic: specific total loss, magnetic polarization for different at various 
values of the magnetic field strength; 

• electrical: surface insulation and its resistance, resistivity; 

• mechanical: tensile strength, elongation, hardness, stacking factor; 

• metallurgical state: fully processed, i.e. final annealed; 

• dimensions: thickness, width and (if required) length. 

Typical values of mechanical and magnetic properties for the thickness of 0,50 mm are given 
in table 10. 

Table 10 – Typical values of mechanical and magnetic properties for the thickness  
of 0,50 mm 

 
Yield strength 

Specific total 
loss at 

 = 1,5 T and f = 50 Hz 

Magnetic 
polarization at 

H = 5 kA/m 

 
Stacking 

factor 

(L) (L + C) (L + C)  

N/mm2 W/kg T % 

470 4,6 1,69 98,0 
620 6,7 1,63 98,0 

NOTE L = parallel to rolling direction; 

 C = perpendicular to rolling direction. 

 
4.3.2.4.6 Main applications 

These materials are generally used under conditions of alternating flux for the stressed parts 
of magnetic circuits such as rotors of high-speed rotating electric machines. 

4.3.2.5 Class C25 – 6,5 % silicon steels 

4.3.2.5.1 General Reference document 

These materials are not covered by an IEC publication. 

Ĵ
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4.3.2.5.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon whose 
content may be between 6 % and 7 %. Other alloying elements may also be present. The 
material also contains unavoidable impurities, together with a low level of other elements 
which may arise from additions necessitated during the manufacturing process. 

4.3.2.5.3 Basis of subclassification 

The recommended subclassification is based on the specific total loss which is a function of 
thickness, magnetic polarization value and test frequency. Specific total loss is determined in 
accordance with IEC 60404-10, using sheared specimens consisting of half the strip taken 
parallel and half taken perpendicular to the axis of rolling. 

4.3.2.5.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets. 

4.3.2.5.5 Physical characteristics 

In addition to the values of specific total loss, a more complete definition of these materials 
can be based on the following characteristics: 

• magnetic: magnetic polarization for different at various values of magnetic 
field strength; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: stacking factor, flatness, edge camber; 

• metallurgical state: fully processed, i.e. final annealed; 

• dimensions: thickness, width and (if required) length. 

As an information, particular features of this material are: 

• a nearby zero magnetostriction of almost 1 x 10-7 at 1 T and 400 Hz when measured with 
an optical fiber displacement meter. 

• the losses measured according to IEC 60404-10 for a material of 0,10 mm thickness at 1 T 
and 400 Hz is around 6 W/kg and at 0,05 T and 20 kHz around 7 W/kg. 

Typical values of magnetic properties are given in table 11. 

Table 11 – Typical values of magnetic properties 

 
Nominal thickness 

Maximum 
specific total loss at 

= 1,0 T 

Magnetostriction 
(peak to peak) 

at 1,0 T and 400 Hz 

mm W/kg Hz × 10–7 

0,05 20,0 1 000 1,2 
0,10 6,0 400 1,2 
0,20 8,0 400 1,2 
0,30 10,0 400 1,2 

Specific total loss is determined in accordance with IEC 60404-10, using sheared specimens 
consisting of half the strip taken parallel and half taken perpendicular to the axis of rolling. 

Magnetostriction is measured at  = 1,0 T and f = 400 Hz, using an optical fibre displacement 
meter. 

Ĵ

Ĵ
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4.3.2.5.6 Main applications 

These materials are generally used in magnetic circuits of the electrical apparatus operating 
at frequencies above 100 Hz, which require low noise output and low core loss at higher 
frequency, such as high-frequency transformers, reactors and the motors used in portable 
electrical apparatus. 

4.4 Class D – Other steels 

4.4.1 Class D1 – Bulk material 

4.4.1.1 Class D11 – Cast solid steels 

4.4.1.1.1 General Reference document 

These materials are not covered by an IEC publication. 

4.4.1.1.2 Chemical composition 

The basic constituent of these materials is iron containing unavoidable impurities. The main 
alloying elements are carbon, whose content is lower than 0,45 %, and other elements 
(namely chromium, nickel, manganese, molybdenum and silicon) which may be necessary to 
develop the required properties. 

4.4.1.1.3 Basis of subclassification 

The recommended subclassification is based on the yield strength or 0,2 % proof stress, 
which are a function of chemical composition and heat treatment. 

4.4.1.1.4 Available forms 

These materials are usually supplied in the form of castings in a final heat-treated condition or 
partially machined to drawings supplied by the user. 

4.4.1.1.5 Physical characteristics 

In addition to the values of yield strength, a more complete definition of the material may be 
based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
coercivity; 

• electrical: resistivity; 

• mechanical: tensile strength, elongation, impact properties, freedom from 
defects; 

• metallurgical state: either normalized and tempered or quenched and tempered. 

Mechanical and non-destructive tests are made in accordance with the appropriate 
ISO standards. Coercivity is measured in accordance with IEC 60404-7, other magnetic 
properties in accordance with IEC 60404-4. 
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Typical ranges of magnetic and mechanical properties are given in table 12. 

Table 12 – Typical ranges of magnetic and mechanical properties 

 
Yield 

strength 

 
Tensile 

strength 

 
Elongation 

 

 

Impact values 
Magnetic polarization at  = 

2 500 A/m 5 000 A/m 10 000 A/m 

N/mm2 N/mm2 % J T 

200 to 500 350 to 700 25 to 12 50 to 20 1,50 to 1,30 1,65 to 1,50 1,80 to 1,65 

 
4.4.1.1.6 Main applications 

The materials are used in the magnetic circuits of electrical apparatus, where a certain 
mechanical strength is required, particularly in parts of rotating machinery such as rotors, pole 
pieces, pressure plates and magnet frames. 

4.4.1.2 Class D12 – Forged solid steel 

4.4.1.2.1 General Reference document 

These materials are not covered by an IEC publication. 

4.4.1.2.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying elements are carbon whose 
content may vary from 0,15 % to 0,5 % and other alloying elements such as nickel (up to 
4 %), chromium (up to 1,8 %), molybdenum (up to 0,5 %), vanadium (up to 0,12 %) and 
manganese (up to 1,9 %), depending on the mechanical properties required and the size of 
the forgings. The material also contains unavoidable impurities together with a low content of 
other elements (Si, Al) which may arise from additions necessitated during the manufacturing 
process. 

4.4.1.2.3 Basis of subclassification 

The recommended subclassification is based on the yield strength or 0,2 % proof stress which 
are normally a function of chemical composition and heat treatment. 

4.4.1.2.4 Available forms 

The materials are usually supplied in the form of forgings in a finally heat-treated and partially 
machined condition to drawings supplied by the user. 

4.4.1.2.5 Physical characteristics 

In addition to the values of yield strength, a more complete definition of these materials can 
be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• electrical: resistivity; 

• mechanical: tensile strength, elongation, impact properties, bend test, freedom 
from defects; 

• metallurgical state: either normalized and tempered or quenched and tempered; 

• dimensions: according to drawings supplied by the user. 

Mechanical and non-destructive tests are made in accordance with the appropriate ISO 
standards. Magnetic properties are measured in accordance with IEC 60404-4. 
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Typical ranges of mechanical properties are given in table 13. 

Table 13 – Typical ranges of mechanical properties 

Yield strength Tensile strength 
Elongation 

 
Impact values 
V-notch test 

N/mm2 N/mm2 % J 

200 to 800 300 to 1 000 20 to 12 136 to 16 

4.4.1.2.6 Main applications 

These materials are used in magnetic circuits of electrical apparatus, particularly in the 
stressed parts of rotating machines such as shafts for rotating machines, pole shoes, pole 
bodies and pole endplates. 

4.4.2 Class D2 – Flat material 

4.4.2.1 Class D21 – High strength steels – Steel with specified mechanical properties 
and permeability 

4.4.2.1.1 General Reference document 

These materials are covered by IEC 60404-8-5. 

4.4.2.1.2 Chemical composition 

The basic constituent of these materials is iron. Alloying elements may be carbon or others, 
for example silicon. The material also contains unavoidable impurities and a low level of other 
elements which may arise from additions necessitated during the manufacturing process. 

4.4.2.1.3 Basis of subclassification 

The recommended subclassification is based on the 0,2 % proof stress value. 

4.4.2.1.4 Available forms 

The materials are normally supplied in the form of coils or sheet. 

4.4.2.1.5 Physical characteristics 

In addition to the proof stress values, a more complete definition of these materials can be 
based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
from which the relative permeability can be derived; 

• electrical: resistivity; 

• mechanical: tensile strength, elongation, surface condition, suitability for 
punching operations, flatness, edge camber; 

• metallurgical state: hot-rolled, hot-rolled and temper-rolled, cold-rolled and final 
annealed, cold-rolled, annealed and temper-rolled; 

• dimensions: thickness, width and (if required) length. 

The values of nominal thickness normally recommended lie in the range from 0,5 mm to 
4,5 mm. 

Ranges of specified values of mechanical and magnetic properties are shown in table 14 for 
hot-rolled and in table 15 for cold-rolled products the corresponding product specification. 
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Table 14 – Ranges of specified values of mechanical and magnetic characteristics 
of hot-rolled products 

Minimum 
0,2 % 

proof stress 

 
Minimum 

tensile strength 

Minimum 
elongation 

after fracture 
Lo = 80 mm 

Minimum magnetic 
polarization at H = 

5 000 A/m 15 000 A/m 

N/mm2 N/mm2 % T 

250 to 700 350 to 800 22 to 10 1,60 to 1,46 1,80 to 1,78 

Table 15 – Ranges of specified values of mechanical and magnetic characteristics 
of cold-rolled products 

Minimum 
0,2 % 

proof stress 

 
Minimum 

tensile strength 

Minimum 
elongation 

after fracture 
Lo = 80 mm 

Minimum magnetic 
polarization at H = 

5 000 A/m 15 000 A/m 

N/mm2 N/mm2 % T 

250 to 400 325 to 450 16 to 10 1,60 to 1,50 1,83 to 1,80 

 
4.4.2.1.6 Main applications 

These materials are generally used under conditions of DC magnetization for the stressed 
parts of the magnetic circuits of rotating electrical machines, particularly spiders, rims and 
poles. 

4.4.3 Class D3 – Stainless steels 

4.4.3.1 General Reference document 

These materials are presently not covered by an IEC publication. 

4.4.3.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is chromium in the 
range of 11 % to about 20 %. Other alloying elements, for example silicon and manganese, 
may also be present. The material also contains unavoidable impurities, together with a low 
level of other elements which may arise from additions necessitated during the manufacturing 
process, to improve machinability for example sulphur, selenium or lead or to enhance 
corrosion resistance for example molybdenum, titanium or niobium. As compared to 
conventional stainless steels, grades developed for magnetic applications have more stringent 
chemical and processing limits to yield more consistent magnetic performance. 

4.4.3.3 Basis of subclassification 

The recommended subclassification is based on chromium content and fabrication 
characteristics according to table 16. 

Table 16 – Ranges of chemical composition 

 
Grade 

Cr Si Mo Mn C S* 

% 

D31-01 11 to 13 Up to 1,5 Up to 0,5 Up to 0,8 Up to 0,065 Up to 0,025 

D31-02 11 to 13 Up to 1,5 Up to 0,5 Up to 0,8 Up to 0,065 0,25 to 0,40 

D31-03 16,5 to 18,5 Up to 1,5 Up to 0,5 Up to 0,8 Up to 0,065 Up to 0,025 

D31-04 16,5 to 18,5 Up to 1,5 Up to 0,5 Up to 0,8 Up to 0,065 0,25 to 0,40 

D31-05 16,5 to 18,5 Up to 1,5 1,0 to 2,5 Up to 1,0 Up to 0,065 Up to 0,03 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


 – 24 – IEC 60404-1:2016 RLV © IEC 2016 

D31-06 16,5 to 18,5 Up to 1,5 1,0 to 2,5 Up to 1,0 Up to 0,065 0,25 to 0,40 

* Selenium and lead may be added instead or in addition to sulphur. 

 
Grades D31-01, D31-03 and D31-05 are intended for applications requiring good cold forming 
characteristics and weldability. Grades D31-02, D31-04 and D31-06 are intended for 
applications requiring improved machinability. Grades D31-01 and D31-02 have reduced 
chromium contents for reduced alloy cost and higher saturation polarization. They are, 
however, only suitable for moderately corrosive environments. Grades D31-03 and D31-04 
are intended for use in more corrosive environments, while grades D31-05 and D31-06 are 
intended for use in the most corrosive environments though with some reduction in magnetic 
performance. 

4.4.3.4 Available forms 

The materials are normally supplied as billet, bar, rod, wire, sheet or strip. 

4.4.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: saturation magnetic polarization, maximum permeability, remanent 
magnetic polarization, coercivity; 

• electrical: resistivity; 

• mechanical: machinability, cold formability, weldability, hardness; 

• chemical: corrosion resistance. 

Although the chromium content influences the magnetic polarization and electrical resistivity, 
it does not have a pronounced effect on maximum permeability and coercivity. 

Table 17 – Typical magnetic properties of materials in the fully processed state 

 

Grade 

 
Resistivity Maximum 

permeability 
 

Coercivity 
Magnetic polarization at H = 

300 A/m 500 A/m 1 kA/m 8 kA/m 

µΩm  A/m T 

D31-01 0,55 2 000 200 1,2 1,3 1,35 1,6 
D31-02 0,55 2 000 200 1,2 1,3 1,35 1,6 
D31-03 0,75 2 000 200 0,95 1,1 1,2 1,45 
D31-04 0,75 2 000 200 0,95 1,1 1,2 1,45 
D31-05 0,75 1 300 240 0,5 0,6 0,8 1,1 
D31-06 0,75 1 300 240 0,5 0,6 0,8 1,1 

 
4.4.3.6 Main applications 

These materials are used in magnetic cores and other parts requiring a high-permeability 
stainless steel having low coercive force and low residual magnetism: magnetic solenoid 
valves and automotive electromechanical devices such as fuel injectors and anti-lock braking 
systems. 

4.5 Class E – Nickel-iron alloys 

4.5.1 Class E1 – Nickel content 72 70 % to 83 85 % 

4.5.1.1 General Reference document 

These materials are covered by IEC 60404-8-6. 
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4.5.1.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
72 70 % to 83 85 %. Alloying elements such as molybdenum, copper, manganese, chromium 
or silicon may be added to increase resistivity and improve magnetic properties. The materials 
also contain unavoidable impurities, together with a low level of other elements which may 
arise from additions necessitated during the manufacturing process. 

4.5.1.3 Basis of subclassification 

The recommended subclassification is based on the coercivity or the amplitude permeability 
at a magnetic field strength of 0,4 A/m and the shape of the hysteresis loop: round, flat or 
rectangular. 

4.5.1.4 Available forms 

The materials are available as hot-rolled sections and strip, forgings, cold-drawn wire and 
cold-rolled sheets, strip. They are commonly supplied in the semi-processed state, but a 
number of materials, particularly those with flat or rectangular hysteresis loop, are available in 
the final heat-treated state for example as toroidal strip wound cores. 

4.5.1.5 Physical characteristics 

A more complete definition of the material can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
saturation magnetic polarization, coercivity, maximum amplitude 
permeability, remanent magnetic polarization and static excursion 
range of magnetic polarization; 

• electrical: resistivity; 

• mechanical: suitability for punching, deep drawing operations or winding; 

• metallurgical state: semi-processed state, i.e. hot- or cold-worked, the materials require 
a heat treatment to develop their full magnetic properties; fully 
processed state, i.e. finally annealed. 

Values for magnetic properties in the fully processed state are given in tables 18 to 20. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6 
according to product form. 

Table 18 – Specified magnetic properties of material with a round hysteresis loop 

 
 

Grade1) 

 
Maximum 

coercivity2) 

Minimum 
amplitude 

permeability3) 
at H = 0,4 A/m 

Minimum magnetic polarization at H = 

20 A/m 50 A/m 100 A/m 500 A/m 4 000 A/m 

A/m 103 T 

E 11 1 to 4 100 to 30 0,50 0,65 0,70 0,73 0,75 

1) Improved grades with minimum amplitude permeability up to 250 000 at H = 0,4 A/m are available. 
2) Only for thicknesses t > 0,4 mm. 
3) Only for thicknesses 0,4 mm ≤ t ≤ 1,5 mm. 
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Table 19 – Typical magnetic properties of material with a flat hysteresis loop 

Saturation 
magnetic 

polarization 

Remanent 
magnetic 

polarization 

Measuring point 
amplitude of 

magnetic field 
strength 

Amplitude 
of magnetic 
polarization 

Static excursion 
range of magnetic 

polarization 
f = 50 Hz 

T T A/m T T 

0,74 0,2 1,5 0,22 0,18 
0,74 0,15 5 0,44 0,35 
0,74 0,1 10 0,44 0,38 

 
Table 20 – Typical magnetic properties of material with a rectangular hysteresis loop 

Saturation 
magnetic 

polarization 

 
Coercivity 

Remanent 
magnetic 

polarization 

Maximum 
amplitude 

permeability 

T A/m T  

0,8 0,8 0,73 250 000 

 
4.5.1.6 Main applications 

The materials are used where high permeability at low magnetic field strength in combination 
with high remanent or saturation magnetic polarization is required. 

• Round hysteresis 
loop: 

measuring instruments, current transformers, low-power 
transformers, relay parts, transducers, protective ground-fault 
circuit breakers, rotor and stator laminations, magnetic shielding; 

• Flat hysteresis loop: pulse transformers, thyristor protective chokes, protective ground-
fault circuit-breakers; 

• Rectangular 
hysteresis loop: 

magnetic amplifiers, AC/DC converters, saturable inductors, pulse 
transformer cores. 

4.5.2 Class E2 – Nickel content 54 % to 68 % 

4.5.2.1 General Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.2.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
54 % to 68 %. In some instances, part of the nickel may be replaced by cobalt. Additionally, 
molybdenum, copper, manganese, chromium or silicon may be present to increase resistivity 
and improve magnetic properties. The materials also contain unavoidable impurities, together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. 

4.5.2.3 Basis of subclassification 

A possible basis is the shape of the hysteresis loop: round or flat (magnetic field annealed). 

4.5.2.4 Available forms 

The materials are available as semi-processed cold-rolled strip or fully processed strip-wound 
cores. 
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4.5.2.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum amplitude permeability, saturation magnetic polarization, 
remanent magnetic polarization, coercivity; 

• electrical: resistivity; 

• mechanical: suitability for winding operations;  

• metallurgical state: semi-processed state, i.e. cold-rolled or fully processed state, i.e. 
final annealed (with or without magnetic field); 

Typical values for magnetic properties in the fully processed state are given in tables 21 
and 22 the corresponding product specification. 

Magnetic measurements are made in accordance with IEC 60404-6. 

Table 21 – Typical magnetic properties of material with a round hysteresis loop 

 
Grade 

 
Coercivity 

Amplitude 
permeability  

at H = 0,4 A/m 

Maximum 
amplitude 

permeability 

 A/m   

E 21 1,2 50 000 110 000 

 
Table 22 – Typical magnetic properties of material with a flat hysteresis loop 

 
Coercivity 

Saturation 
magnetic 

polarization 

Static excursion range 
of magnetic 
polarization 

Remanent 
magnetic 

polarization 

A/m T T T 

5 to 7 1,5 to 1,25 0,8 0,2 to 0,1 

 
4.5.2.6 Main applications 

The materials are used where high permeability at low magnetic field strength is required. 

• Round hysteresis 
loop: 

protective ground-fault circuit-breakers, transducers, measuring 
transformers; 

• Flat hysteresis loop: protective ground-fault circuit-breakers, pulse transformers, 
thyristor protective choke. 

4.5.3 Class E3 – Nickel content 45 40 % to 50 51 % 

4.5.3.1 General Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.3.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
45 40 % to 50 51 %. Alloying elements such as molybdenum, manganese, copper, chromium 
or silicon may be added to increase resistivity and improve magnetic properties. The materials 
also contain unavoidable impurities, together with a low level of other elements which may 
arise from additions necessitated during the manufacturing process. 
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4.5.3.3 Basis of subclassification 

The recommended subclassification is based on the amplitude permeability at a magnetic 
field strength of 0,4 A/m or the shape of the hysteresis loop: round (isotropic), flat (magnetic 
field annealed) or rectangular (anisotropic). 

4.5.3.4 Available forms 

The isotropic materials are available as hot-rolled sections and strip, forgings, cold drawn wire 
and cold-rolled sheet and strip. 

The materials with flat hysteresis loop are available as strip-wound core. 

The anisotropic materials are available as cold-rolled strip or tape. 

4.5.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
saturation magnetic polarization, coercivity, remanence ratio; 

• electrical: resistivity; 

• mechanical: suitability for punching or deep drawing operation; 

• metallurgical state: semi-processed state: i.e. hot- or cold-worked, annealed; the 
materials require a heat treatment to develop their full magnetic 
properties; fully processed state: i.e. finally annealed. 

Values for magnetic properties in the fully processed state are given in tables 23 to 25 the 
corresponding product specification. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Table 23 – Specified magnetic properties1) of material with a round hysteresis loop 

 

 
Grade 

 
Maximum 
coercivity 

Minimum 
amplitude 

permeability2) 
at H = 0,4 A/m 

Minimum magnetic polarization at H = 

20 A/m 50 A/m 100 A/m 500 A/m 4 000 A/m 

A/m 103 T 

E 31 6 to 12 10 to 4 0,5 0,9 1,1 1,35 1,45 

1) Only for thicknesses t > 0,4 mm. 

2) Only for thicknesses 0,4 mm ≤ t ≤ 1,5 mm. 

 
Table 24 – Typical magnetic properties of material with a flat hysteresis loop 

 
Coercivity 

Saturation 
magnetic 

polarization 
Static excursion range 

of magnetic polarization 
Remanent 
magnetic 

polarization 

A/m T T T 

7 1,52 1,1 0,08 to 0,23 
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Table 25 – Typical magnetic properties of material with a rectangular hysteresis loop 

Saturation 
magnetic 

polarization 

 
Coercivity 

Remanent 
magnetic 

polarization 
Maximum 

amplitude permeability 

T A/m T 

1,55 to 1,60 12 to 8 1,5 to 1,57 50 000 to 70 000 

 
4.5.3.6 Main applications 

The materials are used where high permeability at low magnetic field strength in combination 
with high remanent or saturation magnetic polarization is required. 

• Round hysteresis 
loop: 

measuring instruments, current transformers, low-power 
transformers, relay parts, transducers, protective ground-fault 
circuit-breakers, rotor and stator laminations, magnetic shielding, 
sensors; 

• Flat hysteresis loop: pulse transformers, thyristor protective chokes, protective ground 
fault circuit breakers; 

• Rectangular 
hysteresis loop: 

magnetic amplifiers, AC/DC converters, saturable inductors, pulse 
transformer cores. 

4.5.4 Class E4 – Nickel content 35 % to 40 % 

4.5.4.1 General Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.4.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
35 % to 40 %. Alloying elements such as molybdenum, manganese, copper, chromium or 
silicon may be added to increase resistivity and improve magnetic properties. The materials 
also contain unavoidable impurities, together with a level of other elements which may arise 
from additions necessitated during the manufacturing process. 

4.5.4.3 Basis of subclassification 

The recommended subclassification is based on the coercivity or the amplitude permeability 
at a magnetic field strength of 1,6 A/m. 

4.5.4.4 Available forms 

The materials are available as hot-rolled sections and strips, forgings, cold-drawn wire and 
cold-rolled sheet and strip. It is commonly supplied in the semi-processed state, but a number 
of materials are available in the fully processed state. 

4.5.4.5 Physical characteristics 

A more complete definition of the material can be based on the following characteristics: 

• magnetic: coercivity, magnetic polarization at various values of magnetic field 
strength; 

• electrical: resistivity; 

• mechanical: suitability for punching and deep drawing operations; 

• metallurgical state: semi-processed state: i.e. hot- or cold-worked, annealed, the 
materials require a heat treatment to develop their full magnetic 
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properties; fully processed state: i.e. finally annealed. 

Specified values for magnetic properties of materials in the fully processed state are given in 
table 26 the corresponding product specification. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Table 26 – Specified magnetic properties of materials in the fully processed state 

 

 
Grade3) 

 
Maximum 

coercivity2) 

Minimum 
amplitude 

permeability1) 

at H = 1,6 A/m 

Minimum magnetic polarization2) 

at H = 

20 A/m 50 A/m 100 A/m 500 A/m 4 000 A/m 

A/m  T 

E 41-02 – 2 200 – – – – – 
E 41-03 24 2 900 0,20 0,45 0,70 1,00 1,18 

1) Only for thicknesses 0,1 mm ≤ t ≤ 0,38 mm. 
2) Only for thicknesses t > 0,4 mm. 
3) Improved grades with minimum amplitude permeability up to 9 000 at H = 0,4 A/m are available. 

 
4.5.4.6 Main applications 

The materials are used for high-frequency and pulse applications, telecommunication 
translators, high-frequency filters or transformers, blocking transformers, pulse transformers, 
magnetic shields. 

4.5.5 Class E5 – Nickel content 29 % to 33 % 

4.5.5.1 General Reference document 

These materials are not covered by an IEC publication. 

4.5.5.2 Chemical composition 

The basic constituents of these materials are iron and nickel. The Curie temperature is 
strongly dependent on the nickel content. Alloying elements such as copper may be added to 
improve magnetic performance. The materials also contain unavoidable impurities together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. 

4.5.5.3 Basis of subclassification 

A possible basis of subclassification is the maximum service temperature. 

4.5.5.4 Available forms 

The materials are supplied as cold-rolled strip or cold-drawn wire usually in the fully 
processed condition. 

4.5.5.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 

• magnetic: change of magnetic polarization with temperature for a given 
magnetic field strength and a given range of temperature; 

• electrical: resistivity; 
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• metallurgical state: semi-processed, i.e. cold-rolled or cold-drawn; 
fully processed, i.e. final annealed. 

Typical values of characteristic magnetic properties in the fully processed state are given in 
table 27. 

Table 27 – Typical magnetic properties 

Curie 
temperature 

Magnetic polarization 
at 0 °C and at H = 10 kA/m 

∆B/∆T 
at H = 10 kA/m 

°C T T/K 

30 to 120 0,15 to 0,7 –0,005 to –0,007 

 
4.5.5.6 Main applications 

Temperature compensators (magnetic shunts) for permanent magnet measuring devices 
especially for electric current (watt-hour) meters and automotive voltage regulators. 

4.6 Class F – Iron-cobalt alloys 

4.6.1 Class F1 – Cobalt content 47 % to 50 % 

4.6.1.1 General Reference document 

These materials are covered by IEC 60404-8-6. 

4.6.1.2 Chemical composition 

The basic constituents of these materials are iron and cobalt whose content is in the range of 
47 % to 50 %. Alloying elements such as vanadium, chromium, zirconium, niobium or 
tantalum may be added to improve ductility. 

4.6.1.3 Basis of subclassification 

The recommended subclassification is based on the coercivity and the shape of the hysteresis 
loop. 

4.6.1.4 Available forms 

The materials with round hysteresis loop are supplied as hot-rolled rectangular and round 
bars, cold-drawn wire, strip and sheet, forgings and cold-rolled strip. Materials with 
rectangular hysteresis loop are available as strip or tape or as strip wound cores. 

4.6.1.5 Physical characteristics 

A more complete definition of the material can be based on the following characteristics: 

• magnetic: maximum relative permeability, saturation magnetic polarization, 
magnetic polarization for various values of magnetic field strength, 
remanence, coercivity, specific total loss; 

• mechanical: suitability for punching operations in the cold-worked state, 
machinability in the hot-worked or heat-treated state, yield strength; 

• metallurgical state: materials with round hysteresis loop are commonly supplied in the 
semi-processed state i.e. hot- or cold-worked and require a heat 
treatment to develop their full magnetic properties; materials with 
rectangular hysteresis loop are supplied in the fully processed 
state, i.e. finally annealed; the materials require a heat treatment to 
develop their full magnetic properties. 
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Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Values for magnetic properties of final annealed material are given in tables 28 and 29 the 
corresponding product specification. 

Table 28 – Ranges of specified magnetic properties of material with  
a round hysteresis loop 

 

Grade 
Maximum 
coercivity 

Minimum magnetic polarization at H = 

300 A/m 800 A/m 1 600 A/m 4 000 A/m 8 000 A/m 

A/m T 

F 11 60 to 240 1,8 to 1,4 2,1 to 1,7 2,2 to 1,9 2,25 to 2,05 2,25 to 2,15 

 
Table 29 – Typical magnetic properties of material 

with a rectangular hysteresis loop 

 
Grade 

Coercivity Remanence 

A/m T 

F 12 20 to 40 1,90 to 2,10 

 
4.6.1.6 Main applications 

Isotropic The materials are used in applications involving extremely high magnetic 
polarizations in low or medium magnetic fields such as motors and generators with highest 
power density, actuators, transformers, relays, electromagnetic and electro-mechanical 
devices for aeronautical or aerospace equipment, telephone membranes, pole pieces for 
electromagnets, magnetic lenses and magnetic bearings. 

Anisotropic materials are used for space-saving highly loaded magnetic amplifiers and 
special-purpose transformers. 

4.6.2 Class F2 – Cobalt content 35 % 

4.6.2.1 General Reference document 

These materials are covered by IEC 60404-8-6. 

4.6.2.2 Chemical composition 

The basic constituents of these materials are iron and cobalt the content of which is 
approximately 35 %. Alloying elements such as vanadium or chromium may be added to 
improve ductility. 

4.6.2.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.6.2.4 Available forms 

The materials are available as hot-rolled strip and sheet, forgings and castings. 

4.6.2.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 
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• magnetic: magnetic polarization for at various values of magnetic field 
strength, saturation magnetic polarization; 

• mechanical: machinability in the hot-worked or heat-treated state; 

• metallurgical state: semi-processed state, i.e. hot-rolled or hot-worked; the material 
requires a heat treatment to develop its full magnetic properties. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Specified values for magnetic properties of the final annealed materials are given in table 30 
the corresponding product specification. 

Table 30 – Specified magnetic properties 

 

Grade 
Maximum 
coercivity 

Minimum magnetic polarization at H = 

800 A/m 1 600 A/m 4 000 A/m 8 000 A/m 

A/m T 

 

F 21 

Bulk 
material 

 

300 
1,2 1,3 – – 

Strip 
or sheet 1,5 1,6 2,0 2,2 

 
4.6.2.6 Main applications 

The materials are mainly used for applications involving either extremely high magnetic 
polarizations or unusually high temperatures and as pole pieces for electromagnets. 

4.6.3 Class F3 – Cobalt content 23 % to 27 30 % 

4.6.3.1 General Reference document 

These materials are covered by IEC 60404-8-6. 

4.6.3.2 Chemical composition 

The basic constituents of these materials are iron and cobalt of which the content is in the 
range of 23 % to 27 30 %. Alloying elements such as vanadium, niobium, molybdenium or 
chromium may be added to improve ductility. 

4.6.3.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.6.3.4 Available forms 

The materials are available as hot-rolled round bars, hot-rolled sheet and strip, forgings, cold-
drawn wire and cold-rolled strip and tape. 

4.6.3.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 

• magnetic: magnetic polarization for at various values of magnetic field 
strength, saturation magnetic polarization; 

• mechanical: ductility; suitability for punching operations in the cold-worked state 
and machinability in the hot-worked or heat-treated state; 
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• metallurgical state: semi-processed state, i.e. hot-rolled, cold-rolled, forged, cast or 
cold-drawn. The material requires a heat treatment to develop its 
full magnetic properties. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Specified values for the magnetic properties of final annealed material are given in table 31 
the corresponding product specification. 

Table 31 – Specified magnetic properties 

 

Grade 

 
Maximum 
coercivity 

Minimum magnetic 
polarization at H = 

4 000 A/m 8 000 A/m 

  A/m T 

 

F 31 

Bulk 
material 

 

300 
1,1 1,75 

Strip 
or sheet 1,85 2,0 

 
4.6.3.6 Main applications 

These materials are mainly used for applications involving either extremely high magnetic 
polarizations or particularly high temperatures, such as for electromagnetic and electro-
mechanical devices for aeronautical or aerospace equipment, especially when subjected to 
mechanical load in service such as liquid metal pumps and magnetic bearings. They are also 
used for pole pieces for electromagnets. 

4.7 Class G – Other alloys 

4.7.1 Class G1 – Aluminium-iron alloys 

4.7.1.1 General Reference document 

These materials are not covered by an IEC publication. 

4.7.1.2 Chemical composition 

The basic constituents of these materials are iron and aluminium whose content may be 
between 12 % and 16 %, together with unavoidable impurities. These materials may contain 
additions of chromium and rhenium to improve the magnetic properties of the alloy. 

4.7.1.3 Basis of subclassification 

The recommended subclassification is based on the aluminium content. 

4.7.1.4 Available forms 

The materials are normally supplied in the form of hot-rolled bars, strips and sheets or cast or 
sintered structural parts. 

4.7.1.5 Physical characteristics 

In addition to aluminium content, a more complete definition of the materials can be based on 
the following properties: 

• magnetic: initial and maximum permeability, coercivity, saturation magnetic 
polarization, magnetostriction; 
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• mechanical: hardness, suitability for punching operations, surface condition; 

• metallurgical state: hot-rolled, cast, sintered; 

• dimensions: thickness, width (as required), diameter. 

4.7.1.6 Main applications 

The materials are used in the manufacture of laminated cores for magnetic heads and 
ultrasonic transducers or as structural parts of magnetic circuits. 

4.7.2 Class G2 – Aluminium-silicon-iron alloys 

4.7.2.1 General Reference document 

These materials are not covered by an IEC publication. 

4.7.2.2 Chemical composition 

The basic constituents of these materials are iron, aluminium, the content of which may be 
between 5 % to 6,5 %, and silicon, the content of which may be between 7 % and 9,5 %, 
together with unavoidable impurities. These alloys may contain additions of titanium, cerium, 
niobium and vanadium to improve magnetic and mechanical properties. 

4.7.2.3 Basis of subclassification 

The recommended subclassification is based on the initial permeability. 

4.7.2.4 Available forms 

The materials are normally supplied in the form of castings or of semi-processed products, for 
example, powder. 

4.7.2.5 Physical characteristics 

In addition to the initial permeability, a more complete definition of the materials can be based 
on the following characteristics: 

• magnetic: saturation magnetic polarization, coercivity, initial permeability, 
maximum permeability; 

• electrical: resistivity; 

• mechanical: hardness; 

• metallurgical state: as cast; 

• dimensions: determined by application. 

4.7.2.6 Main applications 

The materials are used for the parts of magnetic circuits, magnetic heads and as semi-
processed products, for example, powder. 

4.8 Class H – Magnetically soft materials made by powder metallurgical techniques 

4.8.1 Class H1 – Soft ferrites 

4.8.1.1 General Reference document 

These materials are covered by IEC 60401-3. 
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4.8.1.2 Chemical composition 

The majority of commercially available soft ferrites are polycrystalline ceramics having a cubic 
crystal structure and a typical formula MFe2O4 where M usually represents one or more of the 
divalent transition metals. In the most common materials, M is either a combination of 
manganese and zinc, or of nickel and zinc. 

4.8.1.3 Basis of subclassification 

The recommended subclassification is based on the initial permeability. 

4.8.1.4 Available forms 

Magnetically soft ceramics are generally supplied in the form of magnetic components, for 
which the raw materials are made into powder, formed to the required shape, sintered and 
mechanically finished. Only a very small proportion is supplied as a material in the form of a 
(fully sintered) magnetic powder. 

NOTE Calcined powders for component production should not cannot be considered as ferrite 
material for the purpose of this classification. 

4.8.1.5 Physical characteristics 

A more complete definition of these materials may be based on the following characteristics: 

• magnetic: initial permeability, specific total loss as a function of frequency, 
hysteresis loss as a function of magnetic polarization, temperature 
dependence of permeability, magnetic polarization at various values 
of magnetic field strength, saturation magnetic flux density, 
remanent flux density, coercivity, relative loss factor at low flux 
density, hysteresis material constant, relative temperature factor, 
disaccommodation factor, total harmonic distortion factor, power 
loss (volume) density, amplitude permeability; 

• mechanical: density; 

• thermal: Curie temperature; 

• electrical: resistivity, normalized impedance; 

• shapes: rods, tubes, pins, screw and bobbin drum cores, balun cores, multi-
hole bead, ring cores, pot cores, EP, E, EFD, PQ, pot, PM, RM and 
U cores. 

NOTE Where material values are quoted, these are normally measured on ring cores of stated 
dimensions and it should be noted that identical characteristics cannot always be realized on 
a component of differing geometry. 

Typical ranges of properties for the Mn-Zn- and the Ni-Zn-ferrites are given in tables 32 and 
33 the corresponding product specification. IECNORM.C
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Table 32 – Typical properties for Mn-Zn ferrites 

 

Initial 
permeability 

Relative 
loss 

factor at 
f = 50 kHz 

Hysteresis 
material 
constant 

Temperature 
coefficient 

of 
permeability

* 

Disaccom
- 

modation 
at 40 °C 

Magnetic 
polarization 

at 
H = 1 000 A/m 

 
Curie 

temperature 

 

Resistivity 

10–6 T–1 10–6/K 10–6 mT K Ωm 

700 to 10 000 1 to 20 0,8 to 2 0 to 8 2 to 10 300 to 480 390 to 470 0,05 to 5 

* Between 20 °C and 55 °C. 

 
Table 33 – Typical properties for Ni-Zn ferrites 

 

Initial 
permeability 

Relative 
loss 

factor at 
f = 10 MHz 

Hysteresis 
material 
constant 

Temperature 
coefficient 

of  
permeability

* 

Disaccom
- 

modation 
at 40 °C 

Magnetic 
polarization 

at 
H = 3 000 A/m 

 
Curie 

temperature 

 

Resistivity 

10–6 T–1 10–6/K 10–6 mT K Ωm 

10 to 250 100 to 400 10 to 40 0 to 30 <60 50 to 400 520 to 770 103 to 107 

*  Between 20 °C and 55 °C. 

 
The properties depend strongly on the exact composition of the materials, i.e. the metal ions 
and their proportion. The heat treatment including atmosphere and cooling rate are critical 
factors in developing the properties. 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many separate materials, each intended for a relatively 
small group of applications. 

4.8.1.6 Main applications 

Among the most important applications are the following: 

– cores for inductors and transformers operating at frequencies in the range from audio 
frequency to several hundred MHz; 

– cores for pulse transformers up to several hundred MHz; 
– aerial rods; 
– cores for power transformers operating at frequencies in the range from about 5 kHz to 

about 30 MHz; 
– ring cores and multiaperture cores for data storage devices; 
– cores for recording heads; 
– cores for deflection coils on cathode-ray tubes; 
– cores for reciprocal and non-reciprocal microwave devices; 
– beads for RF decoupling and attenuation of unwanted signals. 

4.8.2 Class H2 – Magnetically soft sintered materials 

4.8.2.1 General Reference document 

These materials are covered by IEC 60404-8-9. 
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4.8.2.2 Chemical composition and manufacturing method 

Magnetically soft sintered materials are produced by the powder metallurgical (PM) technique. 
This manufacturing technology allows the economical manufacture of structural parts. An 
additional heat treatment is necessary if the structural parts have to be machined to keep the 
prescribed tolerances or to complete the final shape. 

Besides plain iron FeP-alloys containing 0,3 % to 0,8 % P, FeNi-alloys containing 30 % to 
85 % Ni, FeCo-alloys containing 40 % to 55 % Co and FeSi-alloys containing 0,3 % to 3,5 % 
Si are usual. 

4.8.2.3 Basis of subclassification 

For each alloy the recommended subclassification is based on the coercivity. 

4.8.2.4 Available forms 

Magnetically soft sintered materials are generally supplied as structural parts. 

4.8.2.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: magnetic polarization at a given various values of magnetic field 
strength, saturation magnetic polarization, maximum permeability; 

• mechanical: density, porosity, hardness; 

• electrical: resistivity. 

Physical and magnetic properties are given in tables 34 and 35 the corresponding product 
specification. 

Table 34 – Ranges of specified properties 

 

Material 

Minimum 
density 

Maximum 
coercivity 

kg/m3 A/m 

Fe 6 400 to 7 300 150 to 1751) 
FeP 6 800 to 7 300 110 to 1501) 
FeNi 7 600 to 8 300 8 to 20 
FeCo 7 700 100 to 200 
FeSi 7 200 to 7 400 50 to 80 

1) With special precautions, lower coercivities are possible. 

 
Table 35 – Typical physical and magnetic properties 

 

 
Material 

 

Porosity 

Magnetic 
polarization 

at 
H = 500 A/m 

Magnetic 
polarization  

at 
H = 80 000 A/m 

Maximum relative 
permeability 

minimum value 

 
Vickers 

hardness 

 

Resistivity 

% T T  HV5 µΩm 

Fe 6 to 16 0,7 to 1,3 1,55 to 1,85 2 000 to 5 500 50 to 70 0,12 to 0,15 

FeP 5 to 10 1,05 to 1,35 1,65 to 1,85 3 400 to 6 900 95 to 105 0,18 to 0,20 

FeNi 3 to 7 0,75 to 1,30 0,80 to 1,55 20 000 to 74 500 70 to 95 0,45 to 0,60 

FeCo 3 1,50 to 1,55 2,15 to 2,20 2 000 to 3 900 190 to 240 0,10 to 0,35 

FeSi 2 to 4 1,35 to 1,40 1,85 to 1,95 8 000 to 9 500 170 to 180 0,45 
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4.8.2.6 Main application 

The materials are used as structural parts in magnetic circuits. 

4.8.3 Class H3 – Powder composites 

4.8.3.1 General Reference document 

These materials are not covered by an IEC publication. 

4.8.3.2 Chemical composition and manufacturing method 

Powder composite materials consist of a basic magnetic powder and inorganic or organic 
electrically insulating additives and binders. 

Pure iron (Fe), iron-silicon (FeSi, FeSiAl) and nickel-iron (FeNi, FeNiMo) powder composites 
are in use. Powder metallurgical techniques such as cold-isostatic pressing, die pressing or 
injection moulding are used for manufacturing. 

4.8.3.3 Basis of subclassification 

For each material the recommended subclassification is based on the initial permeability. 
A possible basis of subclassification is the composition of the alloying elements. 

4.8.3.4 Available forms 

Powder composite materials are supplied as structural parts (powder cores) or cold isostatic 
pressed blanks. In the case of organic bound composites, shaping by machining is possible. 

4.8.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: initial permeability, saturation magnetic polarization, total loss 
density; 

• mechanical: density; 

• electrical: resistivity. 

Typical values for physical and magnetic properties are given in table 36. 

Table 36 – Typical physical and magnetic properties 

 

 
Material 

Initial 
magnetic 

permeability 

Saturation 
magnetic 

polarization 

Total loss 
density  

at J = 0,1 T 
and f = 1 kHz 

 
Electrical 
resistivity 

 T W/m3 Ωm 

Fe-base 10 to 90 0,5 to 2,0 10 to 35 1 to 106 
FeNi-base 10 to 500 0,5 to 1,5 3 to 15 1 to 106 

 
4.8.3.6 Main application 

The materials are used as ring-shaped powder cores for inductive components (storage 
chokes) and as structural parts in motor applications. 
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4.9 Class I – Amorphous soft magnetic materials 

4.9.1 General 

Amorphous alloys are non-crystalline materials which are produced via rapid solidification by 
casting as thin sheets, wires and powders. Due to the lack of long-range atomic order, they 
have no magneto-crystalline anisotropy. Interesting soft magnetic properties are found in Fe-
based alloys with relatively high saturation magnetic polarization and in Co-based alloys with 
near-zero magnetostriction. 

4.9.2 Class I1 – Iron-based amorphous alloys 

4.9.2.1 Reference document 

These materials are not covered by an IEC publication. 

4.9.2.2 Chemical composition 

The basic constituents of these materials are iron and metalloids (mainly silicon and boron) 
the content of which is commonly in the range of 16 % by atoms to 30 % by atoms. These 
alloys may further contain additions of titanium, vanadium, chromium, zirconium, niobium, 
manganese, carbon or molybdenum to improve magnetic and mechanical properties. Part of 
the iron may be substituted by nickel or cobalt. 

4.9.2.3 Basis of subclassification 

The recommended subclassification is based on the saturation magnetic polarization and the 
shape of the hysteresis loop. 

4.9.2.4 Available forms 

The materials are normally supplied in the form of rapidly solidified thin ribbons of typical 
thickness 20 µm to 50 µm and in the form of tape wound cores. 

4.9.2.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 

• magnetic: specific total loss as a function of magnetic polarization and 
frequency, specific apparent power, saturation magnetic 
polarization, magnetostriction, coercivity, initial permeability, 
reversible permeability at various values of magnetic field strength, 
squareness of the B-H loop, remanence; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature; 

• dimensions: thickness, width; 

• mechanical: ductility, stacking factor; 

• metallurgical state: semi-processed state, i.e. as cast. The magnetic properties are 
developed by the heat treatment in a magnetic field. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. 

Typical physical and magnetic properties after heat treatment are given in table 37. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


IEC 60404-1:2016 RLV © IEC 2016 – 41 –  

Table 37 – Typical physical and magnetic properties 

 

 
Material 

Specific 
total loss 
at J =1,4 T 

and 
f = 50 Hz 

Specific 
apparent 

power 
at J = 1,4 T 

and 
f = 50 Hz 

 

 
Coercivity 

 
Magnetic 

polarizatio
n 
at 

H = 800 
A/m 

 

Crystalliz-
ation 

temperature 

 

 
Resistivit

y 

 

 
Density 

 

Stacking 
factor 

 W/kg VA/kg A/m T °C µΩm kg/m3 % 

Fe92Si5B3 0,2 1,0 3 1,55 550 1,2 7 200 80 to 85 

 
4.9.2.6 Main applications 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many different materials, each intended for a relatively 
small group of applications. 

The most important ones are: 

• core material for distribution transformers at power frequency, 

• cores for inductors and transformers operating at frequencies up to several hundred kHz, 
and 

• theft detection tags. 

4.9.3 Class I2 – Cobalt-based amorphous alloys 

4.9.3.1 General Reference document 

These materials are not covered by an IEC publication. 

4.9.3.2 Chemical composition 

The basic constituents of these materials are cobalt and iron or manganese whose content is 
commonly in the range of 2 % by atoms to 10 % by atoms and metalloids (silicon and boron 
mainly) whose content is in the range of 18 % by atoms to 30 % by atoms. Cobalt may be 
partly substituted by nickel. These alloys may contain additions of titanium, vanadium, 
chromium, zirconium, niobium, molybdenum, ruthenium, hafnium, tantalum and tungsten to 
improve magnetic and mechanical properties. 

4.9.3.3 Basis of subclassification 

The recommended subclassification is based on the saturation magnetic polarization and the 
shape of the hysteresis loop. 

4.9.3.4 Available forms 

The materials are normally supplied in the form of rapidly solidified thin strips with a typical 
thickness of 15 10 µm to 50 µm and in the form of tape wound cores. 

4.9.3.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 

• magnetic: magnetostriction, initial permeability, reversible permeability at 
various values of magnetic field strength, specific total loss as a 
function of frequency, squareness of the B-H loop, coercivity; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature; 
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• dimensions: thickness, width; 

• metallurgical state: semi-processed state, i.e. as cast. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. Some magnetic properties can be developed by further heat treatment with or 
without a magnetic field. 

4.9.3.6 Main applications 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many different materials, each intended for a relatively 
small group of applications. 

The most important ones are 

• cores for inductors and transformers operating at frequencies in the range from 50 Hz to 
several MHz, 

• cores for pulse transformers, 

• cores for recording heads, and 

• flexible magnetic shielding. 

4.9.4 Class I3 – Nickel-based amorphous alloys 

4.9.4.1 General Reference document 

These materials are not covered by an IEC publication. 

4.9.4.2 Chemical composition 

The basic metallic constituents of these materials are nickel and iron in approximately equal 
amounts by weight and which form about 90 % of the alloy by weight. In some alloys 
molybdenum can be present. The principal metalloid is boron although phosphorus and silicon 
can also be present. 

4.9.4.3 Basis of subclassification 

The recommended subclassification is based on the shape of the hysteresis loop. 

4.9.4.4 Available forms 

The materials are normally supplied in the form of rapidly solidified thin strips with a typical 
thickness of 15 µm to 50 µm. 

4.9.4.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 

• magnetic: magnetostriction, initial permeability, reversible permeability at 
various values of magnetic field strength, specific total loss as a 
function of frequency, squareness of the B-H loop, coercivity, 
shielding attenuation ratio; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature; 

• dimensions: thickness, width; 

• metallurgical state: semi-processed state, i.e. as cast. 
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The properties depend strongly on the exact composition of the material and on the heat 
treatment. Some magnetic properties can be developed by further heat treatment with or 
without a magnetic field. 

4.9.4.6 Main applications 

The main applications are for article surveillance sensors and magnetic EMI shielding. 

4.10 Class J – Nano-crystalline soft magnetic materials 

4.10.1 Reference document 

These materials are not covered by an IEC publication. 

4.10.2 Production process 

Iron-based nano-crystalline alloys are produced via rapid solidification by casting as thin 
sheets, wires or powders. After this casting process the material is in the amorphous state. 
The desirable nano-crystalline state is achieved by annealing at temperature between 500 °C 
and 600 °C. Nano-crystalline alloys exhibit a high saturation magnetic polarization and an 
almost zero magnetostriction due to their nano-crystalline microstructure. 

4.10.3 Chemical composition 

The basic constituents of these materials are iron, copper typically around 1 % by atoms, 
niobium around 3 % by atoms and metalloids (mainly silicon and boron) typically in the range 
of 16 % by atoms to 28 % by atoms. These alloys may further contain additions of zirconium, 
molybdenum, tantalum, titanium, vanadium, phosphorus, chromium, manganese and carbon 
to improve the magnetic and mechanical properties. 

4.10.4 Basis of subclassification 

The recommended subclassification is based on the saturation magnetic polarization and the 
shape of the hysteresis loop. 

4.10.5 Available forms 

The materials can be supplied in the amorphous state in the form of rapidly solidified thin 
ribbons of typical thickness 12 µm to 30 µm and in the nanocrystalline state in the form of 
tape wound cores. 

4.10.6 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: specific total loss as a function of magnetic polarization and 
frequency, specific apparent power, saturation magnetic 
polarization, magnetostriction, coercivity, initial permeability, 
reversible permeability at various values of magnetic field strength, 
squareness of the B-H loop, remanence; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature of the 
nanocrystalline grains, crystallization temperature of the amorphous 
matrix; 

• dimensions: thickness, width; 

• mechanical: ductility, stacking factor; 

• metallurgical state: semi-processed state, i.e. as cast. The magnetic properties are 
developed by the heat treatment above the crystallisation 
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temperature. Magnetic fields can be used to support the formation 
of induced anisotropies. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. 

4.10.7 Main applications 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many different materials, each intended for a relatively 
small group of applications. 

The most important ones are 

• magnetic cores, 

• inductive components like current transformers and yokes, 

• shielding foils. 

5 Magnetically hard materials (coercivity > 1 kA/m) 

5.1 Class Q – Magnetostrictive alloys – Rare earth iron alloys (Class Q1) 

5.1.1 General Reference document 

These materials are not covered by an IEC publication. 

5.1.2 Chemical composition 

The basic constituents of these materials are iron, terbium and dysprosium. In TbxDy(1-x)Fey 
compounds, the value of x determines the Tb/Dy ratio and y is the Fe/(Tb + Dy) ratio. The 
optimum values of x are close to 0,3, where high magnetostriction is obtained without 
excessive hysteresis losses. The stoichiometric value for y = 2,0 produces optimum 
magnetostrictive properties but the resulting materials are very brittle. As y is decreased 
from 2, the material becomes less brittle and the value of y = 1,95 provides a good 
compromise. 

5.1.3 Basis of subclassification 

There is no recognized subclassification. 

5.1.4 Available forms 

Grain-oriented, round bars of different sizes are available manufactured by free stand zone 
melting or modified Bridgeman solidification processes. The cylinder axis is the easy direction 
of magnetization. 

5.1.5 Physical characteristics 

A more complete definition of the materials can be based on the following characteristics: 

• magnetic:  magnetostrictive strain at saturation, Curie temperature, magneto-
elastic coupling factor k33, d-constant (d/dH dλ/dH), relative 
permeability, magnetic specific acoustic impedance, energy density; 

• mechanical: density, modulus of elasticity, sound speed, tensile strength, 
compressive strength; 

• thermal: thermal expansion coefficient; 

• electrical: resistivity; 
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• metallurgical state: grain-oriented and heat-treated 

The machinability of the materials is limited due to their brittleness. The materials can be 
ground or cut by means of a spark cutter or a diamond wheel. 

Typical physical properties at 20 °C for Tb0,3Dy0,7Fe1,95 are given in table 38. 

Table 38 – Typical physical properties 

 
Modulus 

of elasticity 
at H = 

 

Sound speed 
at H = 

 

 
Tensile 

strength 

 

Com-
pressive 
strength 

 
Magneto- 
strictive 
strain at 
magnetic 
saturation 

 

 
Coupling 

factor 

 

Curie 
tempera-

ture 

Relative 
permeability at 

H = 80 kA/m 

Specimen 

0 Ho1) 0 Ho1) Free Clamped 

104 N/mm2 km/s N/mm2 N/mm2 %  K   

2,65 5,50 1,69 2,45 28 700 0,15 to 0,20 0,72 660 9,3 4,5 

1) Ho: operating magnetic field strength, normally Ho < 240 kA/m. 

5.1.6 Main applications 

The materials are of prime interest for applications involving large forces and fast, high-
precision motion at high power levels. Such applications are in high-power sound projectors in 
sonars and defence systems, for oil field logging and oceanography studies. 

Other applications being developed are as active elements in electromechanical applications. 

5.2 Class R – Magnetically hard alloys 

5.2.1 Class R1 – Aluminium-nickel-cobalt-iron-titanium (AlNiCo) alloys 

5.2.1.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.1.2 Chemical composition and manufacturing method 

These alloys consist of 6 8 % to 13 % aluminium, 13 % to 28 % nickel, 0 5 % to 42 % cobalt, 
0 % to 9 % titanium, 2 % to 6 % copper, 0 % to 3 % niobium, 0 % to 0,8 % silicon and the 
balance iron. They may contain silicon, niobium or other additions. 

They are made by casting or a powder metallurgical process. Their magnetic performance of 
alloys with a cobalt content higher than 20 % can be increased in a preferred direction by 
applying a magnetic field during heat treatment producing magnetic anisotropy. The best 
performances of cast magnets are achieved with alloys of columnar or single crystal structure, 
the magnetic field being applied parallel to the columnar axis. 

5.2.1.3 Basis of subclassification 

The subclassification is based on the magnetic degree of anisotropy and the manufacturing 
method. 

5.2.1.4 Available forms 

The magnets are mainly produced in the form of rings, prisms, cubes, cylinders or arc 
segments. Cast magnets with columnar or single crystal structure are subject to limitations of 
form and dimensions. 
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5.2.1.5 Physical characteristics 

In addition to the degree of anisotropy and the production manufacturing method, a more 
complete definition of the materials can be based on the following characteristics: 

• magnetic: maximum BH product, magnetic remanence remanent flux density, 
coercivity, recoil permeability; 

• thermal: temperature coefficients of magnetic remanence remanent flux 
density and of coercivity, and Curie temperature; 

• mechanical: density, machinability; 

• metallurgical state: cast or sintered and heat-treated; 

• dimensions: determined by application. 

  

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
AlNiCo alloys are given in table 39 the corresponding product specification. 

Table 39 – Ranges of specified magnetic properties 

 

Grade 
Maximum 

BH product 
Magnetic 

remanence 
Coercivity 

HcB HcJ 

kJ/m3 mT kA/m kA/m 

Isotropic alloys 9 to 17 550 to 630 44 to 80 47 to 86 

Anistropic 
alloys 

Cast 36 to 72 700 to 1 300 48 to 140 49 to 148 

Sintered 26 to 34 650 to 1 120 47 to 136 48 to 150 

 
5.2.1.6 Main applications 

These materials are used in measuring devices and loudspeakers. 

5.2.2 Class R3 – Iron-cobalt-vanadium-chromium (FeCoVCr) alloys 

5.2.2.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.2.2 Chemical composition and manufacturing method 

These materials consist of 51 49 % to 54 % cobalt, 4 % to 13 % vanadium, 0 % to 6 % plus 
chromium and the remainder balance being iron. 

The FeCoVCr alloys are manufactured by casting and subsequent hot and cold rolling or 
drawing to produce strips or wires, respectively. 

5.2.2.3 Basis of subclassification 

The recommended subclassification is based on the coercivity HcJ. 

5.2.2.4 Available forms 

The material is generally available in the form of wires and bars with diameter < 3 20 mm or 
strips with a thickness  < 2 6 mm. 
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5.2.2.5 Physical characteristics 

A more complete definition of these magnetically anisotropic materials can be based on the 
following characteristics: 

• magnetic: maximum BH product, magnetic remanence remanent flux density, 
coercivity; 

• thermal: temperature coefficients of magnetic remanence remanent flux 
density and of coercivity, and Curie temperature; 

• mechanical: machinability before hardening; 

• metallurgical state: hot- and cold-rolled, heat-treated to develop magnetic properties; 

• dimensions: determined by application. 

Specified values for the of magnetic properties of and density for finally annealed materials 
anisotropic FeCoVCr alloys are given in table 40 the corresponding product specification. 

Table 40 – Specified values of magnetic properties 

Maximum 
BH product Magnetic remanence Coercivity 

kJ/m3 mT kA/m 

4 to 11 1 400 to 800 3,6 to 24 

 
5.2.2.6 Main applications 

These materials are used for compass needles, hysteresis motors, speedometers and 
sensors, and actuators for electromechanical displays. 

5.2.3 Class R5 – Rare earth cobalt (RECo) alloys 

5.2.3.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.3.2 Chemical composition and manufacturing method 

Two main types of RECo magnet material are available; they are based on the compounds 
SmCo5 and Sm2Co17. The SmCo5 alloys consist of 33 % to 36 % samarium and the balance 
cobalt. The Sm2Co17 alloys consist of 24 % to 26 % samarium, 10 % to 20 % iron, 4,5 % to 
12 % copper, other elements (e.g. zirconium, hafnium or titanium) and the balance cobalt. 

Magnets may be formed by compacting the powder in a magnetic field and sintering the 
compacted body followed by heat treatments. 

5.2.3.3 Basis of subclassification 

The recommended subclassification is by based on chemical composition and production 
manufacturing method. 

5.2.3.4 Available forms 

The materials are typically available in the form of blocks, cylinders, rings and arc segments. 

5.2.3.5 Physical characteristics 

All RECo magnetic materials are normally magnetically anisotropic. 
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A more complete definition can be based on the following characteristics: 

• magnetic: maximum BH product, magnetic remanence remanent flux density, 
coercivity, recoil permeability, uniformity field strength; 

• thermal: temperature coefficients of magnetic remanence remanent flux 
density and of coercivity, and Curie temperature; 

• mechanical: density, machinability; 

• metallurgical state: sintered; 

• dimensions: determined by application. 

Sintered materials are brittle but machinable by grinding. 

Values of physical properties are given in table 41. Ranges of specified values of magnetic 
properties and density for anisotropic sintered RECo alloys are given in the corresponding 
product specification. In addition, materials with improved magnetic properties, especially HcJ, 
are available. 

Table 41 – Ranges of specified magnetic properties and density of sintered material 

 
Material 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ Density 

 kJ/m3 mT kA/m kA/m kg/m3 

RECo5 140 to 170 860 to 930 600 to 660 700 to 1 200 8 200 

RE2Co17 140 to 220 900 to 1 100 600 to 700 700 to 1 600 8 300 

 
5.2.3.6 Main applications 

These materials are mainly used in rotating machines and many other motor applications, 
transducers, separators, magnetic clutches and for medical applications. They find particular 
application where miniaturization is a requirement. 

5.2.4 Class R6 – Chromium-iron-cobalt (CrFeCo) alloys 

5.2.4.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.4.2 Chemical composition and manufacturing method 

The materials consist of 25 % to 35 % chromium, 10 7 % to 25 % cobalt , 0,1 % to 3 % other 
elements (e. g. silicon, titanium, molybdenum, aluminium and vanadium) and the remainder  
balance iron. 

The CrFeCo alloys can be manufactured by casting, followed by hot and cold rolling and 
drawing to produce strips and wires. The magnets can also be formed by a powder 
metallurgical process. The magnetic performance of the cast as well as sintered material can 
be increased in a preferred direction by applying a magnetic field during heat treatment. 

5.2.4.3 Basis of subclassification 

The recommended subclassification is based on the degree of magnetic anisotropy of the 
materials and the production manufacturing method (cast or sintered). 

5.2.4.4 Available forms 

The materials are generally available in the form of wire, strip and rod. They are also 
available in the form of cast shapes. 
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5.2.4.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum BH product, magnetic remanence remanent flux density, 
coercivity, recoil permeability; 

• thermal: temperature coefficients of magnetic remanence remanent flux 
density and of coercivity, and Curie temperature; 

• mechanical: machinability and workability; 

• metallurgical state: cold-rolled or drawn, cast, sintered; 

• dimensions: determined by application. 

Ranges of specified values of magnetic properties of and density for finally annealed 
materials isotropic and anisotropic CrFeCo alloys are given in table 42 the corresponding 
product specification. 

Table 42 – Ranges of specified magnetic properties 

 
Material 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ 

 kJ/m3 mT kA/m kA/m 

Isotropic 10 to 12 800 to 850 40 to 27 42 to 29 

Anisotropic 28 to 44 1 000 to 1 300 40 to 50 41 to 51 

 
5.2.4.6 Main applications 

These materials are used for measuring devices, loudspeakers, rotating machines (including 
hysteresis motors), speedometers and theft detection labels and tags. 

5.2.5 Class R7 – Rare earth-iron-boron (REFeB) alloys 

5.2.5.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.5.2 Chemical composition and manufacturing method 

The alloys are based on the compound RE2Fe14B. RE is mainly neodymium, which may be 
partially substituted by dysprosium, praseodymium or other rare earths. Iron may be partially 
substituted by cobalt. The alloys consist of 28 % to 35 % total rare earth, 0 % to 15% cobalt. 
0,85 % to 1,2 % boron, 0 % to 10% dysprosium, terbium and praseodymium, 0 % to 1 % 
vanadium, niobium, aluminium, gallium and copper, the balance iron. Magnets of this type can 
be divided into two main groups: 

• the first group is prepared by compacting milled alloy powder in a magnetic field and 
sintering the compacted body for densification followed by a heat treatment, resulting in a 
magnet with anisotropic magnetic properties; 

• the second group uses rapidly solidified flakes prepared by the melt-spinning process. 
Three different products are obtained by processing the flakes into an isotropic resin-
bonded magnet (see 5.5.4), an isotropic hot-pressed magnet and a magnet with 
anisotropic magnetic properties achieved by hot die upset forging or extrusion. 

A metallic or resinous layer on the surface of the magnet may be applied to resist corrosive 
attacks. 
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5.2.5.3 Basis of subclassification 

The recommended subclassification is based on the degree of magnetic anisotropy of the 
material and the production manufacturing method. 

5.2.5.4 Available forms 

The materials are typically available in the form of blocks, cylinders, rings and arc segments. 

5.2.5.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum BH product, magnetic remanence remanent flux density, 
coercivity, recoil permeability, uniformity demagnetization field 
strength; 

• thermal: temperature coefficients of magnetic remanence remanent flux 
density and of coercivity, and Curie temperature; 

• mechanical: density, machinability; 

• dimensions: determined by application. 

Sintered or hotpressed materials are brittle, but machinable by grinding. 

Ranges of specified values of the magnetic properties and density for anisotropic sintered 
REFeB alloys are given in table 43 the corresponding product specification. 

Table 43 – Ranges of specified magnetic properties and density 
for anisotropic RE-FeB alloys 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ Density* 

kJ/m3 mT kA/m kA/m kg/m3 

170 to 360 980 to 1 350 700 to 920 800 to 2 400 7 500 

* Value not specified but typical. 

 
5.2.5.6 Main applications 

The materials are mainly used for traction motors for hybrid electric vehicles (HEV) and 
electric vehicles (EV), direct drive type generators for wind turbines, voice coil motors and 
many other electrical motors, electroacoustical applications, separators, magnetic resonance 
imaging (MRI). 

5.3 Class S – Magnetically hard ceramics – Hard ferrites (Class S1) 

5.3.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.3.2 Chemical composition and manufacturing method 

The composition of the hard ferrites can be described by the formula MO·n Fe203 (where M is 
barium or strontium). The value of n can vary from 4,5 to 6,5. The magnetic properties may be 
improved by special additives substitutions. This is particularly so with substitutions of up to 
9 % of lanthanum and up to 4 % of cobalt. The hard ferrites have a hexagonal structure 
crystal with magnetic anisotropy. 

Compacting of the powder is carried out with or without a magnetic field, thus obtaining 
anisotropic or isotropic magnets. The pressed bodies are sintered. 
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5.3.3 Basis of subclassification 

The recommended subclassification is based on the degree of magnetic anisotropy of the 
material and the manufacturing method. 

5.3.4 Available forms 

Magnetic isotropic and anisotropic sintered hard ferrites are mainly produced as rings, 
prismatic blocks, cylinders and arc segments. 

5.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: 
maximum BH product, magnetic remanence remanent flux density, 
coercivity, recoil permeability, uniformity field strength (for 
anisotropic materials); 

• thermal: 
temperature coefficients of magnetic remanence remanent flux 
density and of coercivity, and Curie temperature; 

• mechanical: density, machinability, mechanical strength; 

• dimensions: determined by application. 

Sintered materials are brittle, but machinable by grinding. Sintered magnets have usually 
large transverse dimensions compared with their length. 

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
hard ferrites are given in table 44 the corresponding product specification. 

Table 44 – Ranges of specified values of magnetic properties 

 
Material 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ 

 kJ/m3 mT kA/m kA/m 

Isotropic S 1-0 6,5 190 125 210 

Anisotropic S 1-1 20 to 35 320 to 430 130 to 295 135 to 380 

 
5.3.6 Main applications 

The materials are mainly used in rotating machines, loudspeakers, holding devices and toys. 

5.4 Class T – Other magnetically hard materials – Martensitic steels (Class T1) 

5.4.1 General Reference document 

These materials are not covered by an IEC publication. 

5.4.2 Composition 

These materials have a tetragonal structure which is achieved by water quenching from the 
austenitic phase. This structure combines mechanical with magnetic hardness. In addition to 
carbon, alloying elements such as cobalt or chromium are present. 

5.4.3 Basis of subclassification 

The recommended subclassification is based on the cobalt content. 
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5.4.4 Available forms 

These materials are available as hot-rolled sections. 

5.4.5 Physical characteristics 

A more complete definition of these materials may be based on the following characteristics: 

• magnetic: maximum BH product, magnetic remanence remanent flux density, 
coercivity; 

• thermal: temperature coefficients of magnetic remanence and of coercivity, 
and Curie temperature; 

• mechanical: density; 

• metallurgical state: hot-rolled and quenched, tempered; 

• dimensions: determined by application. 

Typical magnetic properties in the quenched state are given in table 45. 

Table 45 – Typical magnetic properties 

Cobalt 
content 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ 

% kJ/m3 mT kA/m kA/m 

9 to 40 3,3 to 8,2 750 to 1 000 10 to 19 11 to 21 

 
For hysteresis motors which are the main application of these materials, a tempering heat 
treatment in the range 300 °C to 550 °C is applied. This reduces the coercivity HcB and 
improves the fullness of the curve. 

This application requires material in the form of a thin walled cylinder, mechanically strong 
and magnetically homogeneous. 

5.4.6 Main applications 

In the tempered condition the materials are used for hysteresis motors. 

Their use in other conditions is almost obsolete. 

5.5 Class U – Bonded magnetically hard materials 

5.5.1 General 

These plastic bonded permanent magnets are composite materials. They consist of 
permanent magnet powders embedded in a plastic matrix. This binder phase determines to a 
large extent the mechanical properties of the composite, while the magnet powder determines 
its magnetic values properties. The properties of the composite are determined not only by 
the type of permanent magnet powder and the matrix material but also by the fill factor and for 
anisotropic material the degree of alignment. There is a wide variety of grades. 

In spite of their lower magnetic values compared with sintered materials, bonded magnets 
offer economic and technical advantages in many applications because they are cost-effective 
to manufacture and allow a wide scope for shaping and good mechanical properties. 
Expensive and elaborate processing steps required in powder metallurgy are not needed. 
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5.5.2 Class U1 – Bonded aluminium-nickel-cobalt-iron-titanium (AlNiCo) magnets 

5.5.2.1    General Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.2.2 Chemical composition and manufacturing method 

These bonded magnets consist of contain crushed alloys as given in class R1 together with a 
resin binder. This mixture is pressed at elevated temperature and cured. 

5.5.2.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method. 

5.5.2.4 Available form 

The magnets are mainly produced in the form of small blocks. 

5.5.2.5 Physical characteristics 

The magnetic properties are determined by the alloy and the fill factor of the bonding material. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for isotropic bonded AlNiCo 
magnets are given in table 46 the corresponding product specification. 

Table 46 – Specified values of magnetic properties 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ 

kJ/m3 mT kA/m kA/m 

3,1 to 7,0 280 to 340 37 to 72 46 to 84 

 
5.5.2.6 Main applications 

The materials are used for watt-hour meters and measuring devices. 

5.5.3 Class U2 – Bonded rare earth-cobalt (RECo) magnets 

5.5.3.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.3.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered alloys as given in class R5. The powder is mixed 
with a suitable binder and the compact is then formed to shape using either compression or 
injection moulding. 

5.5.3.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method. 
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5.5.3.4 Available forms 

The magnets are produced in simple shapes by compression moulding. More complicated 
shapes are produced by injection moulding. 

5.5.3.5 Physical characteristics 

The magnetic properties are determined by the alloy and the fill factor of the bonding material. 
The magnets may be isotropic or by the application of a magnetic field, anisotropic magnets 
may be produced. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties of and density for isotropic and anisotropic 
bonded RECo magnets are given in table 47 the corresponding product specification. 

Table 47 – Specified values of magnetic properties 

 
Material 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ 

 kJ/m3 mT kA/m kA/m 

Anisotropic RECo 48 500 360 600 

 
5.5.3.6 Main applications 

The materials are used in small motors, follower drives, HiFi equipment, sensors and 
watches. 

5.5.4 Class U3 – Bonded neodymium-iron-boron (REFeB) magnets 

5.5.4.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.4.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered alloys as given in class R7. The powder is mixed 
with a suitable binder and the compact is then formed to shape using either compression or 
injection moulding. 

5.5.4.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method 

5.5.4.4 Available forms 

The magnets are produced in simple shapes by compression moulding. More complicated 
shapes are produced by injection moulding. 

5.5.4.5 Physical characteristics 

The magnetic properties are determined by the alloy and the fill factor of the bonding material. 
The magnets may be isotropic or, by the application of a magnetic field, anisotropic magnets 
may be produced. 

The thermal properties are determined by the alloy and the bonding material. 
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Ranges of typical physical and specified values of magnetic properties and density for 
isotropic bonded NdFeB magnets are given in table 48 the corresponding product 
specification. 

Table 48 – Ranges of typical physical and magnetic properties 

 
Material 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ Density 

 kJ/m3 mT kA/m kA/m kg/m3 

Isotropic NdFeB 
magnets 28 to 82 430 to 700 270 to 500 560 to 950 4 200 to 6 200 

 
5.5.4.6 Main applications 

The materials are used in small motors, hand tools, follower drives, sensors and HiFi 
equipment. 

5.5.5 Class U4 – Bonded hard ferrites magnets 

5.5.5.1 General Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.5.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered ferrites as given in class S1. The powder is mixed 
with a suitable binder and the compact is then formed into shape. This can be by 
compression, injection moulding, extrusion or by rolling. 

5.5.5.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method. 

5.5.5.4 Available forms 

The magnets are produced in simple shapes by compression moulding or extrusion. Sheets of 
magnet material can be produced by rolling. More complicated shapes are produced by 
injection moulding. 

5.5.5.5 Physical characteristics 

The magnetic properties are determined by the alloy ferrite a and the fill factor of the bonding 
material. The magnets may be isotropic. Anisotropic magnets may be produced by 
compression moulding or rolling or by the application on a magnetic field. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
bonded hard ferrite magnets are given in the table 49 corresponding product specification. 
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Table 49 – Ranges of specified magnetic properties 

 
Material 

Maximum 
BH product 

Magnetic 
remanence 

Coercivity 
HcB 

Coercivity 
HcJ 

 kJ/m3 mT kA/m kA/m 

Isotropic 0,8 to 3,5 63 to 145 50 to 110 160 to 215 

Anisotropic 6,5 to 15 180 to 280 110 to 190 170 to 240 

 
5.5.5.6 Main applications 

The materials are used in magnetic catches, holding magnets, magnetic displays, small 
motors and toys. 

5.5.6 Class U5 – Bonded rare earth-iron-nitrogen magnets 

5.5.6.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.6.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered Sm2Fe17N3 intermetallic compound. These 
materials consist of 22 % to 27 % samarium, 3,0 % to 4,0 % nitrogen and the balance iron. 
The SmFeN powders are manufactured by the reduction diffusion process using Sm2O3 and 
Fe powders with calcium as a reductant followed by nitrogenation. When the size of the 
processed powders is coarse, a subsequent milling is required. The powder is mixed with a 
suitable binder and the compact is then formed to shape using injection moulding in a 
magnetic field. Obtained bonded magnets are usually anisotropic. 

5.5.6.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition. 

5.5.6.4 Available forms 

The magnets are produced in simple shape by injection moulding in a magnetic field. 

5.5.6.5 Physical characteristics 

The magnetic properties are determined by the alloy, the fill factor of the bonding material and 
the magnetic field strength for alignment. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for anisotropic bonded REFeN 
magnets are given in the corresponding product specification. 

5.5.6.6 Main applications 

The materials are used in small motors such as stepping and spindle motors and sensors. 

 

___________ 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MAGNETIC MATERIALS – 

 
Part 1: Classification 

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

This bilingual version (2017-12) corresponds to the monolingual English version, published in 
2016-10. 

This third edition cancels and replaces the second edition published in 2000 and constitutes a 
technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) Removal of all tables and values describing typical properties of the material to be 
consistent with the aim of the document to be a classification and not a specification. 

b) Enlargement of the Ni content for the classes E1 and E3. 
c) Enlargement of the Co content for the classes F3. 
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d) Addition of a new class: U5 bonded rare earth-iron-nitrogen magnets. 

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

CDV Report on voting 

68/533/CDV 68/555/RVC 

 
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. 

The French version of this standard has not been voted upon. 

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

A list of all parts in the IEC 60404 series, published under the general title Magnetic 
materials, can be found on the IEC website. 

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. 
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MAGNETIC MATERIALS –  
 

Part 1: Classification 
 
 
 

1 Scope 

This part of IEC 60404 is intended to classify commercially available magnetic materials. 

The term "magnetic materials" denotes substances where the application requires the 
existence of ferromagnetic or ferrimagnetic properties. 

In this document, the classification of magnetic materials is based upon the generally 
recognized existence of two main groups of products: 

• soft magnetic materials (coercivity ≤1 000 A/m); 

• hard magnetic materials (coercivity >1 000 A/m). 

Within these main groups, the classification when appropriate recognizes the following 
characteristics: 

• the main alloying element and the metallurgical state and physical properties of the 
material; 

• when possible and convenient, the relationship between these characteristics is identified. 

A classification by specific areas of application cannot be applied to all materials because 
different materials can very often be used for the same application depending on the 
characteristics required. 

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 60050-121, International Electrotechnical Vocabulary – Part 121: Electromagnetism 

IEC 60050-151, International Electrotechnical Vocabulary – Part 151: Electrical and magnetic 
devices 

IEC 60050-221, International Electrotechnical Vocabulary – Chapter 221: Magnetic materials 
and components 

IEC 60401-3, Terms and nomenclature for cores made of magnetically soft ferrites – Part 3: 
Guidelines on the format of data appearing in manufacturers catalogues of transformer and 
inductor cores 

IEC 60404-2, Magnetic materials – Part 2: Methods of measurement of the magnetic 
properties of electrical steel sheet and strip by means of an Epstein frame 

IEC 60404-3, Magnetic materials – Part 3: Methods of measurement of the magnetic 
properties of magnetic sheet and strip by means of a single sheet tester 
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IEC 60404-4, Magnetic materials – Part 4: Methods of measurement of d.c. magnetic 
properties of iron and steel 

IEC 60404-6, Magnetic materials – Part 6: Methods of measurement of the magnetic 
properties of magnetically soft metallic and powder materials at frequencies in the range  
20 Hz to 200 kHz by the use of ring specimens 

IEC 60404-7, Magnetic materials – Part 7: Method of measurement of the coercivity of 
magnetic materials in an open magnetic circuit 

IEC 60404-8-1, Magnetic materials – Part 8-1: Specifications for individual materials – 
Magnetically hard materials 

IEC 60404-8-3, Magnetic materials – Part 8-3: Specifications for individual materials – Cold-
rolled electrical non-alloyed and alloyed steel sheet and strip 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: Specifications for individual materials – 
Section Five: Specification for steel sheet and strip with specified mechanical properties and 
magnetic permeability 

IEC 60404-8-6, Magnetic materials – Part 8-6: Specifications for individual materials – Soft 
magnetic metallic materials 

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: Specifications for individual materials – 
Section 8: Specification for thin magnetic steel strip for use at medium frequencies 

IEC 60404-8-9, Magnetic materials – Part 8: Specifications for individual materials –  
Section 9: Standard specification for sintered soft magnetic materials 

IEC 60404-8-10, Magnetic materials – Part 8-10: Specifications for individual materials – 
Magnetic materials (iron and steel) for use in relays 

IEC 60404-10, Magnetic materials – Part 10: Methods of measurement of magnetic properties 
of magnetic sheet and strip at medium frequencies 

ISO 4948-1, Steels – Classification – Part 1: Classification of steels into unalloyed and alloy 
steels based on chemical composition 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-121, 
IEC 60050-151, IEC 60050-221 and in the product standards of the IEC 60404-8 series 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 
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4 Magnetically soft materials (coercivity ≤1 kA/m) 

4.1 Class A – Irons 

4.1.1 Reference documents 

These materials are covered by IEC 60404-8-6 and IEC 60404-8-10. 

4.1.2 Chemical composition 

The basic constituent of these materials is pure iron, and they are often referred to as 
"commercially pure" or "magnetically soft" irons. The material also contains unavoidable 
impurities that may affect magnetic properties. The amount of impurities that adversely affect 
the remanence, coercivity, saturation, magnetic polarization and stability of the magnetic 
properties are limited to produce the required magnetic properties for the proposed 
application. For information the most significant impurities when they are present in these 
materials are carbon (up to 0,03 %), silicon (up to 0,1 %), manganese (up to 0,2 %), 
phosphorus (up to 0,015 %), sulphur (up to 0,03 %), aluminium (up to 0,08 %), titanium (up to 
0,1 %) and vanadium (up to 0,1 %). 

NOTE For improved free machining capability, the amount of phosphorus and sulphur can be higher than 
indicated above. 

4.1.3 Basis of subclassification 

The recommended subclassification is based on coercivity values. 

4.1.4 Available forms 

These materials are available in a wide variety of forms. They may be supplied as slabs, 
billets, ingots or forgings; as hot-rolled bar in rectangular and square cross-sections; as hot-
rolled wire rod in round, hexagonal and octagonal cross-sections; in cold-rolled and drawn 
forms as bar and wire; as hot- or cold-rolled sheet and strip. 

4.1.5 Physical characteristics 

In addition to the values of coercivity, a more complete definition of these materials can be 
based on the following characteristics: 

• magnetic: saturation magnetic polarization, magnetic polarization at various 
values of magnetic field strength (from which permeability can be 
derived), stability of characteristics with time; 

• mechanical: hardness, suitability for punching operations, free machining 
capability, deep drawing properties, tensile strength; 

• metallurgical state: hot- or cold-worked, forged, deep drawn, fully processed state, i.e. 
final annealed. 

NOTE For material not delivered in the fully processed state, subclassification is based on the coercivity 
measured after heat treatment according to the requirements of the product standard or the recommendations of 
the manufacturer. 

Ranges of specified values for the above-mentioned magnetic characteristics in the fully 
processed state are given in the corresponding product specifications. 

4.1.6 Main applications 

The main applications are in DC relays, loudspeakers, electromagnets, magnetic clutches, 
brakes, parts for magnetic circuits in instruments and control apparatus, as well as for pole 
pieces and other DC parts for generators and motors. 
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4.2 Class B – Low carbon mild steels 

4.2.1 Class B1 – Bulk material 

4.2.1.1 Reference document 

Some of these materials are covered by IEC 60404-8-10. 

4.2.1.2 Chemical composition 

The basic constituent of these materials is iron containing unavoidable impurities, together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. The amount of alloying elements is limited to that of a non-alloy steel 
as defined in ISO 4948-1, in particular silicon is less than 0,5 %. 

4.2.1.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.2.1.4 Available forms 

These materials are normally supplied in the form of castings or forgings in a final heat-
treated condition or partially machined to drawings supplied by the user or as bar, wire rod or 
wire in the hot-rolled, cold-rolled or cold-drawn condition. 

4.2.1.5 Physical characteristics 

In addition to the coercivity a more complete definition of these materials can be based on the 
following properties: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• mechanical: yield strength (or 0,2 % proof stress) elongation (Lo = 5 do), 
freedom from defects; 

• metallurgical state: hot- or cold-worked, annealed to produce required magnetic 
characteristics. 

Mechanical and non-destructive tests are made in accordance with the appropriate 
ISO standards. Coercivity shall be measured in accordance with IEC 60404-7, other magnetic 
properties in accordance with IEC 60404-4. 

Ranges of typical values of magnetic and mechanical properties are given in the 
corresponding product specification. 

4.2.1.6 Main applications 

The materials are used for large DC magnets where no mechanical strength is required, for 
example, in deflection magnets in elementary particle physics and for relay applications. 

4.2.2 Class B2 – Flat material 

4.2.2.1 Reference documents 

These materials are covered by IEC 60404-8-3, IEC 60404-8-4 and IEC 60404-8-10. 

4.2.2.2 Chemical composition 

The basic constituent of these materials is iron containing unavoidable impurities, together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. The amount of alloying elements is limited to that of non-alloy steel as 
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defined in ISO 4948-1, in particular silicon is less than 0,5 %. These materials can have an 
annealing treatment after punching to enhance their magnetic properties. 

4.2.2.3 Basis of subclassification 

The recommended subclassification is based either on the specific total loss which is a 
function of thickness and is normally measured at a magnetic polarization value of 1,5 T and 
at normal industrial power frequencies or (for relay application) on the coercivity. 

4.2.2.4 Available forms 

These materials are supplied in the form of cold-rolled coils or sheets or (for relay application) 
in the form of hot-rolled strip, sheet or plate. 

4.2.2.5 Physical characteristics 

In addition to specific total loss, a more complete definition of these materials can be based 
on the following properties: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• mechanical: suitability for punching operations, surface condition, stacking 
factor; 

• metallurgical state: hot-rolled; hard state – i.e. cold-rolled; semi-processed state – i.e. 
annealed and finally cold-rolled; 
fully processed state – i.e. final annealed. 

NOTE For material delivered in the hard or semi-processed state, subclassification is based on the total specific 
loss or coercivity measured after heat treatment according to the requirements of the product standard or 
recommendations of the manufacturer. 

• dimensions: thickness, width and (as required) length. 

Recommended nominal thicknesses for the cold-rolled materials are given in the 
corresponding product specifications. 

Magnetic measurements are made in accordance with IEC 60404-2, IEC 60404-3 or 
IEC 60404-7. 

Ranges of specified values of maximum specific total loss, after annealing, for the commonly 
used thicknesses are also shown in the corresponding product specifications. 

The specified maximum value of coercivity for relay material ranges from 40 A/m to 240 A/m. 

4.2.2.6 Main applications 

The materials are used in the manufacture of laminated cores for electrical apparatus and 
especially small machines and for relay applications. 

4.3 Class C – Silicon steels 

4.3.1 Class C1 – Bulk material 

4.3.1.1 Reference documents 

Some of these materials are covered by IEC 60404-8-6 and IEC 60404-8-10. 

4.3.1.2 Chemical composition 

The basic constituent of these materials is iron in which the main alloying element is silicon 
with a content of up to approximately 5 %. 
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4.3.1.3 Basis of subclassification 

The recommended subclassification is based on coercivity values or on electrical resistivity 
which is a function of silicon content. 

4.3.1.4 Available forms 

These materials are available as hot-rolled and cold-drawn bar, wire, ground bar and forging 
billets and require heat treatment after mechanical working to achieve the required magnetic 
properties. 

4.3.1.5 Physical characteristics 

In addition to the coercivity and the electrical resistivity, a more complete definition of these 
materials can be based on the following characteristics: 

• magnetic: saturation magnetic polarization, magnetic polarization at various 
values of magnetic field strength, remanent magnetic polarization; 

• mechanical: machinability, ductility, hardness; 

• metallurgical state: hot- or cold-worked, annealed to produce required magnetic 
characteristics.  

4.3.1.6 Main applications 

The main applications are for the magnetic circuits of relays, magnetic clutches, magnetic 
pole pieces, stepping motors and gyro housings. 

4.3.2 Class C2 – Flat material 

4.3.2.1 Class C21 – Isotropic1 (non-oriented) steels for use at power frequencies 

4.3.2.1.1 Reference documents 

These materials are covered by IEC 60404-8-3, IEC 60404-8-4, IEC 60404-8-6 and 
IEC 60404-8-10. 

4.3.2.1.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon, whose 
content may be up to approximately 5 %. Other alloying elements, for example aluminium, 
may also be present. The material also contains unavoidable impurities, together with a low 
level of other elements which may arise from additions necessitated during the manufacturing 
process. 

4.3.2.1.3 Basis of subclassification 

The recommended subclassification is based on the specific total loss which is a function of 
thickness and normally measured at a magnetic polarization value of 1,5 T and at power 
frequencies. 

When the application demands it (for example relays), it may be more appropriate for the 
subclassification to be based on coercivity or permeability. 

___________ 
1  This describes a material which is substantially isotropic and deliberately processed to be so. 
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4.3.2.1.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets. 

4.3.2.1.5 Physical characteristics 

In addition to the values of specific total loss, a more complete definition of these materials 
can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
specific apparent power for different values of magnetic polarization 
anisotropy of loss; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: suitability for punching operations, ductility, tensile strength, 
hardness, surface condition and finish, stacking factor, flatness, 
edge camber; 

• metallurgical state: hard state, i.e. as cold rolled semi-processed state, i.e. annealed or 
annealed and temper rolled; fully-processed state, i.e. final 
annealed; 

NOTE For material delivered in the hard or semi-processed state, the subclassification is based on the specific 
total losses measured after heat treatment according to the requirements of the product standard or the 
recommendations of the manufacturer. 

• dimensions: thickness, width and (as required) length. 

The values of nominal thickness are given in the corresponding product specifications. 

Magnetic measurements are made in accordance with IEC 60404-2 or IEC 60404-3. The 
density values to be used for magnetic measurements should be as defined in the relevant 
product standard. In other cases, the density values should be the subject of agreement. 

Ranges of specified values of specific total loss, after final annealing, for four commonly used 
thicknesses are shown in the corresponding product specifications. 

4.3.2.1.6 Main application 

These materials are used mainly in the magnetic circuits of electrical apparatus, particularly in 
the parts of rotating machines in which the flux is not unidirectional. They may also be used 
in electromagnetic relays, small transformers, chokes for fluorescent tubes, electrical meters, 
shielding and magnetic poles of electron and proton synchrotrons. 

4.3.2.2 Class C22 – Anisotropic2 (oriented) steels for use at power frequencies 

4.3.2.2.1 Reference documents 

These materials are covered by IEC 60404-8-6, IEC 60404-8-7 and IEC 60404-8-8. 

4.3.2.2.2 Chemical composition 

The basic constituent of these materials is iron and the main alloying element is silicon 
(approximately 3 %), together with unavoidable impurities and low levels of other elements 
which may arise from additions necessitated during the manufacturing process. This type of 
magnetic material possesses anisotropic properties (orientation) such that the direction 
parallel to the axis of rolling shows the lowest values of specific total losses and the highest 
permeability. These properties are sensitive to mechanical treatment, and stress relief 
annealing may be used to optimize the inherent properties. 

___________ 
2  This describes a material which is substantially anisotropic and deliberately processed to be so. 
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4.3.2.2.3 Basis of subclassification 

The recommended subclassification is based on the perfection of crystal orientation 
expressed by the magnetic polarization for a magnetic field strength of 800 A/m and on the 
specific total loss, which is a function of thickness and of the orientation, and is normally 
measured at magnetic polarization values of 1,5 T or 1,7 T and at power frequencies. 

4.3.2.2.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets having an 
inorganic insulating coating. 

4.3.2.2.5 Physical characteristics 

In addition to the perfection of crystal orientation and to the values of specific total loss, a 
more complete definition of these materials can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: ductility, surface condition and finish, stacking factor, flatness, edge 
camber; 

• metallurgical state: annealed and fully recrystallized; 

• dimensions: thickness, width and (if required) length. 

The values of nominal thickness normally used are given in the corresponding product 
specifications. 

Magnetic measurements are made in accordance with IEC 60404-2 or IEC 60404-3. The 
density used for calculations is normally 7,65 kg/dm³ and test pieces are taken parallel to the 
axis of rolling and, before measurement, undergo stress relief annealing in accordance with 
the recommendations of the manufacturer. 

Ranges of specified values of maximum specific total loss, after stress relief annealing, for the 
normally used thicknesses are also shown in the corresponding product specifications. 

In addition, materials which are not yet specified in IEC 60404-8-7 are available. 

4.3.2.2.6 Main applications 

These materials are used mainly for the manufacture of magnetic cores in which the magnetic 
flux paths are substantially parallel to the direction of cold-rolling, as for example in 
transformer cores. 

4.3.2.3 Class C23 – Thin silicon steels 

4.3.2.3.1 Reference document 

These materials are covered by IEC 60404-8-8. 

4.3.2.3.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon, whose 
content may be between 2 % and 4 %. Other alloying elements, namely aluminium, may also 
be present. The material also contains unavoidable impurities, together with a low level of 
other elements which may arise from additions necessitated during the manufacturing 
process. 
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4.3.2.3.3 Basis of subclassification 

The recommended subclassification is based on the magnetic anisotropy and the specific total 
loss which is a function of thickness, magnetic polarization value and test frequency. 

4.3.2.3.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets. 

4.3.2.3.5 Physical characteristics 

In addition to the values of specific total loss, a more complete definition of these materials 
can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: ductility, stacking factor, flatness, edge camber;  

• metallurgical state: annealed and fully recrystallized; 

• dimensions: thickness, width and (if required) length. 

The specified values of maximum specific total loss for the commonly used thicknesses are 
shown in the corresponding product specification. 

The magnetic properties are determined in accordance with IEC 60404-10 and the test 
specimens are prepared as described in the specification. 

4.3.2.3.6 Main applications 

These materials are mainly used in magnetic circuits of transformers and rotating machines 
operating at frequencies above 100 Hz. 

4.3.2.4 Class C24 – Steels with specified mechanical properties and specific total 
loss 

4.3.2.4.1 Reference document 

These materials are not covered by an IEC publication. 

4.3.2.4.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon whose 
content may be between 2 % and 5 %. Other alloying elements, such as aluminium, 
manganese, may be added to increase strength and improve magnetic properties. The 
material also contains unavoidable impurities, together with a low level of other elements 
which may arise from additions necessitated during the manufacturing process. 

4.3.2.4.3 Basis of subclassification 

The recommended subclassification is based on the yield strength. 

4.3.2.4.4 Available forms 

These materials are normally supplied in the form of cold-rolled and final annealed coils or 
sheet. 
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4.3.2.4.5 Physical characteristics 

In addition to the yield strength, a more complete definition of these materials can be based 
on the following characteristics: 

• magnetic: specific total loss, magnetic polarization at various values of 
magnetic field strength; 

• electrical: surface insulation and its resistance, resistivity; 

• mechanical: tensile strength, elongation, hardness, stacking factor; 

• metallurgical state: fully processed, i.e. final annealed; 

• dimensions: thickness, width and (if required) length. 

4.3.2.4.6 Main applications 

These materials are generally used under conditions of alternating flux for the stressed parts 
of magnetic circuits such as rotors of high-speed rotating electric machines. 

4.3.2.5 Class C25 – 6,5 % silicon steels 

4.3.2.5.1 Reference document 

These materials are not covered by an IEC publication. 

4.3.2.5.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is silicon whose 
content may be between 6 % and 7 %. Other alloying elements may also be present. The 
material also contains unavoidable impurities, together with a low level of other elements 
which may arise from additions necessitated during the manufacturing process. 

4.3.2.5.3 Basis of subclassification 

The recommended subclassification is based on the specific total loss which is a function of 
thickness, magnetic polarization value and test frequency. Specific total loss is determined in 
accordance with IEC 60404-10, using sheared specimens consisting of half the strip taken 
parallel and half taken perpendicular to the axis of rolling. 

4.3.2.5.4 Available forms 

These materials are normally supplied in the form of cold-rolled coils or sheets. 

4.3.2.5.5 Physical characteristics 

In addition to the values of specific total loss, a more complete definition of these materials 
can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• electrical: type of surface insulation and its resistance, resistivity; 

• mechanical: stacking factor, flatness, edge camber; 

• metallurgical state: fully processed, i.e. final annealed; 

• dimensions: thickness, width and (if required) length. 
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As an information, particular features of this material are: 

• a nearby zero magnetostriction of almost 1 x 10-7 at 1 T and 400 Hz when measured with 
an optical fiber displacement meter. 

• the losses measured according to IEC 60404-10 for a material of 0,10 mm thickness at 1 T 
and 400 Hz is around 6 W/kg and at 0,05 T and 20 kHz around 7 W/kg. 

4.3.2.5.6 Main applications 

These materials are generally used in magnetic circuits of the electrical apparatus operating 
at frequencies above 100 Hz, which require low noise output and low core loss at higher 
frequency, such as high-frequency transformers, reactors and the motors used in portable 
electrical apparatus. 

4.4 Class D – Other steels 

4.4.1 Class D1 – Bulk material 

4.4.1.1 Class D11 – Cast solid steels 

4.4.1.1.1 Reference document 

These materials are not covered by an IEC publication. 

4.4.1.1.2 Chemical composition 

The basic constituent of these materials is iron containing unavoidable impurities. The main 
alloying elements are carbon, whose content is lower than 0,45 %, and other elements 
(namely chromium, nickel, manganese, molybdenum and silicon) which may be necessary to 
develop the required properties. 

4.4.1.1.3 Basis of subclassification 

The recommended subclassification is based on the yield strength or 0,2 % proof stress, 
which are a function of chemical composition and heat treatment. 

4.4.1.1.4 Available forms 

These materials are usually supplied in the form of castings in a final heat-treated condition or 
partially machined to drawings supplied by the user. 

4.4.1.1.5 Physical characteristics 

In addition to the values of yield strength, a more complete definition of the material may be 
based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
coercivity; 

• electrical: resistivity; 

• mechanical: tensile strength, elongation, impact properties, freedom from 
defects; 

• metallurgical state: either normalized and tempered or quenched and tempered. 

Mechanical and non-destructive tests are made in accordance with the appropriate 
ISO standards. Coercivity is measured in accordance with IEC 60404-7, other magnetic 
properties in accordance with IEC 60404-4. 
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4.4.1.1.6 Main applications 

The materials are used in the magnetic circuits of electrical apparatus, where a certain 
mechanical strength is required, particularly in parts of rotating machinery such as rotors, pole 
pieces, pressure plates and magnet frames. 

4.4.1.2 Class D12 – Forged solid steel 

4.4.1.2.1 Reference document 

These materials are not covered by an IEC publication. 

4.4.1.2.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying elements are carbon whose 
content may vary from 0,15 % to 0,5 % and other alloying elements such as nickel (up to 
4 %), chromium (up to 1,8 %), molybdenum (up to 0,5 %), vanadium (up to 0,12 %) and 
manganese (up to 1,9 %), depending on the mechanical properties required and the size of 
the forgings. The material also contains unavoidable impurities together with a low content of 
other elements (Si, Al) which may arise from additions necessitated during the manufacturing 
process. 

4.4.1.2.3 Basis of subclassification 

The recommended subclassification is based on the yield strength or 0,2 % proof stress which 
are normally a function of chemical composition and heat treatment. 

4.4.1.2.4 Available forms 

The materials are usually supplied in the form of forgings in a finally heat-treated and partially 
machined condition to drawings supplied by the user. 

4.4.1.2.5 Physical characteristics 

In addition to the values of yield strength, a more complete definition of these materials can 
be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength; 

• electrical: resistivity; 

• mechanical: tensile strength, elongation, impact properties, bend test, freedom 
from defects; 

• metallurgical state: either normalized and tempered or quenched and tempered; 

• dimensions: according to drawings supplied by the user. 

Mechanical and non-destructive tests are made in accordance with the appropriate 
ISO standards. Magnetic properties are measured in accordance with IEC 60404-4. 

4.4.1.2.6 Main applications 

These materials are used in magnetic circuits of electrical apparatus, particularly in the 
stressed parts of rotating machines such as shafts for rotating machines, pole shoes, pole 
bodies and pole endplates. 
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4.4.2 Class D2 – Flat material 

4.4.2.1 Class D21 – High strength steels – Steel with specified mechanical properties 
and permeability 

4.4.2.1.1 Reference document 

These materials are covered by IEC 60404-8-5. 

4.4.2.1.2 Chemical composition 

The basic constituent of these materials is iron. Alloying elements may be carbon or others, 
for example silicon. The material also contains unavoidable impurities and a low level of other 
elements which may arise from additions necessitated during the manufacturing process. 

4.4.2.1.3 Basis of subclassification 

The recommended subclassification is based on the 0,2 % proof stress value. 

4.4.2.1.4 Available forms 

The materials are normally supplied in the form of coils or sheet. 

4.4.2.1.5 Physical characteristics 

In addition to the proof stress values, a more complete definition of these materials can be 
based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
from which the relative permeability can be derived; 

• electrical: resistivity; 

• mechanical: tensile strength, elongation, surface condition, suitability for 
punching operations, flatness, edge camber; 

• metallurgical state: hot-rolled, hot-rolled and temper-rolled, cold-rolled and final 
annealed, cold-rolled, annealed and temper-rolled; 

• dimensions: thickness, width and (if required) length. 

The values of nominal thickness normally recommended lie in the range from 0,5 mm to 
4,5 mm. 

Ranges of specified values of mechanical and magnetic properties are shown in the 
corresponding product specification. 

4.4.2.1.6 Main applications 

These materials are generally used under conditions of DC magnetization for the stressed 
parts of the magnetic circuits of rotating electrical machines, particularly spiders, rims and 
poles. 

4.4.3 Class D3 – Stainless steels 

4.4.3.1 Reference document 

These materials are presently not covered by an IEC publication. 

4.4.3.2 Chemical composition 

The basic constituent of these materials is iron. The main alloying element is chromium in the 
range of 11 % to about 20 %. Other alloying elements, for example silicon and manganese, 
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may also be present. The material also contains unavoidable impurities, together with a low 
level of other elements which may arise from additions necessitated during the manufacturing 
process, to improve machinability for example sulphur, selenium or lead or to enhance 
corrosion resistance for example molybdenum, titanium or niobium. As compared to 
conventional stainless steels, grades developed for magnetic applications have more stringent 
chemical and processing limits to yield more consistent magnetic performance. 

4.4.3.3 Basis of subclassification 

The recommended subclassification is based on chromium content and fabrication 
characteristics. Grades D31-01, D31-03 and D31-05 are intended for applications requiring 
good cold forming characteristics and weldability. Grades D31-02, D31-04 and D31-06 are 
intended for applications requiring improved machinability. Grades D31-01 and D31-02 have 
reduced chromium contents for reduced alloy cost and higher saturation polarization. They 
are, however, only suitable for moderately corrosive environments. Grades D31-03 and D31-
04 are intended for use in more corrosive environments, while grades D31-05 and D31-06 are 
intended for use in the most corrosive environments though with some reduction in magnetic 
performance. 

4.4.3.4 Available forms 

The materials are normally supplied as billet, bar, rod, wire, sheet or strip. 

4.4.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: saturation magnetic polarization, maximum permeability, remanent 
magnetic polarization, coercivity; 

• electrical: resistivity; 

• mechanical: machinability, cold formability, weldability, hardness; 

• chemical: corrosion resistance. 

Although the chromium content influences the magnetic polarization and electrical resistivity, 
it does not have a pronounced effect on maximum permeability and coercivity. 

4.4.3.6 Main applications 

These materials are used in magnetic cores and other parts requiring a high-permeability 
stainless steel having low coercive force and low residual magnetism: magnetic solenoid 
valves and automotive electromechanical devices such as fuel injectors and anti-lock braking 
systems. 

4.5 Class E – Nickel-iron alloys 

4.5.1 Class E1 – Nickel content 70 % to 85 % 

4.5.1.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.1.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
70 % to 85 %. Alloying elements such as molybdenum, copper, manganese, chromium or 
silicon may be added to increase resistivity and improve magnetic properties. The materials 
also contain unavoidable impurities, together with a low level of other elements which may 
arise from additions necessitated during the manufacturing process. 
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4.5.1.3 Basis of subclassification 

The recommended subclassification is based on the coercivity or the amplitude permeability 
at a magnetic field strength of 0,4 A/m and the shape of the hysteresis loop: round, flat or 
rectangular. 

4.5.1.4 Available forms 

The materials are available as hot-rolled sections and strip, forgings, cold-drawn wire and 
cold-rolled sheets, strip. They are commonly supplied in the semi-processed state, but a 
number of materials, particularly those with flat or rectangular hysteresis loop, are available in 
the final heat-treated state for example as toroidal strip wound cores. 

4.5.1.5 Physical characteristics 

A more complete definition of the material can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
saturation magnetic polarization, coercivity, maximum amplitude.  

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6 
according to product form. 

4.5.1.6 Main applications 

The materials are used where high permeability at low magnetic field strength in combination 
with high remanent or saturation magnetic polarization is required. 

• Round hysteresis 
loop: 

measuring instruments, current transformers, low-power 
transformers, relay parts, transducers, protective ground-fault 
circuit breakers, rotor and stator laminations, magnetic shielding; 

• Flat hysteresis loop: pulse transformers, thyristor protective chokes, protective ground-
fault circuit-breakers; 

• Rectangular 
hysteresis loop: 

magnetic amplifiers, AC/DC converters, saturable inductors, pulse 
transformer cores. 

4.5.2 Class E2 – Nickel content 54 % to 68 % 

4.5.2.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.2.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
54 % to 68 %. In some instances, part of the nickel may be replaced by cobalt. Additionally, 
molybdenum, copper, manganese, chromium or silicon may be present to increase resistivity 
and improve magnetic properties. The materials also contain unavoidable impurities, together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. 

4.5.2.3 Basis of subclassification 

A possible basis is the shape of the hysteresis loop: round or flat (magnetic field annealed). 

4.5.2.4 Available forms 

The materials are available as semi-processed cold-rolled strip or fully processed strip-wound 
cores. 
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4.5.2.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum amplitude permeability, saturation magnetic polarization, 
remanent magnetic polarization, coercivity; 

• electrical: resistivity; 

• mechanical: 

• metallurgical state: 

suitability for winding operations;  
semi-processed state, i.e. cold-rolled or fully processed state, i.e. 
final annealed (with or without magnetic field). 

Typical values for magnetic properties in the fully processed state are given in the 
corresponding product specification. 

Magnetic measurements are made in accordance with IEC 60404-6. 

4.5.2.6 Main applications 

The materials are used where high permeability at low magnetic field strength is required. 

• Round hysteresis 
loop: 

protective ground-fault circuit-breakers, transducers, measuring 
transformers; 

• Flat hysteresis loop: protective ground-fault circuit-breakers, pulse transformers, 
thyristor protective choke. 

4.5.3 Class E3 – Nickel content 40 % to 51 % 

4.5.3.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.3.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
40 % to 51 %. Alloying elements such as molybdenum, manganese, copper, chromium or 
silicon may be added to increase resistivity and improve magnetic properties. The materials 
also contain unavoidable impurities, together with a low level of other elements which may 
arise from additions necessitated during the manufacturing process. 

4.5.3.3 Basis of subclassification 

The recommended subclassification is based on the amplitude permeability at a magnetic 
field strength of 0,4 A/m or the shape of the hysteresis loop: round (isotropic), flat (magnetic 
field annealed) or rectangular (anisotropic). 

4.5.3.4 Available forms 

The isotropic materials are available as hot-rolled sections and strip, forgings, cold drawn wire 
and cold-rolled sheet and strip. 

The materials with flat hysteresis loop are available as strip-wound core. 

The anisotropic materials are available as cold-rolled strip or tape. 

4.5.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
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saturation magnetic polarization, coercivity, remanence ratio; 

• electrical: resistivity; 

• mechanical: suitability for punching or deep drawing operation; 

• metallurgical state: the materials require a heat treatment to develop their full magnetic 
properties. 

Values for magnetic properties in the fully processed state are given in the corresponding 
product specification. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

4.5.3.6 Main applications 

The materials are used where high permeability at low magnetic field strength in combination 
with high remanent or saturation magnetic polarization is required. 

• Round hysteresis 
loop: 

measuring instruments, current transformers, low-power 
transformers, relay parts, transducers, protective ground-fault 
circuit-breakers, rotor and stator laminations, magnetic shielding, 
sensors; 

• Flat hysteresis loop: pulse transformers, thyristor protective chokes, protective ground 
fault circuit breakers; 

• Rectangular 
hysteresis loop: 

magnetic amplifiers, AC/DC converters, saturable inductors, pulse 
transformer cores. 

4.5.4 Class E4 – Nickel content 35 % to 40 % 

4.5.4.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.5.4.2 Chemical composition 

The basic constituents of these materials are iron and nickel whose content is in the range of 
35 % to 40 %. Alloying elements such as molybdenum, manganese, copper, chromium or 
silicon may be added to increase resistivity and improve magnetic properties. The materials 
also contain unavoidable impurities, together with a level of other elements which may arise 
from additions necessitated during the manufacturing process. 

4.5.4.3 Basis of subclassification 

The recommended subclassification is based on the coercivity or the amplitude permeability 
at a magnetic field strength of 1,6 A/m. 

4.5.4.4 Available forms 

The materials are available as hot-rolled sections and strips, forgings, cold-drawn wire and 
cold-rolled sheet and strip. It is commonly supplied in the semi-processed state, but a number 
of materials are available in the fully processed state. 

4.5.4.5 Physical characteristics 

A more complete definition of the material can be based on the following characteristics: 

• magnetic: coercivity, magnetic polarization at various values of magnetic field 
strength; 

• electrical: resistivity; 
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• mechanical: suitability for punching and deep drawing operations; 

• metallurgical state: the materials require a heat treatment to develop their full magnetic 
properties. 

Specified values for magnetic properties of materials in the fully processed state are given in 
the corresponding product specification. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

4.5.4.6 Main applications 

The materials are used for high-frequency and pulse applications, telecommunication 
translators, high-frequency filters or transformers, blocking transformers, pulse transformers, 
magnetic shields. 

4.5.5 Class E5 – Nickel content 29 % to 33 % 

4.5.5.1 Reference document 

These materials are not covered by an IEC publication. 

4.5.5.2 Chemical composition 

The basic constituents of these materials are iron and nickel. The Curie temperature is 
strongly dependent on the nickel content. Alloying elements such as copper may be added to 
improve magnetic performance. The materials also contain unavoidable impurities together 
with a low level of other elements which may arise from additions necessitated during the 
manufacturing process. 

4.5.5.3 Basis of subclassification 

A possible basis of subclassification is the maximum service temperature. 

4.5.5.4 Available forms 

The materials are supplied as cold-rolled strip or cold-drawn wire usually in the fully 
processed condition. 

4.5.5.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: change of magnetic polarization with temperature for a given 
magnetic field strength and a given range of temperature; 

• electrical: resistivity; 

• metallurgical state: semi-processed, i.e. cold-rolled or cold-drawn; 
fully processed, i.e. final annealed. 

4.5.5.6 Main applications 

Temperature compensators (magnetic shunts) for permanent magnet measuring devices 
especially for electric current (watt-hour) meters and automotive voltage regulators. 
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4.6 Class F – Iron-cobalt alloys 

4.6.1 Class F1 – Cobalt content 47 % to 50 % 

4.6.1.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.6.1.2 Chemical composition 

The basic constituents of these materials are iron and cobalt whose content is in the range of 
47 % to 50 %. Alloying elements such as vanadium, chromium, zirconium, niobium or 
tantalum may be added to improve ductility. 

4.6.1.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.6.1.4 Available forms 

The materials are supplied as hot-rolled rectangular and round bars, cold-drawn wire, strip 
and sheet, forgings and cold-rolled strip. 

4.6.1.5 Physical characteristics 

A more complete definition of the material can be based on the following characteristics: 

• magnetic: maximum relative permeability, saturation magnetic polarization, 
magnetic polarization for various values of magnetic field strength, 
remanence, coercivity, specific total loss; 

• mechanical: suitability for punching operations in the cold-worked state, 
machinability in the hot-worked or heat-treated state, yield strength; 

• metallurgical state: the materials require a heat treatment to develop their full magnetic 
properties. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Values for magnetic properties of final annealed material are given in the corresponding 
product specification. 

4.6.1.6 Main applications 

The materials are used in applications involving extremely high magnetic polarizations in low 
or medium magnetic fields such as motors and generators with highest power density, 
actuators, transformers, relays, electromagnetic and electro-mechanical devices for 
aeronautical or aerospace equipment, pole pieces for electromagnets, magnetic lenses and 
magnetic bearings. 

4.6.2 Class F2 – Cobalt content 35 % 

4.6.2.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.6.2.2 Chemical composition 

The basic constituents of these materials are iron and cobalt the content of which is 
approximately 35 %. Alloying elements such as vanadium or chromium may be added to 
improve ductility. 
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4.6.2.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.6.2.4 Available forms 

The materials are available as hot-rolled strip and sheet, forgings and castings. 

4.6.2.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
saturation magnetic polarization; 

• mechanical: machinability in the hot-worked or heat-treated state; 

• metallurgical state: semi-processed state, i.e. hot-rolled or hot-worked; the material 
requires a heat treatment to develop its full magnetic properties. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Specified values for magnetic properties of the final annealed materials are given in the 
corresponding product specification. 

4.6.2.6 Main applications 

The materials are mainly used for applications involving either extremely high magnetic 
polarizations or unusually high temperatures and as pole pieces for electromagnets. 

4.6.3 Class F3 – Cobalt content 23 % to 30 % 

4.6.3.1 Reference document 

These materials are covered by IEC 60404-8-6. 

4.6.3.2 Chemical composition 

The basic constituents of these materials are iron and cobalt of which the content is in the 
range of 23 % to 30 %. Alloying elements such as vanadium, niobium, molybdenium or 
chromium may be added to improve ductility. 

4.6.3.3 Basis of subclassification 

The recommended subclassification is based on the coercivity. 

4.6.3.4 Available forms 

The materials are available as hot-rolled round bars, hot-rolled sheet and strip, forgings, cold-
drawn wire and cold-rolled strip and tape. 
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4.6.3.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
saturation magnetic polarization; 

• mechanical: ductility; suitability for punching operations in the cold-worked state 
and machinability in the hot-worked or heat-treated state; 

• metallurgical state: semi-processed state, i.e. hot-rolled, cold-rolled, forged, cast or 
cold-drawn. The material requires a heat treatment to develop its 
full magnetic properties. 

Magnetic measurements are made in accordance with either IEC 60404-4 or IEC 60404-6, 
according to product form. 

Specified values for the magnetic properties of final annealed material are given in the 
corresponding product specification. 

4.6.3.6 Main applications 

These materials are mainly used for applications involving either extremely high magnetic 
polarizations or particularly high temperatures, such as for electromagnetic and electro-
mechanical devices for aeronautical or aerospace equipment, especially when subjected to 
mechanical load in service such as liquid metal pumps and magnetic bearings. They are also 
used for pole pieces for electromagnets. 

4.7 Class G – Other alloys 

4.7.1 Class G1 – Aluminium-iron alloys 

4.7.1.1 Reference document 

These materials are not covered by an IEC publication. 

4.7.1.2 Chemical composition 

The basic constituents of these materials are iron and aluminium whose content may be 
between 12 % and 16 %, together with unavoidable impurities. These materials may contain 
additions of chromium and rhenium to improve the magnetic properties of the alloy. 

4.7.1.3 Basis of subclassification 

The recommended subclassification is based on the aluminium content. 

4.7.1.4 Available forms 

The materials are normally supplied in the form of hot-rolled bars, strips and sheets or cast or 
sintered structural parts. 
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4.7.1.5 Physical characteristics 

In addition to aluminium content, a more complete definition can be based on the following 
properties: 

• magnetic: initial and maximum permeability, coercivity, saturation magnetic 
polarization, magnetostriction; 

• mechanical: hardness, suitability for punching operations, surface condition; 

• metallurgical state: hot-rolled, cast, sintered; 

• dimensions: thickness, width (as required), diameter. 

4.7.1.6 Main applications 

The materials are used in the manufacture of laminated cores for magnetic heads and 
ultrasonic transducers or as structural parts of magnetic circuits. 

4.7.2 Class G2 – Aluminium-silicon-iron alloys 

4.7.2.1 Reference document 

These materials are not covered by an IEC publication. 

4.7.2.2 Chemical composition 

The basic constituents of these materials are iron, aluminium, the content of which may be 
between 5 % to 6,5 %, and silicon, the content of which may be between 7 % and 9,5 %, 
together with unavoidable impurities. These alloys may contain additions of titanium, cerium, 
niobium and vanadium to improve magnetic and mechanical properties. 

4.7.2.3 Basis of subclassification 

The recommended subclassification is based on the initial permeability. 

4.7.2.4 Available forms 

The materials are normally supplied in the form of castings or of semi-processed products, for 
example, powder. 

4.7.2.5 Physical characteristics 

In addition to the initial permeability, a more complete definition can be based on the following 
characteristics: 

• magnetic: saturation magnetic polarization, coercivity, initial permeability, 
maximum permeability; 

• electrical: resistivity; 

• mechanical: hardness; 

• metallurgical state: as cast; 

• dimensions: determined by application. 

4.7.2.6 Main applications 

The materials are used for the parts of magnetic circuits, magnetic heads and as semi-
processed products, for example, powder. 
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4.8 Class H – Magnetically soft materials made by powder metallurgical techniques 

4.8.1 Class H1 – Soft ferrites 

4.8.1.1 Reference document 

These materials are covered by IEC 60401-3. 

4.8.1.2 Chemical composition 

The majority of commercially available soft ferrites are polycrystalline ceramics having a cubic 
crystal structure and a typical formula MFe2O4 where M usually represents one or more of the 
divalent transition metals. In the most common materials, M is either a combination of 
manganese and zinc, or of nickel and zinc. 

4.8.1.3 Basis of subclassification 

The recommended subclassification is based on the initial permeability. 

4.8.1.4 Available forms 

Magnetically soft ceramics are generally supplied in the form of magnetic components, for 
which the raw materials are made into powder, formed to the required shape, sintered and 
mechanically finished. Only a very small proportion is supplied as a material in the form of a 
(fully sintered) magnetic powder. 

Calcined powders for component production cannot be considered as ferrite material for the 
purpose of this classification. 

4.8.1.5 Physical characteristics 

A more complete definition of these materials may be based on the following characteristics: 

• magnetic: initial permeability, saturation magnetic flux density, remanent flux 
density, coercivity, relative loss factor at low flux density, hysteresis 
material constant, relative temperature factor, disaccommodation 
factor, total harmonic distortion factor, power loss (volume) density, 
amplitude permeability;  

• mechanical: density; 

• thermal: Curie temperature; 

• electrical: resistivity, normalized impedance; 

• shapes: rods, tubes, screw and drum cores, balun cores, multi-hole bead, 
ring cores, EP, E, EFD, PQ, pot, PM, RM and U cores. 

Where material values are quoted, these are normally measured on ring cores of stated 
dimensions and identical characteristics cannot always be realized on a component of 
differing geometry. 

Typical ranges of properties for the Mn-Zn- and the Ni-Zn-ferrites are given in the 
corresponding product specification. 

The properties depend strongly on the exact composition, i.e. the metal ions and their 
proportion. The heat treatment including atmosphere and cooling rate are critical factors in 
developing the properties. 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many separate materials, each intended for a relatively 
small group of applications. 
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4.8.1.6 Main applications 

Among the most important applications are the following: 

– cores for inductors and transformers operating at frequencies in the range from audio 
frequency to several hundred MHz; 

– cores for pulse transformers up to several hundred MHz; 
– aerial rods; 
– cores for power transformers operating at frequencies in the range from about 5 kHz to 

about 30 MHz; 
– ring cores and multiaperture cores for data storage devices; 
– cores for recording heads; 
– cores for deflection coils on cathode-ray tubes; 
– cores for reciprocal and non-reciprocal microwave devices; 
– beads for RF decoupling and attenuation of unwanted signals. 

4.8.2 Class H2 – Magnetically soft sintered materials 

4.8.2.1 Reference document 

These materials are covered by IEC 60404-8-9. 

4.8.2.2 Chemical composition and manufacturing method 

Magnetically soft sintered materials are produced by the powder metallurgical (PM) technique. 
This manufacturing technology allows the economical manufacture of structural parts. An 
additional heat treatment is necessary if the structural parts have to be machined to keep the 
prescribed tolerances or to complete the final shape. 

Besides plain iron FeP-alloys containing 0,3 % to 0,8 % P, FeNi-alloys containing 30 % to 85 
% Ni, FeCo-alloys containing 40 % to 55 % Co and FeSi-alloys containing 0,3 % to 3,5 % Si 
are usual. 

4.8.2.3 Basis of subclassification 

For each alloy the recommended subclassification is based on the coercivity. 

4.8.2.4 Available forms 

Magnetically soft sintered materials are generally supplied as structural parts. 

4.8.2.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: magnetic polarization at various values of magnetic field strength, 
saturation magnetic polarization, maximum permeability; 

• mechanical: density, porosity, hardness; 

• electrical: resistivity. 

Physical and magnetic properties are given in the corresponding product specification. 

4.8.2.6 Main application 

The materials are used as structural parts in magnetic circuits. 
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4.8.3 Class H3 – Powder composites 

4.8.3.1 Reference document 

These materials are not covered by an IEC publication. 

4.8.3.2 Chemical composition and manufacturing method 

Powder composite materials consist of a basic magnetic powder and inorganic or organic 
electrically insulating additives and binders. 

Pure iron (Fe), iron-silicon (FeSi, FeSiAl) and nickel-iron (FeNi, FeNiMo) powder composites 
are in use. Powder metallurgical techniques such as cold-isostatic pressing, die pressing or 
injection moulding are used for manufacturing. 

4.8.3.3 Basis of subclassification 

For each material the recommended subclassification is based on the initial permeability. 
A possible basis of subclassification is the composition of the alloying elements. 

4.8.3.4 Available forms 

Powder composite materials are supplied as structural parts (powder cores) or cold isostatic 
pressed blanks. In the case of organic bound composites, shaping by machining is possible. 

4.8.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: initial permeability, saturation magnetic polarization, total loss 
density; 

• mechanical: density; 

• electrical: resistivity. 

4.8.3.6 Main application 

The materials are used as ring-shaped powder cores for inductive components (storage 
chokes) and as structural parts in motor applications. 

4.9 Class I – Amorphous soft magnetic materials 

4.9.1 General 

Amorphous alloys are non-crystalline materials which are produced via rapid solidification by 
casting as thin sheets, wires and powders. Due to the lack of long-range atomic order, they 
have no magneto-crystalline anisotropy. Interesting soft magnetic properties are found in Fe-
based alloys with relatively high saturation magnetic polarization and in Co-based alloys with 
near-zero magnetostriction. 
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4.9.2 Class I1 – Iron-based amorphous alloys 

4.9.2.1 Reference document 

These materials are not covered by an IEC publication. 

4.9.2.2 Chemical composition 

The basic constituents of these materials are iron and metalloids (mainly silicon and boron) 
the content of which is commonly in the range of 16 % by atoms to 30 % by atoms. These 
alloys may further contain additions of titanium, vanadium, chromium, zirconium, niobium, 
manganese, carbon or molybdenum to improve magnetic and mechanical properties. Part of 
the iron may be substituted by nickel or cobalt. 

4.9.2.3 Basis of subclassification 

The recommended subclassification is based on the saturation magnetic polarization and the 
shape of the hysteresis loop. 

4.9.2.4 Available forms 

The materials are normally supplied in the form of rapidly solidified thin ribbons of typical 
thickness 20 µm to 50 µm and in the form of tape wound cores. 

4.9.2.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: specific total loss as a function of magnetic polarization and 
frequency, specific apparent power, saturation magnetic 
polarization, magnetostriction, coercivity, initial permeability, 
reversible permeability at various values of magnetic field strength, 
squareness of the B-H loop, remanence; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature; 

• dimensions: thickness, width; 

• mechanical: ductility, stacking factor; 

• metallurgical state: semi-processed state, i.e. as cast. The magnetic properties are 
developed by the heat treatment in a magnetic field. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. 

4.9.2.6 Main applications 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many different materials, each intended for a relatively 
small group of applications. 

The most important ones are: 

• core material for distribution transformers at power frequency, 

• cores for inductors and transformers operating at frequencies up to several hundred kHz, 
and 

• theft detection tags. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

40
4-1

:20
16

 R
LV

https://iecnorm.com/api/?name=14c927e3c8730f2351fbbe1fb02ecc45


 – 32 – IEC 60404-1:2016 © IEC 2016 

4.9.3 Class I2 – Cobalt-based amorphous alloys 

4.9.3.1 Reference document 

These materials are not covered by an IEC publication. 

4.9.3.2 Chemical composition 

The basic constituents of these materials are cobalt and iron or manganese whose content is 
commonly in the range of 2 % by atoms to 10 % by atoms and metalloids (silicon and boron 
mainly) whose content is in the range of 18 % by atoms to 30 % by atoms. Cobalt may be 
partly substituted by nickel. These alloys may contain additions of titanium, vanadium, 
chromium, zirconium, niobium, molybdenum, ruthenium, hafnium, tantalum and tungsten to 
improve magnetic and mechanical properties. 

4.9.3.3 Basis of subclassification 

The recommended subclassification is based on the saturation magnetic polarization and the 
shape of the hysteresis loop. 

4.9.3.4 Available forms 

The materials are normally supplied in the form of rapidly solidified thin strips with a typical 
thickness of 10 µm to 50 µm and in the form of tape wound cores. 

4.9.3.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: magnetostriction, initial permeability, reversible permeability at 
various values of magnetic field strength, specific total loss as a 
function of frequency, squareness of the B-H loop, coercivity; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature; 

• dimensions: thickness, width; 

• metallurgical state: semi-processed state, i.e. as cast. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. Some magnetic properties can be developed by further heat treatment with or 
without a magnetic field. 

4.9.3.6 Main applications 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many different materials, each intended for a relatively 
small group of applications. 

The most important ones are 

• cores for inductors and transformers operating at frequencies in the range from 50 Hz to 
several MHz, 

• cores for pulse transformers, 

• cores for recording heads, and 

• flexible magnetic shielding. 
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4.9.4 Class I3 – Nickel-based amorphous alloys 

4.9.4.1 Reference document 

These materials are not covered by an IEC publication. 

4.9.4.2 Chemical composition 

The basic metallic constituents of these materials are nickel and iron in approximately equal 
amounts by weight and which form about 90 % of the alloy by weight. In some alloys 
molybdenum can be present. The principal metalloid is boron although phosphorus and silicon 
can also be present. 

4.9.4.3 Basis of subclassification 

The recommended subclassification is based on the shape of the hysteresis loop. 

4.9.4.4 Available forms 

The materials are normally supplied in the form of rapidly solidified thin strips with a typical 
thickness of 15 µm to 50 µm. 

4.9.4.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: magnetostriction, initial permeability, reversible permeability at 
various values of magnetic field strength, specific total loss as a 
function of frequency, squareness of the B-H loop, coercivity, 
shielding attenuation ratio; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature; 

• dimensions: thickness, width; 

• metallurgical state: semi-processed state, i.e. as cast. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. Some magnetic properties can be developed by further heat treatment with or 
without a magnetic field. 

4.9.4.6 Main applications 

The main applications are for article surveillance sensors and magnetic EMI shielding. 

4.10 Class J – Nano-crystalline soft magnetic materials 

4.10.1 Reference document 

These materials are not covered by an IEC publication. 

4.10.2 Production process 

Iron-based nano-crystalline alloys are produced via rapid solidification by casting as thin 
sheets, wires or powders. After this casting process the material is in the amorphous state. 
The desirable nano-crystalline state is achieved by annealing at temperature between 500 °C 
and 600 °C. Nano-crystalline alloys exhibit a high saturation magnetic polarization and an 
almost zero magnetostriction due to their nano-crystalline microstructure. 
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4.10.3 Chemical composition 

The basic constituents of these materials are iron, copper typically around 1 % by atoms, 
niobium around 3 % by atoms and metalloids (mainly silicon and boron) typically in the range 
of 16 % by atoms to 28 % by atoms. These alloys may further contain additions of zirconium, 
molybdenum, tantalum, titanium, vanadium, phosphorus, chromium, manganese and carbon 
to improve the magnetic and mechanical properties. 

4.10.4 Basis of subclassification 

The recommended subclassification is based on the saturation magnetic polarization and the 
shape of the hysteresis loop. 

4.10.5 Available forms 

The materials can be supplied in the amorphous state in the form of rapidly solidified thin 
ribbons of typical thickness 12 µm to 30 µm and in the nanocrystalline state in the form of 
tape wound cores. 

4.10.6 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: specific total loss as a function of magnetic polarization and 
frequency, specific apparent power, saturation magnetic 
polarization, magnetostriction, coercivity, initial permeability, 
reversible permeability at various values of magnetic field strength, 
squareness of the B-H loop, remanence; 

• electrical: resistivity; 

• thermal: Curie temperature, crystallization temperature of the 
nanocrystalline grains, crystallization temperature of the amorphous 
matrix; 

• dimensions: thickness, width; 

• mechanical: ductility, stacking factor; 

• metallurgical state: semi-processed state, i.e. as cast. The magnetic properties are 
developed by the heat treatment above the crystallisation 
temperature. Magnetic fields can be used to support the formation 
of induced anisotropies. 

The properties depend strongly on the exact composition of the material and on the heat 
treatment. 

4.10.7 Main applications 

Variation of one property normally influences the value of various other properties. This 
situation gives rise to the existence of many different materials, each intended for a relatively 
small group of applications. 

The most important ones are 

• magnetic cores, 

• inductive components like current transformers and yokes, 

• shielding foils. 
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5 Magnetically hard materials (coercivity > 1 kA/m) 

5.1 Class Q – Magnetostrictive alloys – Rare earth iron alloys (Class Q1) 

5.1.1 Reference document 

These materials are not covered by an IEC publication. 

5.1.2 Chemical composition 

The basic constituents of these materials are iron, terbium and dysprosium. In TbxDy(1-x)Fey 
compounds, the value of x determines the Tb/Dy ratio and y is the Fe/(Tb + Dy) ratio. The 
optimum values of x are close to 0,3, where high magnetostriction is obtained without 
excessive hysteresis losses. The stoichiometric value for y = 2,0 produces optimum 
magnetostrictive properties but the resulting materials are very brittle. As y is decreased 
from 2, the material becomes less brittle and the value of y = 1,95 provides a good 
compromise. 

5.1.3 Basis of subclassification 

There is no recognized subclassification. 

5.1.4 Available forms 

Grain-oriented, round bars of different sizes are available manufactured by free stand zone 
melting or modified Bridgeman solidification processes. The cylinder axis is the easy direction 
of magnetization. 

5.1.5 Physical characteristics 

A more complete definition can be based on the following characteristics: 

• magnetic: magnetostrictive strain at saturation, Curie temperature, magneto-
elastic coupling factor k33, d-constant (dλ/dH), relative permeability, 
magnetic specific acoustic impedance, energy density; 

• mechanical: density, modulus of elasticity, sound speed, tensile strength, 
compressive strength; 

• thermal: thermal expansion coefficient; 

• electrical: resistivity; 

• metallurgical state: grain-oriented and heat-treated 

The machinability is limited due to their brittleness. The materials can be ground or cut by 
means of a spark cutter or a diamond wheel. 

5.1.6 Main applications 

The materials are of prime interest for applications involving large forces and fast, high-
precision motion at high power levels. Such applications are in high-power sound projectors in 
sonars and defence systems, for oil field logging and oceanography studies. 

Other applications being developed are as active elements in electromechanical applications. 

5.2 Class R – Magnetically hard alloys 

5.2.1 Class R1 – Aluminium-nickel-cobalt-iron-titanium (AlNiCo) alloys 

5.2.1.1 Reference document 

These materials are covered by IEC 60404-8-1. 
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5.2.1.2 Chemical composition and manufacturing method 

These alloys consist of 8 % to 13 % aluminium, 13 % to 28 % nickel, 5 % to 42 % cobalt, 0 % 
to 9 % titanium, 2 % to 6 % copper, 0 % to 3 % niobium, 0 % to 0,8 % silicon and the balance 
iron. They may contain other additions. 

They are made by casting or a powder metallurgical process. The magnetic performance of 
alloys with a cobalt content higher than 20 % can be increased in a preferred direction by 
applying a magnetic field during heat treatment producing magnetic anisotropy. The best 
performances of cast magnets are achieved with alloys of columnar or single crystal structure, 
the magnetic field being applied parallel to the columnar axis. 

5.2.1.3 Basis of subclassification 

The subclassification is based on the magnetic degree of anisotropy and the manufacturing 
method. 

5.2.1.4 Available forms 

The magnets are mainly produced in the form of rings, prisms, cubes, cylinders or arc 
segments. Cast magnets with columnar or single crystal structure are subject to limitations of 
form and dimensions. 

5.2.1.5 Physical characteristics 

In addition to the degree of anisotropy and the manufacturing method, a more complete 
definition can be based on the following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity, recoil 
permeability; 

• thermal: temperature coefficients of remanent flux density and of coercivity, 
and Curie temperature; 

• mechanical: density, machinability; 

• metallurgical state: cast or sintered and heat-treated; 

• dimensions: determined by application. 

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
AlNiCo alloys are given in the corresponding product specification. 

5.2.1.6 Main applications 

These materials are used in measuring devices and loudspeakers. 

5.2.2 Class R3 – Iron-cobalt-vanadium-chromium (FeCoVCr) alloys 

5.2.2.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.2.2 Chemical composition and manufacturing method 

These materials consist of 49 % to 54 % cobalt, 4 % to 13 % vanadium plus chromium and the 
balance being iron. 

The FeCoVCr alloys are manufactured by casting and subsequent hot and cold rolling or 
drawing to produce strips or wires, respectively. 
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5.2.2.3 Basis of subclassification 

The recommended subclassification is based on the coercivity HcJ. 

5.2.2.4 Available forms 

The material is generally available in the form of wires and bars with diameter < 20 mm or 
strips with a thickness < 6 mm. 

5.2.2.5 Physical characteristics 

A more complete definition of these magnetically anisotropic materials can be based on the 
following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity; 

• thermal: temperature coefficients of remanent flux density and of coercivity, 
and Curie temperature; 

• mechanical: machinability before hardening; 

• metallurgical state: hot- and cold-rolled, heat-treated to develop magnetic properties; 

• dimensions: determined by application. 

Specified values of magnetic properties and density for final annealed anisotropic FeCoVCr 
alloys are given in the corresponding product specification. 

5.2.2.6 Main applications 

These materials are used for compass needles, hysteresis motors, speedometers and 
sensors, and actuators for electromechanical displays. 

5.2.3 Class R5 – Rare earth cobalt (RECo) alloys 

5.2.3.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.3.2 Chemical composition and manufacturing method 

Two main types of RECo magnet material are available; they are based on the compounds 
SmCo5 and Sm2Co17. The SmCo5 alloys consist of 33 % to 36 % samarium and the balance 
cobalt. The Sm2Co17 alloys consist of 24 % to 26 % samarium, 10 % to 20 % iron, 4,5 % to 
12 % copper, other elements (e.g. zirconium, hafnium or titanium) and the balance cobalt. 

Magnets may be formed by compacting the powder in a magnetic field and sintering the 
compacted body followed by heat treatments. 

5.2.3.3 Basis of subclassification 

The recommended subclassification is based on chemical composition and manufacturing 
method. 

5.2.3.4 Available forms 

The materials are typically available in the form of blocks, cylinders, rings and arc segments. 

5.2.3.5 Physical characteristics 

All RECo magnetic materials are normally magnetically anisotropic. 
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A more complete definition can be based on the following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity, recoil 
permeability, uniformity field strength; 

• thermal: temperature coefficients of remanent flux density and of coercivity, 
and Curie temperature; 

• mechanical: density, machinability; 

• metallurgical state: sintered; 

• dimensions: determined by application. 

Sintered materials are brittle but machinable by grinding. 

Ranges of specified values of magnetic properties and density for anisotropic sintered RECo 
alloys are given in the corresponding product specification. In addition, materials with 
improved magnetic properties, especially HcJ, are available. 

5.2.3.6 Main applications 

These materials are mainly used in rotating machines and many other motor applications, 
transducers, separators, magnetic clutches and for medical applications. They find particular 
application where miniaturization is a requirement. 

5.2.4 Class R6 – Chromium-iron-cobalt (CrFeCo) alloys 

5.2.4.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.4.2 Chemical composition and manufacturing method 

The materials consist of 25 % to 35 % chromium, 7 % to 25 % cobalt, 0,1 % to 3 % other 
elements (e. g. silicon, titanium, molybdenum, aluminium and vanadium) and the balance iron. 

The CrFeCo alloys can be manufactured by casting, followed by hot and cold rolling and 
drawing to produce strips and wires. The magnets can also be formed by a powder 
metallurgical process. The magnetic performance of the cast as well as sintered material can 
be increased in a preferred direction by applying a magnetic field during heat treatment. 

5.2.4.3 Basis of subclassification 

The recommended subclassification is based on the degree of magnetic anisotropy and the 
manufacturing method (cast or sintered). 

5.2.4.4 Available forms 

The materials are generally available in the form of wire, strip and rod. They are also 
available in the form of cast shapes. 
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5.2.4.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity, recoil 
permeability; 

• thermal: temperature coefficients of remanent flux density and of coercivity, 
and Curie temperature; 

• mechanical: machinability and workability; 

• metallurgical state: cold-rolled or drawn, cast, sintered; 

• dimensions: determined by application. 

Ranges of specified values of magnetic properties and density for final annealed isotropic and 
anisotropic CrFeCo alloys are given in the corresponding product specification. 

5.2.4.6 Main applications 

These materials are used for measuring devices, loudspeakers, rotating machines (including 
hysteresis motors), speedometers and theft detection labels and tags. 

5.2.5 Class R7 – Rare earth-iron-boron (REFeB) alloys 

5.2.5.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.2.5.2 Chemical composition and manufacturing method 

The alloys are based on the compound RE2Fe14B. RE is mainly neodymium, which may be 
partially substituted by dysprosium, praseodymium or other rare earths. Iron may be partially 
substituted by cobalt. The alloys consist of 28 % to 35 % total rare earth, 0 % to 15% cobalt. 
0,85 % to 1,2 % boron, 0 % to 10% dysprosium, terbium and praseodymium, 0 % to 1 % 
vanadium, niobium, aluminium, gallium and copper, the balance iron. Magnets of this type can 
be divided into two main groups: 

• the first group is prepared by compacting milled alloy powder in a magnetic field and 
sintering the compacted body for densification followed by a heat treatment, resulting in a 
magnet with anisotropic magnetic properties; 

• the second group uses rapidly solidified flakes prepared by the melt-spinning process. 
Three different products are obtained by processing the flakes into an isotropic resin-
bonded magnet (see 5.5.4), an isotropic hot-pressed magnet and a magnet with 
anisotropic magnetic properties achieved by hot die upset forging or extrusion. 

A metallic or resinous layer on the surface of the magnet may be applied to resist corrosive 
attacks. 

5.2.5.3 Basis of subclassification 

The recommended subclassification is based on the degree of magnetic anisotropy of the 
material and the manufacturing method. 

5.2.5.4 Available forms 

The materials are typically available in the form of blocks, cylinders, rings and arc segments. 
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5.2.5.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity, recoil 
permeability, demagnetization field strength; 

• thermal: temperature coefficients of remanent flux density and of coercivity, 
and Curie temperature; 

• mechanical: density, machinability; 

• dimensions: determined by application. 

Sintered or hotpressed materials are brittle, but machinable by grinding. 

Ranges of specified values of magnetic properties and density for anisotropic sintered REFeB 
alloys are given in the corresponding product specification. 

5.2.5.6 Main applications 

The materials are mainly used for traction motors for hybrid electric vehicles (HEV) and 
electric vehicles (EV), direct drive type generators for wind turbines, voice coil motors and 
many other electrical motors, electroacoustical applications, separators, magnetic resonance 
imaging (MRI). 

5.3 Class S – Magnetically hard ceramics – Hard ferrites (Class S1) 

5.3.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.3.2 Chemical composition and manufacturing method 

The composition of the hard ferrites can be described by the formula MO·n Fe203 (where M is 
barium or strontium). The value of n can vary from 4,5 to 6,5. The magnetic properties may be 
improved by special substitutions. This is particularly so with substitutions of up to 9 % of 
lanthanum and up to 4 % of cobalt. The hard ferrites have a hexagonal structure crystal with 
magnetic anisotropy. 

Compacting of the powder is carried out with or without a magnetic field, thus obtaining 
anisotropic or isotropic magnets. The pressed bodies are sintered. 

5.3.3 Basis of subclassification 

The recommended subclassification is based on the degree of magnetic anisotropy and the 
manufacturing method. 

5.3.4 Available forms 

Magnetic isotropic and anisotropic sintered hard ferrites are mainly produced as rings, 
prismatic blocks, cylinders and arc segments. 
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5.3.5 Physical characteristics 

A more complete definition of these materials can be based on the following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity, recoil 
permeability; 

• thermal: temperature coefficients of remanent flux density and of coercivity, 
and Curie temperature; 

• mechanical: density, machinability, mechanical strength; 

• dimensions: determined by application. 

Sintered materials are brittle, but machinable by grinding. Sintered magnets have usually 
large transverse dimensions compared with their length. 

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
hard ferrites are given in the corresponding product specification. 

5.3.6 Main applications 

The materials are mainly used in rotating machines, loudspeakers, holding devices and toys. 

5.4 Class T – Other magnetically hard materials – Martensitic steels (Class T1) 

5.4.1 Reference document 

These materials are not covered by an IEC publication. 

5.4.2 Composition 

These materials have a tetragonal structure which is achieved by water quenching from the 
austenitic phase. This structure combines mechanical with magnetic hardness. In addition to 
carbon, alloying elements such as cobalt or chromium are present. 

5.4.3 Basis of subclassification 

The recommended subclassification is based on the cobalt content. 

5.4.4 Available forms 

These materials are available as hot-rolled sections. 

5.4.5 Physical characteristics 

A more complete definition of these materials may be based on the following characteristics: 

• magnetic: maximum BH product, remanent flux density, coercivity; 

• thermal: temperature coefficients of magnetic remanence and of coercivity, 
and Curie temperature; 

• mechanical: density; 

• metallurgical state: hot-rolled and quenched, tempered; 

• dimensions: determined by application. 

For hysteresis motors which are the main application of these materials, a tempering heat 
treatment in the range 300 °C to 550 °C is applied. This reduces the coercivity HcB and 
improves the fullness of the curve. 
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This application requires material in the form of a thin walled cylinder, mechanically strong 
and magnetically homogeneous. 

5.4.6 Main applications 

In the tempered condition the materials are used for hysteresis motors. 

Their use in other conditions is almost obsolete. 

5.5 Class U – Bonded magnetically hard materials 

5.5.1 General 

These bonded magnets are composite materials. They consist of permanent magnet powders 
embedded in a plastic matrix. This binder phase determines to a large extent the mechanical 
properties of the composite, while the magnet powder determines its magnetic properties. The 
properties of the composite are determined not only by the type of magnet powder and the 
matrix material but also by the fill factor and for anisotropic material the degree of alignment. 
There is a wide variety of grades. 

In spite of their lower magnetic values compared with sintered materials, bonded magnets 
offer economic and technical advantages in many applications because they are cost-effective 
to manufacture and allow a wide scope for shaping and good mechanical properties. 
Expensive and elaborate processing steps required in powder metallurgy are not needed. 

5.5.2 Class U1 – Bonded aluminium-nickel-cobalt-iron-titanium (AlNiCo) magnets 

5.5.2.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.2.2 Chemical composition and manufacturing method 

These bonded magnets contain crushed alloys as given in class R1 together with a resin 
binder. This mixture is pressed at elevated temperature and cured. 

5.5.2.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method. 

5.5.2.4 Available form 

The magnets are mainly produced in the form of small blocks. 

5.5.2.5 Physical characteristics 

The magnetic properties are determined by the alloy and the fill factor of the bonding material. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for isotropic bonded AlNiCo 
magnets are given in the corresponding product specification. 

5.5.2.6 Main applications 

The materials are used for watt-hour meters and measuring devices. 
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5.5.3 Class U2 – Bonded rare earth-cobalt (RECo) magnets 

5.5.3.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.3.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered alloys as given in class R5. The powder is mixed 
with a suitable binder and the compact is then formed to shape using either compression or 
injection moulding. 

5.5.3.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method. 

5.5.3.4 Available forms 

The magnets are produced in simple shapes by compression moulding. More complicated 
shapes are produced by injection moulding. 

5.5.3.5 Physical characteristics 

The magnetic properties are determined by the alloy and the fill factor of the bonding material. 
The magnets may be isotropic or by the application of a magnetic field, anisotropic magnets 
may be produced. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
bonded RECo magnets are given in the corresponding product specification. 

5.5.3.6 Main applications 

The materials are used in small motors, follower drives, HiFi equipment, sensors and 
watches. 

5.5.4 Class U3 – Bonded neodymium-iron-boron (REFeB) magnets 

5.5.4.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.4.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered alloys as given in class R7. The powder is mixed 
with a suitable binder and the compact is then formed to shape using either compression or 
injection moulding. 

5.5.4.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method 

5.5.4.4 Available forms 

The magnets are produced in simple shapes by compression moulding. More complicated 
shapes are produced by injection moulding. 
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5.5.4.5 Physical characteristics 

The magnetic properties are determined by the alloy and the fill factor of the bonding material. 
The magnets may be isotropic or, by the application of a magnetic field, anisotropic magnets 
may be produced. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for isotropic bonded NdFeB 
magnets are given in the corresponding product specification. 

5.5.4.6 Main applications 

The materials are used in small motors, hand tools, follower drives, sensors and HiFi 
equipment. 

5.5.5 Class U4 – Bonded hard ferrite magnets 

5.5.5.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.5.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered ferrites as given in class S1. The powder is mixed 
with a suitable binder and the compact is then formed into shape. This can be by 
compression, injection moulding, extrusion or by rolling. 

5.5.5.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition, the degree of 
magnetic anisotropy and the manufacturing method. 

5.5.5.4 Available forms 

The magnets are produced in simple shapes by compression moulding or extrusion. Sheets of 
magnet material can be produced by rolling. More complicated shapes are produced by 
injection moulding. 

5.5.5.5 Physical characteristics 

The magnetic properties are determined by the ferrite and the fill factor of the bonding 
material. The magnets may be isotropic. Anisotropic magnets may be produced by 
compression moulding or rolling or by the application on a magnetic field. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for isotropic and anisotropic 
bonded hard ferrite magnets are given in the corresponding product specification. 

5.5.5.6 Main applications 

The materials are used in magnetic catches, holding magnets, magnetic displays, small 
motors and toys. 
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5.5.6 Class U5 – Bonded rare earth-iron-nitrogen magnets 

5.5.6.1 Reference document 

These materials are covered by IEC 60404-8-1. 

5.5.6.2 Chemical composition and manufacturing method 

These bonded magnets contain powdered Sm2Fe17N3 intermetallic compound. These 
materials consist of 22 % to 27 % samarium, 3,0 % to 4,0 % nitrogen and the balance iron. 
The SmFeN powders are manufactured by the reduction diffusion process using Sm2O3 and 
Fe powders with calcium as a reductant followed by nitrogenation. When the size of the 
processed powders is coarse, a subsequent milling is required. The powder is mixed with a 
suitable binder and the compact is then formed to shape using injection moulding in a 
magnetic field. Obtained bonded magnets are usually anisotropic. 

5.5.6.3 Basis of subclassification 

The recommended subclassification is based on the chemical composition. 

5.5.6.4 Available forms 

The magnets are produced in simple shape by injection moulding in a magnetic field. 

5.5.6.5 Physical characteristics 

The magnetic properties are determined by the alloy, the fill factor of the bonding material and 
the magnetic field strength for alignment. 

The thermal properties are determined by the alloy and the bonding material. 

Ranges of specified values of magnetic properties and density for anisotropic bonded REFeN 
magnets are given in the corresponding product specification. 

5.5.6.6 Main applications 

The materials are used in small motors such as stepping and spindle motors and sensors. 

 

___________ 
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COMMISSION ÉLECTROTECHNIQUE INTERNATIONALE 

____________ 

 
MATÉRIAUX MAGNÉTIQUES – 

 
Partie 1: Classification 

 
AVANT-PROPOS 

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

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

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

4) Dans le but d'encourager l'uniformité internationale, les Comités nationaux de l'IEC s'engagent, dans toute la 
mesure possible, à appliquer de façon transparente les Publications de l'IEC dans leurs publications nationales 
et régionales. Toutes divergences entre toutes Publications de l'IEC et toutes publications nationales ou 
régionales correspondantes doivent être indiquées en termes clairs dans ces dernières. 

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

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

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

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

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

La Norme internationale IEC 60404-1 a été établie par le comité d'études 68 de l'IEC: 
Matériaux magnétiques tels qu'alliages et aciers. 

La présente version bilingue (2017-12) correspond à la version anglaise monolingue publiée 
en 2016-10. 

Cette troisième édition annule et remplace la deuxième édition parue en 2000, dont elle 
constitue une révision technique. 
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Cette édition inclut les modifications techniques majeures suivantes par rapport à l'édition 
précédente: 

a) Suppression de l'ensemble des tableaux et valeurs décrivant les propriétés types du 
matériau dans un souci de cohérence avec l'objectif du document visant à établir une 
classification et non une spécification. 

b) Augmentation de la teneur en Ni pour les classes E1 et E3. 
c) Augmentation de la teneur en Co pour les classes F3. 
d) Ajout d'une nouvelle classe: classe U5 – aimants agglomérés terres rares-fer-azote. 

Le texte anglais de cette norme est issu des documents 68/533/CDV et 68/555/RVC.    

Le rapport de vote 68/555/RVC donne toute information sur le vote ayant abouti à 
l'approbation de cette norme.    

La version française de cette norme n'a pas été soumise au vote.   

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2. 

Une liste de toutes les parties de la série IEC 60404, publiées sous le titre général Matériaux 
magnétiques, peut être consultée sur le site web de l'IEC. 

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de 
stabilité indiquée sur le site web de l'IEC sous "http://webstore.iec.ch" dans les données 
relatives à la publication recherchée. A cette date, le document sera 

• reconduit, 

• supprimé, 

• remplacé par une édition révisée, ou 

• amendé. 
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MATÉRIAUX MAGNÉTIQUES –  
 

Partie 1: Classification 
 
 
 

1 Domaine d'application 

La présente partie de l'IEC 60404 a pour objet la classification des matériaux magnétiques 
disponibles commercialement. 

Le terme "matériaux magnétiques" décrit les substances dont l'application exige l'existence 
de propriétés ferromagnétiques ou ferrimagnétiques. 

Dans le présent document, la classification des matériaux magnétiques est basée sur 
l'existence généralement reconnue de deux groupes principaux de produits: 

• les matériaux magnétiques doux (coercitivité ≤1 000 A/m); 

• les matériaux magnétiques durs (coercitivité >1 000 A/m). 

A l'intérieur de ces groupes principaux, la classification reconnaît lorsque cela est approprié 
les caractéristiques suivantes: 

• l'élément d'alliage principal et l'état métallurgique et les propriétés physiques du matériau; 

• lorsque cela est possible et réalisable pratiquement, la relation entre ces caractéristiques 
est identifiée. 

Une classification selon les domaines spécifiques d'application ne peut être appliquée à tous 
les matériaux, car différents matériaux peuvent bien souvent être utilisés pour la même 
application en fonction des caractéristiques exigées. 

2 Références normatives 

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu, 
des exigences du présent document. Pour les références datées, seule l'édition citée 
s'applique. Pour les références non datées, la dernière édition du document de référence 
s'applique (y compris les éventuels amendements). 

IEC 60050-121, Vocabulaire électrotechnique international – Partie 121: Electromagnétisme 

IEC 60050-151, Vocabulaire électrotechnique international – Partie 151: Dispositifs 
électriques et magnétiques 

IEC 60050-221, Vocabulaire électrotechnique international – Chapitre 221: Matériaux et 
composants magnétiques 

IEC 60401-3, Termes et nomenclature pour noyaux en matériaux ferrites magnétiquement 
doux – Partie 3: Lignes directrices relatives au format des données figurant dans les 
catalogues des fabricants de noyaux pour transformateurs et inductances 

IEC 60404-2, Matériaux magnétiques – Partie 2: Méthodes de mesure des propriétés 
magnétiques des tôles et bandes magnétiques en acier au moyen d'un cadre Epstein 

IEC 60404-3, Matériaux magnétiques – Partie 3: Méthodes de mesure des caractéristiques 
magnétiques des tôles et feuillards magnétiques à l'aide de l'essai sur tôle unique 
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IEC 60404-4, Matériaux magnétiques – Partie 4: Méthodes de mesure en courant continu des 
propriétés magnétiques du fer et de l'acier 

IEC 60404-6, Matériaux magnétiques – Partie 6: Méthodes de mesure des propriétés 
magnétiques des matériaux métalliques et des matériaux en poudre magnétiquement doux, 
aux fréquences comprises entre 20 Hz et 100 kHz, sur des éprouvettes en forme de tore 

IEC 60404-7, Matériaux magnétiques – Partie 7: Méthode de mesure du champ coercitif des 
matériaux magnétiques en circuit magnétique ouvert 

IEC 60404-8-1, Matériaux magnétiques – Partie 8-1: Spécifications pour matériaux 
particuliers – Matériaux magnétiquement durs 

IEC 60404-8-3, Matériaux magnétiques – Partie 8-3: Spécifications pour matériaux 
particuliers – Tôles et bandes magnétiques en acier non allié et en acier allié, laminées à 
froid, livrées à l'état semi-fini 

IEC 60404-8-4, Matériaux magnétiques – Partie 8-4: Spécifications pour matériaux 
particuliers – Bandes et tôles magnétiques en acier à grains non orientés, laminées à froid et 
livrées à l'état fini 

IEC 60404-8-5, Matériaux magnétiques – Partie 8: Spécifications pour matériaux particuliers – 
Section cinq – Spécification des tôles en acier à caractéristiques mécaniques et perméabilité 
magnétique garanties 

IEC 60404-8-6, Matériaux magnétiques – Partie 8-6: Spécifications pour matériaux 
particuliers – Matériaux métalliques magnétiquement doux 

IEC 60404-8-7, Matériaux magnétiques – Partie 8-7: Spécifications pour matériaux 
particuliers – Bandes et tôles magnétiques en acier à grains orientés, laminées à froid et 
livrées à l'état fini 

IEC 60404-8-8, Matériaux magnétiques – Partie 8: Spécifications pour matériaux particuliers – 
Section 8: Spécification des tôles magnétiques extra-minces en acier pour utilisation à 
moyennes fréquences 

IEC 60404-8-9, Matériaux magnétiques – Partie 8: Spécifications pour matériaux particuliers – 
Section 9: Spécification des matériaux magnétiques doux frittés 

IEC 60404-8-10, Matériaux magnétiques – Partie 8-10: Spécifications pour matériaux 
particuliers – Matériaux magnétiques (fer et acier) pour relais 

IEC 60404-10, Magnetic materials – Part 10: Methods of measurement of magnetic properties 
of magnetic sheet and strip at medium frequencies (disponible en anglais seulement) 

ISO 4948-1, Aciers – Classification – Partie 1: Classification en aciers alliés et aciers non 
alliés basée sur la composition chimique 
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3 Termes et définitions 

Pour les besoins du présent document, les termes et définitions donnés dans l'IEC 60050-
121, l'IEC 60050-151, l'IEC 60050-221 et les normes de produits de la série IEC 60404-8 
s'appliquent. 

L'ISO et l'IEC tiennent à jour des bases de données terminologiques destinées à être utilisées 
en normalisation, consultables aux adresses suivantes: 

• IEC Electropedia: disponible à l'adresse http://www.electropedia.org/ 

• ISO Online browsing platform: disponible à l'adresse http://www.iso.org/obp 

4 Matériaux magnétiques doux (coercitivité ≤ 1 kA/m) 

4.1 Classe A – Fers 

4.1.1 Documents de référence 

Ces matériaux sont couverts par l'IEC 60404-8-6 et l'IEC 60404-8-10. 

4.1.2 Composition chimique 

Le constituant de base de ces matériaux est le fer pur, et ils sont souvent appelés "fer 
commercialement pur" ou "fer doux magnétique". Ces matériaux contiennent également des 
impuretés inévitables qui peuvent affecter les propriétés magnétiques. Les quantités 
d'impuretés qui ont un effet défavorable sur la rémanence magnétique, la coercitivité, la 
polarisation de saturation et la stabilité des propriétés magnétiques sont limitées à un niveau 
permettant d'obtenir les propriétés magnétiques exigées pour l'utilisation envisagée. A titre 
d'information, les impuretés les plus significatives lorsqu'elles sont présentes dans ces 
matériaux sont le carbone (jusqu'à 0,03 %), le silicium (jusqu'à 0,1 %), le manganèse (jusqu'à 
0,2 %), le phosphore (jusqu'à 0,015 %), le soufre (jusqu'à 0,03 %), l'aluminium (jusqu'à 
0,08 %), le titane (jusqu'à 0,1 %) et le vanadium (jusqu'à 0,1 %). 

NOTE Pour une meilleure usinabilité, les quantités de phosphore et de soufre peuvent être supérieures aux 
valeurs indiquées ci-dessus. 

4.1.3 Base de sous-classification 

La sous-classification recommandée est fondée sur les valeurs de coercitivité. 

4.1.4 Formes disponibles 

Ces matériaux sont disponibles sous des formes très variées. Ils peuvent être livrés sous 
forme de brames, billettes, lingots ou pièces forgées; barres laminées à chaud de section 
rectangulaire ou carrée; fils machine de section circulaire, hexagonale ou octogonale; barres 
et fils après laminage ou étirage à froid et tôles; ou bandes laminées à chaud ou à froid. 
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4.1.5 Caractéristiques physiques 

Outre la coercitivité, une définition plus complète de ces matériaux peut être fondée sur les 
caractéristiques suivantes: 

• magnétiques: polarisation magnétique à saturation, polarisation magnétique pour 
différentes valeurs d'intensité du champ magnétique (à partir de 
laquelle la perméabilité peut être déterminée), stabilité des 
caractéristiques dans le temps; 

• mécaniques: dureté, aptitude au poinçonnage, usinabilité, aptitude à 
l'emboutissage, résistance à la traction; 

• état métallurgique: formé à chaud ou à froid, forgé, embouti, à l'état fini, c'est-à-dire 
ayant subi un recuit final. 

NOTE Pour les matériaux non livrés à l'état fini, la sous-classification est fondée sur la coercitivité mesurée après 
le traitement thermique effectué conformément aux exigences de la norme de produit ou aux recommandations du 
producteur. 

Les plages de valeurs spécifiées pour les caractéristiques magnétiques mentionnées 
ci-dessus à l'état fini sont données dans les spécifications de produits correspondantes. 

4.1.6 Applications principales 

Les applications principales sont les relais à courant continu, les haut-parleurs, les 
électroaimants, les embrayages magnétiques, les freins, les éléments de circuits magnétiques 
dans les instruments et appareils de mesure, les pièces polaires et pièces diverses pour 
moteurs et génératrices à courant continu. 

4.2 Classe B – Aciers doux à faible teneur en carbone 

4.2.1 Classe B1 – Produits massifs 

4.2.1.1 Document de référence 

Certains de ces matériaux sont couverts par l'IEC 60404-8-10. 

4.2.1.2 Composition chimique 

Le constituant de base de ces matériaux est le fer contenant, en dehors des impuretés 
inévitables, de faibles teneurs en autres éléments qui peuvent provenir d'additions 
nécessaires au cours du procédé de fabrication. La teneur en éléments d'alliage est limitée à 
celle d'un acier non allié tel que défini dans l'ISO 4948-1, en particulier la teneur en silicium 
est inférieure à 0,5 %. 

4.2.1.3 Base de sous-classification 

La sous-classification recommandée est fondée sur la coercitivité. 

4.2.1.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de pièces moulées ou forgées ayant subi 
un traitement thermique final ou partiellement usinées selon les plans fournis par l'utilisateur, 
ou sous forme de barres, fil machine ou fils laminés à chaud, laminés à froid ou étirés. 
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4.2.1.5 Caractéristiques physiques 

Outre la coercitivité, une définition plus complète de ces matériaux peut être fondée sur les 
propriétés suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique; 

• mécaniques: limite d'élasticité (ou limite conventionnelle d'élasticité à 0,2 %), 
allongement (Lo = 5 do), absence de défauts; 

• état métallurgique: formé à chaud ou à froid, recuit pour développer les 
caractéristiques magnétiques exigées. 

Les essais mécaniques et les essais non destructifs sont exécutés conformément aux normes 
ISO appropriées. La coercitivité doit être mesurée conformément à l'IEC 60404-7, les autres 
propriétés magnétiques selon l'IEC 60404-4. 

Les plages de valeurs types des propriétés magnétiques et mécaniques sont données dans la 
spécification de produit correspondante. 

4.2.1.6 Applications principales 

Ces matériaux sont utilisés pour de gros aimants à courant continu pour lesquels aucune 
résistance mécanique n'est exigée (par exemple, aimants de déviation dans des cyclotrons et 
pour des applications dans les relais). 

4.2.2 Classe B2 – Produits plats 

4.2.2.1 Documents de référence 

Ces matériaux sont couverts par l'IEC 60404-8-3, l'IEC 60404-8-4 et l'IEC 60404-8-10. 

4.2.2.2 Composition chimique 

Le constituant de base de ces matériaux est le fer contenant, en dehors des impuretés 
inévitables, de faibles teneurs en autres éléments qui peuvent provenir d'additions 
nécessaires au cours du procédé de fabrication. La teneur en éléments d'alliage est limitée à 
celle d'un acier non allié tel que défini dans l'ISO 4948-1, en particulier la teneur en silicium 
est inférieure à 0,5 %. Ces matériaux peuvent subir un traitement de recuit après 
poinçonnage afin d'accroître leurs propriétés magnétiques. 

4.2.2.3 Base de sous-classification 

La sous-classification recommandée est fondée soit sur les pertes totales massiques qui sont 
fonction de l'épaisseur et sont habituellement mesurées à une polarisation magnétique de 
1,5 T et aux fréquences industrielles courantes, soit (pour les applications dans les relais) sur 
la coercitivité. 

4.2.2.4 Formes disponibles 

Ces matériaux sont livrés sous forme de tôles ou bandes laminées à froid ou (pour les 
applications dans les relais) de tôles, plaques ou bandes laminées à chaud. 
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4.2.2.5 Caractéristiques physiques 

Outre les pertes totales massiques, une définition plus complète de ces matériaux peut être 
fondée sur les propriétés suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique; 

• mécaniques: aptitude au poinçonnage, état de surface, facteur de couplage; 

• état métallurgique: laminé à chaud; état dur, c'est-à-dire laminé à froid; état semi-fini, 
c'est-à-dire recuit puis laminé à froid; 
état fini, c'est-à-dire ayant subi un recuit final. 

NOTE Pour les matériaux livrés à l'état dur ou à l'état semi-fini, la sous-classification est fondée sur les pertes 
totales massiques ou la coercitivité mesurées après le traitement thermique effectué selon les exigences de la 
norme de produit ou les recommandations du producteur. 

• dimensions: épaisseur, largeur et (si exigée) longueur. 

Les épaisseurs nominales recommandées pour les matériaux laminés à froid sont données 
dans les spécifications de produits correspondantes. 

Les mesures magnétiques sont effectuées conformément à l'IEC 60404-2, à l'IEC 60404-3 ou 
à l'IEC 60404-7. 

Les plages de valeurs spécifiées pour les pertes totales massiques maximales après recuit, 
pour les épaisseurs couramment utilisées, sont également données dans les spécifications de 
produits correspondantes. 

La valeur de coercitivité maximale spécifiée pour les matériaux pour relais est comprise entre 
40 A/m et 240 A/m. 

4.2.2.6 Applications principales 

Les matériaux sont utilisés pour la fabrication de noyaux feuilletés destinés aux appareils 
électriques, et particulièrement aux petites machines et aux applications dans les relais. 

4.3 Classe C – Aciers au silicium 

4.3.1 Classe C1 – Produits massifs 

4.3.1.1 Documents de référence 

Certains de ces matériaux sont couverts par l'IEC 60404-8-6 et l'IEC 60404-8-10. 

4.3.1.2 Composition chimique 

Le constituant de base de ces matériaux est le fer et l'élément d'alliage principal est le 
silicium dans une teneur inférieure ou égale à 5 % environ. 

4.3.1.3 Base de sous-classification 

La sous-classification recommandée est fondée sur les valeurs de coercitivité ou de résistivité 
électrique qui est fonction de la teneur en silicium. 

4.3.1.4 Formes disponibles 

Ces matériaux sont présentés sous forme de barres laminées à chaud ou étirées à froid, de 
fils, de barres rectifiées, de billettes à forger, et doivent être soumis à un traitement thermique 
après formage mécanique afin de développer les propriétés magnétiques exigées. 
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4.3.1.5 Caractéristiques physiques 

Outre la coercitivité et la résistivité électrique, une définition plus complète peut être fondée 
sur les caractéristiques suivantes: 

• magnétiques: polarisation magnétique à saturation, polarisation magnétique pour 
différentes valeurs d'intensité du champ magnétique, polarisation 
magnétique rémanente; 

• mécaniques: usinabilité, ductilité, dureté; 

• état métallurgique: formé à chaud ou à froid, recuit pour développer les 
caractéristiques magnétiques exigées.  

4.3.1.6 Applications principales 

Les applications principales sont les circuits magnétiques de relais, les embrayages 
magnétiques, les pièces polaires, les moteurs pas à pas et les enveloppes de gyroscopes. 

4.3.2 Classe C2 – Produits plats 

4.3.2.1 Classe C21 – Aciers isotropes1 (à grains non orientés) pour utilisation aux 
fréquences industrielles 

4.3.2.1.1 Documents de référence 

Ces matériaux sont couverts par l'IEC 60404-8-3, l'IEC 60404-8-4, l'IEC 60404-8-6 et 
l'IEC 60404-8-10. 

4.3.2.1.2 Composition chimique 

Le constituant de base de ces matériaux est le fer. L'élément d'alliage principal est le silicium, 
dans une teneur pouvant être inférieure ou égale à 5 % environ. D'autres éléments d'alliage, 
par exemple l'aluminium, peuvent également être présents. Ce matériau contient également 
des impuretés inévitables, ainsi que de faibles teneurs en autres éléments pouvant provenir 
d'additions nécessaires au cours du procédé de fabrication. 

4.3.2.1.3 Base de sous-classification 

La sous-classification recommandée est fondée sur les pertes totales massiques qui sont 
fonction de l'épaisseur et qui sont normalement mesurées à des valeurs de polarisation 
magnétique de 1,5 T et aux fréquences industrielles. 

Lorsque l'application l'exige (par exemple, pour les relais), il peut être plus approprié de 
fonder la sous-classification sur la coercitivité ou la perméabilité. 

___________ 
1  Il s'agit d'un matériau pratiquement isotrope et élaboré spécialement pour obtenir cette caractéristique. 
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4.3.2.1.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de bandes ou de tôles laminées à froid. 

4.3.2.1.5 Caractéristiques physiques 

Outre les pertes totales massiques, une définition plus complète peut être fondée sur les 
caractéristiques suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique, puissance apparente spécifique pour 
différentes valeurs de la polarisation magnétique, anisotropie des 
pertes; 

• électriques: type de revêtement isolant et sa résistance, résistivité; 

• mécaniques: aptitude au poinçonnage, ductilité, résistance à la traction, dureté, 
état de surface et finition, facteur de couplage, planéité, rectitude 
des rives; 

• état métallurgique: état dur, c'est-à-dire laminé à froid; état semi-fini, c'est-à-dire recuit 
ou recuit et laminé à tiède; état fini, c'est-à-dire recuit final; 

NOTE Pour les matériaux livrés en état dur ou à l'état semi-fini, la sous-classification est fondée sur les pertes 
totales massiques mesurées après traitement thermique effectué selon les exigences de la norme de produit ou 
selon les recommandations du fabricant. 

• dimensions: épaisseur, largeur et (si exigée) longueur. 

Les valeurs d'épaisseur nominale sont données dans les spécifications de produits 
correspondantes. 

Les mesures magnétiques sont effectuées conformément à l'IEC 60404-2 ou l'IEC 60404-3. 
Pour les mesures magnétiques, il convient de retenir les valeurs de masse volumique définies 
dans la norme de produit correspondante. Dans les autres cas, il convient de fixer par accord 
les valeurs de masse volumique. 

Les plages de valeurs spécifiées pour les pertes totales massiques après recuit final, pour 
quatre épaisseurs couramment utilisées, sont données dans les spécifications de produits 
correspondantes. 

4.3.2.1.6 Application principale 

Ces matériaux sont principalement employés pour la confection des circuits magnétiques 
d'appareils électriques, en particulier pour les éléments de machines tournantes dans 
lesquels le flux n'est pas unidirectionnel. Ils peuvent être aussi employés pour la construction 
de relais électromagnétiques, de petits transformateurs, de starters de tubes fluorescents, de 
compteurs électriques, d'écrans et de pôles magnétiques de synchrotrons à électrons et à 
protons. 

4.3.2.2 Classe C22 – Aciers anisotropes2 (à grains orientés) pour utilisation aux 
fréquences industrielles 

4.3.2.2.1 Documents de référence 

Ces matériaux sont couverts par l'IEC 60404-8-6, l'IEC 60404-8-7 et l'IEC 60404-8-8. 

___________ 
2  Il s'agit d'un matériau pratiquement anisotrope et élaboré spécialement pour obtenir cette caractéristique. 
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4.3.2.2.2 Composition chimique 

Le constituant de base de ces matériaux est le fer et l'élément d'alliage principal est le 
silicium (environ 3 %), avec des impuretés inévitables et de faibles teneurs d'autres éléments 
pouvant provenir d'additions nécessaires au cours du procédé de fabrication. Ce type de 
matériau magnétique possède des propriétés anisotropes (orientation cristalline) et présente, 
suivant une direction parallèle à l'axe de laminage, les plus faibles valeurs de pertes 
massiques et les plus hautes valeurs de perméabilité. Ces propriétés sont affectées par les 
traitements mécaniques, et un recuit de relaxation peut permettre d'atteindre les valeurs 
optimales de ces propriétés. 

4.3.2.2.3 Base de sous-classification 

La sous-classification recommandée est fondée sur la perfection de l'orientation cristalline 
exprimée par la polarisation magnétique pour une intensité du champ magnétique de 800 A/m 
et sur les pertes totales massiques qui sont fonction de l'épaisseur et de l'orientation et qui 
sont normalement mesurées aux valeurs de la polarisation magnétique de 1,5 T ou 1,7 T et 
aux fréquences industrielles. 

4.3.2.2.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de bandes ou de tôles laminées à froid 
ayant un revêtement isolant inorganique. 

4.3.2.2.5 Caractéristiques physiques 

Outre la perfection de l'orientation cristalline et les pertes totales massiques, une définition 
plus complète de ces matériaux peut être fondée sur les caractéristiques suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique; 

• électriques: type de revêtement isolant et sa résistance, résistivité; 

• mécaniques: ductilité, état de surface et finition, facteur de couplage, planéité, 
rectitude des rives; 

• état métallurgique: recuit et entièrement recristallisé; 

• dimensions: épaisseur, largeur et (si exigée) longueur. 

Les valeurs d'épaisseur nominale normalement utilisées sont données dans les spécifications 
de produits correspondantes. 

Les mesures magnétiques sont effectuées conformément à l'IEC 60404-2 ou l'IEC 60404-3. 
La masse volumique à retenir pour les calculs est normalement 7,65 kg/dm3 et les 
éprouvettes doivent être prélevées parallèlement à l'axe de laminage et soumises, avant 
mesure, à un recuit de relaxation suivant les recommandations du fabricant. 

Les plages de valeurs spécifiées pour les pertes totales massiques maximales après recuit de 
relaxation, pour les épaisseurs utilisées couramment, sont également données dans les 
spécifications de produits correspondantes. 

De plus, les matériaux pas encore spécifiés dans l'IEC 60404-8-7 sont disponibles. 

4.3.2.2.6 Applications principales 

Ces matériaux sont principalement utilisés pour la confection de circuits magnétiques dans 
lesquels le flux circule essentiellement parallèlement à la direction de laminage à froid comme 
dans les noyaux de transformateurs. 
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4.3.2.3 Classe C23 –Tôles minces d'acier au silicium 

4.3.2.3.1 Document de référence 

Ces matériaux sont couverts par l'IEC 60404-8-8. 

4.3.2.3.2 Composition chimique 

Le constituant de base de ces matériaux est le fer. L'élément d'alliage principal est le silicium, 
dans une teneur pouvant être comprise entre 2 % et 4 %. D'autres éléments d'alliage, 
nommément l'aluminium, peuvent également être présents. Ce matériau contient également 
des impuretés inévitables, ainsi que de faibles teneurs en autres éléments pouvant provenir 
d'additions nécessaires au cours du procédé de fabrication. 

4.3.2.3.3 Base de sous-classification 

La sous-classification recommandée est fondée sur l'anisotropie magnétique et sur les pertes 
totales massiques qui sont fonction de l'épaisseur, de la valeur de polarisation magnétique et 
de la fréquence d'essai. 

4.3.2.3.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de bandes ou de tôles laminées à froid. 

4.3.2.3.5 Caractéristiques physiques 

Outre les pertes totales massiques, une définition plus complète peut être fondée sur les 
caractéristiques suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique; 

• électriques: type de revêtement isolant et sa résistance, résistivité; 

• mécaniques: ductilité, facteur de couplage, planéité, rectitude des rives;  

• état métallurgique: recuit et entièrement recristallisé; 

• dimensions: épaisseur, largeur et (si exigée) longueur. 

Les valeurs spécifiées pour les pertes totales massiques maximales des épaisseurs 
couramment utilisées sont données dans la spécification de produit correspondante. 

Les propriétés magnétiques sont déterminées conformément à l'IEC 60404-10, et les 
éprouvettes d'essai sont préparées comme décrit dans la spécification. 

4.3.2.3.6 Applications principales 

Ces matériaux sont essentiellement utilisés pour la construction de circuits magnétiques 
de transformateurs et de machines tournantes fonctionnant à des fréquences supérieures 
à 100 Hz. 

4.3.2.4 Classe C24 – Aciers avec des propriétés mécaniques et pertes totales 
massiques spécifiées 

4.3.2.4.1 Document de référence 

Ces matériaux ne sont pas couverts par une publication IEC. 
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4.3.2.4.2 Composition chimique 

Le constituant de base de ces matériaux est le fer. L'élément d'alliage principal est le silicium, 
dans une teneur pouvant être comprise entre 2 % et 5 %. D'autres éléments d'alliage tels que 
l'aluminium, le manganèse, peuvent aussi être ajoutés afin d'accroître la résistance et 
d'améliorer les propriétés magnétiques. Ce matériau contient également des impuretés 
inévitables, ainsi que de faibles teneurs en autres éléments pouvant provenir d'additions 
nécessaires au cours du procédé de fabrication. 

4.3.2.4.3 Base de sous-classification 

La sous-classification recommandée est fondée sur la limite d'élasticité. 

4.3.2.4.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de bandes ou tôles laminées à froid et 
ayant subi un recuit final. 

4.3.2.4.5 Caractéristiques physiques 

Outre la limite d'élasticité, une définition plus complète de ces matériaux peut être fondée sur 
les caractéristiques suivantes: 

• magnétiques: pertes totales massiques, polarisation magnétique pour différentes 
valeurs d'intensité du champ magnétique; 

• électriques: isolation de la surface et sa résistance, résistivité; 

• mécaniques: résistance à la traction, allongement, dureté, facteur de couplage; 

• état métallurgique: état fini, c'est-à-dire ayant subi un recuit final; 

• dimensions: épaisseur, largeur et (si exigée) longueur. 

4.3.2.4.6 Applications principales 

Ces matériaux sont généralement utilisés dans des conditions de flux alternés pour des 
parties sous contrainte dans des circuits magnétiques, tels que les rotors de machines 
électriques tournantes à grande vitesse. 

4.3.2.5 Classe C25 – Aciers à 6,5 % de silicium 

4.3.2.5.1 Document de référence 

Ces matériaux ne sont pas couverts par une publication IEC. 

4.3.2.5.2 Composition chimique 

Le constituant de base de ces matériaux est le fer. L'élément d'alliage principal est le silicium, 
dans une teneur pouvant être comprise entre 6 % et 7 %. D'autres éléments d'alliage peuvent 
également être présents. Ce matériau contient également des impuretés inévitables, ainsi que 
de faibles teneurs en autres éléments pouvant provenir d'additions nécessaires au cours du 
procédé de fabrication. 

4.3.2.5.3 Base de sous-classification 

La sous-classification recommandée est fondée sur les pertes totales massiques qui sont 
fonction de l'épaisseur, de la valeur de polarisation magnétique et de la fréquence d'essai. 
Les pertes totales massiques sont déterminées conformément à l'IEC 60404-10, en utilisant 
des échantillons cisaillés composés pour moitié de bandes prélevées parallèlement à la 
direction de laminage et pour l'autre moitié de bandes prélevées perpendiculairement. 
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4.3.2.5.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de bandes ou de tôles laminées à froid. 

4.3.2.5.5 Caractéristiques physiques 

Outre les pertes totales massiques, une définition plus complète peut être fondée sur les 
caractéristiques suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique; 

• électriques: type de revêtement isolant et sa résistance, résistivité; 

• mécaniques: facteur de couplage, planéité, rectitude des rives; 

• état métallurgique: état fini, c'est-à-dire ayant subi un recuit final; 

• dimensions: épaisseur, largeur et (si exigée) longueur. 

A titre d'information, ce matériau présente les caractéristiques particulières suivantes: 

• une magnétostriction quasiment nulle d'environ 1 x 10-7 à 1 T et 400 Hz pour une mesure 
effectuée à l'aide d'un compteur volumétrique à fibres optiques; 

• les pertes pour un matériau de 0,10 mm d'épaisseur mesurées selon l'IEC 60404-10 à 1 T 
et 400 Hz sont d'environ 6 W/kg et à 0,05 T et 20 kHz d'environ 7 W/kg. 

4.3.2.5.6 Applications principales 

Ces matériaux sont généralement utilisés dans des circuits magnétiques d'appareils 
électriques fonctionnant à des fréquences supérieures à 100 Hz, et qui exigent une sortie à 
faible bruit et une faible perte à cœur à fréquence plus élevée, tels que les transformateurs à 
haute fréquence, les réacteurs et moteurs d'appareils électriques portables. 

4.4 Classe D – Autres types d'aciers 

4.4.1 Classe D1 – Produits massifs 

4.4.1.1 Classe D11 – Aciers moulés 

4.4.1.1.1 Document de référence 

Ces matériaux ne sont pas couverts par une publication IEC. 

4.4.1.1.2 Composition chimique 

Le constituant de base de ces matériaux est le fer, avec des impuretés inévitables. L'élément 
d'alliage principal est le carbone dans une teneur inférieure à 0,45 % et d'autres éléments 
(tels que le chrome, le nickel, le manganèse, le molybdène et le silicium) peuvent également 
être nécessaires pour développer les propriétés exigées. 

4.4.1.1.3 Base de sous-classification 

La sous-classification recommandée est fondée sur la limite d'élasticité ou la limite 
conventionnelle d'élasticité à 0,2 % qui sont fonction de la composition chimique et des 
traitements thermiques. 

4.4.1.1.4 Formes disponibles 

Ces matériaux sont normalement présentés sous forme de pièces moulées ayant subi un 
traitement thermique final ou sous forme de pièces partiellement usinées suivant les plans de 
l'utilisateur. 
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4.4.1.1.5 Caractéristiques physiques 

Outre les limites d'élasticité, une définition plus complète de ces matériaux peut être fondée 
sur les caractéristiques suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique, coercitivité; 

• électriques: résistivité; 

• mécaniques: résistance à la traction, allongement, énergie de rupture en flexion 
par choc, absence de défauts; 

• état métallurgique: soit normalisé et revenu, soit trempé et revenu. 

Les essais mécaniques et les essais non destructifs sont exécutés conformément aux normes 
ISO appropriées. La coercitivité est mesurée conformément à l'IEC 60404-7, les autres 
propriétés magnétiques conformément à l'IEC 60404-4. 

4.4.1.1.6 Applications principales 

Ces matériaux sont utilisés pour la construction de circuits magnétiques d'appareils 
électriques lorsqu'une certaine résistance mécanique est exigée, en particulier les éléments 
de machines tournantes, tels que les rotors, pièces polaires, plaques de pression, culasses 
d'aimants. 

4.4.1.2 Classe D12 – Pièces forgées 

4.4.1.2.1 Document de référence 

Ces matériaux ne sont pas couverts par une publication IEC. 

4.4.1.2.2 Composition chimique 

Le constituant de base de ces matériaux est le fer. Les éléments d'alliage principaux sont le 
carbone dans une teneur pouvant être comprise entre 0,15 % et 0,5 % et d'autres éléments 
d'alliage tels que le nickel (jusqu'à 4 %), le chrome (jusqu'à 1,8 %), le molybdène (jusqu'à 
0,5 %), le vanadium (jusqu'à 0,12 %) et le manganèse (jusqu'à 1,9 %) selon les propriétés 
mécaniques exigées et les dimensions des pièces forgées. Le matériau contient aussi des 
impuretés inévitables, ainsi que de faibles teneurs en autres éléments (Si, Al) pouvant 
provenir d'additions nécessaires au cours du procédé de fabrication. 

4.4.1.2.3 Base de sous-classification 

La sous-classification recommandée est fondée sur la limite d'élasticité ou sur la limite 
conventionnelle d'élasticité à 0,2 % qui sont normalement fonction de la composition chimique 
et des traitements thermiques. 

4.4.1.2.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de pièces forgées ayant subi un traitement 
thermique final ou sous forme de pièces partiellement usinées suivant les plans de 
l'utilisateur. 
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4.4.1.2.5 Caractéristiques physiques 

Outre les limites d'élasticité, une définition plus complète de ces matériaux peut être fondée 
sur les caractéristiques suivantes: 

• magnétiques: polarisation magnétique pour différentes valeurs d'intensité du 
champ magnétique; 

• électriques: résistivité; 

• mécaniques: résistance à la traction, allongement, énergie de rupture en flexion 
par choc, aptitude au pliage, absence de défauts; 

• état métallurgique: soit normalisé et revenu, soit trempé et revenu; 

• dimensions: suivant les plans de l'utilisateur. 

Les essais mécaniques et les essais non destructifs sont exécutés conformément aux normes 
ISO appropriées. Les propriétés magnétiques sont mesurées conformément à l'IEC 60404-4. 

4.4.1.2.6 Applications principales 

Ces matériaux sont utilisés pour la construction de circuits magnétiques d'appareils 
électriques, particulièrement dans les parties des machines tournantes soumises à des 
sollicitations mécaniques telles que les arbres de machines tournantes, épanouissements 
polaires, noyaux polaires et plaques d'extrémité. 

4.4.2 Classe D2 – Produits plats 

4.4.2.1 Classe D21 – Aciers à haute résistance – Aciers avec propriétés mécaniques 
et perméabilité spécifiées 
 

4.4.2.1.1 Document de référence 

Ces matériaux sont couverts par l'IEC 60404-8-5. 

4.4.2.1.2 Composition chimique 

Le constituant de base de ces matériaux est le fer. Les éléments d'alliage peuvent être le 
carbone et d'autres éléments (le silicium, par exemple). Ce matériau contient également des 
impuretés inévitables, ainsi que de faibles teneurs en autres éléments pouvant provenir 
d'additions nécessaires au cours du procédé de fabrication. 

4.4.2.1.3 Base de sous-classification 

La sous-classification recommandée est fondée sur la limite conventionnelle d'élasticité à 
0,2 %. 

4.4.2.1.4 Formes disponibles 

Ces matériaux sont normalement livrés sous forme de bandes ou de tôles. 
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